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1. INTRODUCTION 

This sub-regional Stormwater Mitigation Plan (SWMP) was developed by Newhall Land, 
consistent with the Los Angeles County Municipal Separate Storm Sewer System (MS4) 
National Pollutant Discharge Elimination System (NPDES) Permit and the Standard Urban 
Stormwater Mitigation Plan (SUSMP), to set forth the urban runoff management program that 
will be implemented for the Newhall Ranch Specific Plan (NRSP) subregion.  Stormwater 
management, including planning for water quality and hydromodification control, is central to 
assuring the long-term viability of beneficial uses, including important habitat systems and 
species dependent upon those systems.  This sub-regional SWMP assesses potential water 
quality and hydromodification impacts associated with the proposed specific plan development 
and proposes control measures to address those potential impacts.  

The Los Angeles Regional Water Quality Control Board (LARWQCB) has established a 
program for implementing federal stormwater/water quality management requirements, 
including the implementation of the SUSMP.  In 2001, the LARWQCB (LARWQCB, 2001) 
issued an NPDES Permit and Waste Discharge Requirements (Order No. 01-182) under the 
CWA and the Porter-Cologne Act for discharges of urban runoff in municipal separate storm 
drain systems (MS4) in Los Angeles County (herein referred to as the “MS4 Permit”).  The MS4 
Permit requires implementation of a development-planning program for managing the effects of 
new development and redevelopment projects, as outlined in the Permit and the County of Los 
Angeles’ “Manual for the Standard Urban Stormwater Mitigation Plan.”  The Manual is a model 
guidance document for use by Permittees and individual project owners to select post-
construction best management practices (BMPs) and otherwise comply with the SUSMP 
requirements.  It addresses water quality and drainage issues by specifying design standards for 
structural or treatment control BMPs that infiltrate or treat stormwater runoff and control peak 
flow discharge.  BMPs are defined in the Manual and SUSMP requirements as any program, 
technology, process, sizing criteria, operational methods or measures, or engineered systems, 
which, when implemented, prevent, control, remove, or reduce pollution.  The MS4 Permit and 
SUSMP Manual provided the overall context for the preparation of this document. 

MS4 Permit §4.D(9) allows for the development of a regional or sub-regional stormwater 
mitigation program to substitute in part or wholly for SUSMP requirements.  This NRSP sub-
regional mitigation program must be approved by the Regional Board, and shall: 

1. Result in equivalent or improved stormwater quality; 

2. Protect stream habitat; 

3. Promote cooperative problem solving by diverse interests; 

4. Be fiscally sustainable and have secure funding; and 
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5. Construction of regional treatment facilities shall be completed prior to the use of the 
facility by any project within the subregion for post-development runoff treatment.   

At 11,999 acres, the Newhall Ranch Specific Plan subregion is among the largest of the land 
holdings in the region having a single owner or small number of owners.  The size and single 
ownership of the site provide a unique opportunity to develop a comprehensive, master-planned 
stormwater mitigation approach. 

This NRSP Sub-Regional SWMP is the first of three levels of stormwater plan preparation.  
These levels include the Sub-Regional SWMP, which applies to the entire Newhall Ranch 
Specific Plan area; the Project Water Quality Technical Report, which will provide the project-
level impact analysis for each of the villages within the Specific Plan area; and the final Project 
SUSMP, which will be prepared prior to the recordation of any final subdivision map (except 
those maps for financing or conveyance purposes only) or the issuance of any grading or 
building permit (whichever comes first).  The NRSP Sub-Regional SWMP sets the framework 
for the future levels of stormwater plan preparation.   

This NRSP Sub-Regional SWMP has been developed using a watershed-based approach that 
addresses pollutants of concern and hydrologic conditions of concern that can affect aquatic and 
riparian habitat and natural resources, including species associated with these habitats and 
natural communities.  The Sub-Regional SWMP includes concept-level site design, source 
control, treatment control, and hydromodification control BMPs, consistent with the Los Angeles 
County SUSMP, that will be incorporated into each development area within the Newhall Ranch 
Specific Plan subregion. 

This SWMP and the water quality and hydromodification control measures specified in it 
complement the avoidance, minimization, mitigation, restoration, and enhancement measures 
required by and evaluated in the Newhall Ranch Resource Management and Development Plan 
(RMDP).  Implementation of this SWMP will assure that potential water quality and 
hydromodification impacts will not adversely affect Newhall Ranch Specific Plan area receiving 
waters or implementation of the RMDP.   

Prior to the approval of a stormwater plan for each project within the NRSP, a Project Water 
Quality Technical Report (WQTR) will be prepared consistent with the terms and content of this 
Sub-Regional SWMP.  The Project WQTR will provide more specific information and detail 
concerning how the provisions of the NRSP Sub-Regional SWMP will be implemented within 
the area covered by the individual Project WQTR.  At a minimum, each Project WQTR will 
provide supplemental and refined information concerning: (1) how site design, source control, 
treatment control, and hydromodification control BMPs will be implemented at the project level 
for the area in question; (2) potential facility sizing and location within the subject project area; 
and (3) monitoring and operation and maintenance of stormwater BMPs within the relevant 
project area. 
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A final Project SUSMP will be prepared, consistent with the terms and content of both the Sub-
Regional SWMP and Project WQTR, that specifically identifies the BMPs to be used on site.  
The Project SUSMP will be submitted to the Los Angeles County Department of Public Works 
(LACDPW) for review prior to the recordation of any final subdivision map (except those maps 
for financing or conveyance purposes only) or the issuance of any grading or building permit 
(whichever comes first).  The Project SUSMP will identify: (1) site design BMPs (as 
appropriate); (2) source control BMPs; (3) treatment control BMPs; (4) hydromodification 
control BMPs; (5) whether long-term operation and maintenance of structural BMPs will be 
public or private; and (6) structural BMP sizing.  

This report also addresses the potential impacts of the proposed Newhall Ranch Specific Plan 
project on water quality and hydromodification in local surface water bodies, including the Santa 
Clara River and its tributaries within the subregion.  Potential changes in water quality and 
hydrology are addressed for pollutants of concern and hydrologic conditions of concern based on 
runoff water quality and quantity modeling, literature information, and best professional 
judgment.  The level of significance of impacts is evaluated using a weight of evidence approach 
considering significance criteria that include predicted runoff quality for proposed versus 
existing conditions; MS4 Permit, Construction General Permit, and General Dewatering Permit 
water quality requirements; and reference to receiving water quality benchmarks, including Total 
Maximum Daily Load (TMDL) waste load allocations and water quality standards from the 
Basin Plan and California Toxics Rule. 
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2. ENVIRONMENTAL SETTING 

2.1. Project Description 

After conducting additional analysis, the County of Los Angeles Board of Supervisors approved 
the NRSP in May 2003 to guide development of Newhall Ranch projects.  The NRSP covers a 
total of approximately 11,999 gross acres, the majority of which (8,334 acres) consists of high 
country, river corridor, open area, open space, and slopes that will remain undeveloped (Table 2-
1).  The Specific Plan contains the land use plan, development regulations, design guidelines, 
and implementation program for the long-term development of NRSP projects.  Subsequent 
development plans and tentative tract maps are required to be consistent with the NRSP (as 
amended), the County of Los Angeles General Plan, and the Santa Clarita Valley Area Plan.  

The NRSP subregion is located in the unincorporated area of Los Angeles County west of 
Interstate 5 and east of the Los Angeles/Ventura County line (Figure 2-1).  The subregion is 
adjacent to and bisected by the Santa Clara River.  The NRSP subregion currently consists of 
primarily agricultural land uses (farming and grazing), oil and gas operations, and undeveloped 
property.   

The Specific Plan allows for a broad range of residential, mixed-use, and non-residential land 
uses within five villages (Table 2-1, Figure 2-2).  The build-out of the Specific Plan is projected 
to occur over approximately 25 to 30 years, depending upon economic and market conditions.  

Table 2-1: Newhall Ranch Specific Plan Proposed Development 
Land Use Designation Area (Acres)  
Business Park 135.2 
Commercial 228.9 
Commercial Park 63.0 
Estate 352.6 
Elementary School 38.5 
Fire Station 2.2 
Golf Course 172.5 
High Density Residential 151.2 
High Country 4234.3 
High School 41.1 
Junior High School 20.9 
Low Density Residential 419.3 
Library 1.0 
Lake 24.2 
Low-Medium Density Residential 978.4 
Medium Density Residential 610.9 
Neighborhood Park 52.3 

Open Area 
763.3 
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Land Use Designation Area (Acres)  
Open Space 1,354.8 
River Corridor 761.9 
Road 340.0 
Sub-Station 2.2 
Slope 1,219.8 
Visitor Serving 15.8 
Water Reclamation 14.9 
Total 11,999.2 

 

2.1.1. Circulation Plan 

The roadway network for Newhall Ranch is set forth in the Master Circulation Plan (NRSP, 
Section 2.4).  Primary access to the Specific Plan site is currently provided via State Route 126 
(SR-126), which is presently a four-lane highway between the Los Angeles County/Ventura 
County line and its connection to Interstate 5 (I-5), located approximately one mile east of the 
Specific Plan site.  
 

In addition, Chiquito Canyon Road/Del Valle Road is an existing two-lane road designated as a 
Limited Secondary Highway in the Santa Clarita Valley Area Plan.  San Martinez Grande Road 
is an existing local road, which provides access to portions of the Specific Plan site north of SR-
126.  The Specific Plan calls for improvements to several existing roadways in the Specific Plan 
area, including SR-126, Magic Mountain Parkway, Potrero Valley Road, Commerce Center 
Drive, Chiquito Canyon Road/Del Valle Road, San Martinez Grande Road, Valencia Boulevard, 
and Pico Canyon Road.  These roadway improvements, as well as the other NRSP internal 
roadways, have been included in the project impact analysis presented in this report. 

2.1.2. Trails Plan 

The Master Trails Plan (NRSP Section 2.4) provides a comprehensive bicycle, pedestrian, and 
equestrian trails system throughout the Specific Plan area, and includes potential connections to 
regional trail systems within the Santa Clarita Valley.  Portions of the proposed trail system 
would cross drainage channels or be located in areas under the jurisdiction of the Corps and 
CDFG.  Construction details for the approved trails system are depicted on Exhibits 2.4-6, 2.4-7, 
and 2.4-8 of the approved Specific Plan.  

The trails system would extend the existing planned regional trails into the Specific Plan site and 
provide additional recreational opportunities for both local and regional residents. The trails 
would provide access to Open Areas and the River Corridor and High Country SMAs, and 
connections between living areas, shopping, employment, entertainment, schools, and civic and 
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recreational facilities. The trails system provides a hierarchy of trails, including the Regional 
River Trail, community trails, local trails, pathways, and unimproved trails. 

2.1.3. Water Plan and Sewer Plan 

The Conceptual Backbone Water Plan, (NRSP Section 2.5), identifies conceptual onsite water 
storage and distribution systems to provide adequate fire and domestic water service to the 
Specific Plan site.  The Specific Plan site is within the service area of the Castaic Lake Water 
Agency (CLWA), a wholesale water agency in the Santa Clarita Valley. Valencia Water 
Company, which currently serves Valencia and parts of the Newhall and Castaic communities, 
would provide retail water service to the Specific Plan. The domestic water demands for the 
Specific Plan are based on the projections for the specific land uses and their intensities, 
balanced with historical use factors. 

The two sources of non-potable supplies needed to meet the Specific Plan's non-potable demand 
are recycled water from the Specific Plan's WRP and from existing upstream WRPs. The 
Specific Plan WRP's treatment capacity is planned to be 6.8 mgd of wastewater generated by the 
Specific Plan, all of which would be treated at the WRP, and upon tertiary treatment, reclaimed 
for landscape irrigation purposes (except for wet winters when irrigation demands would be 
lower, requiring the discharge of unused reclaimed water to the Santa Clara River during periods 
of high river flow).  Recycled water from the WRP would be used to partially meet the non-
potable water demands (e.g., irrigation) of the Specific Plan. The WRP, to be located along the 
Santa Clara River in the western edge of the Specific Plan site, is planned to be constructed in 
stages as the Specific Plan is developed over time.  Construction of the WRP will require outfall 
facilities in and near the Santa Clara River.  

CLWA also would serve the Specific Plan site with recycled water from existing upstream 
WRPs, consistent with CLWA's draft "Reclaimed Water System Master Plan." CLWA's master 
plan is being implemented in stages. CLWA's recycled water source would meet the remaining 
non-potable water demand of the Specific Plan.  

Since approval of the Specific Plan by Los Angeles County, the Los Angeles County Local Area 
Formation Commission completed formation of the Newhall Ranch County Sanitation District. 
The new County sanitation district was formed effective July 27, 2006.     

The Conceptual Backbone Sewer Plan (NRSP Section 2.5) sets forth a conceptual system for 
sewage collection that includes the Newhall Ranch WRP, a collection system with pump 
stations, and both gravity and force mains/siphons.  All facilities of the sanitary sewer system 
would be designed and constructed for maintenance by the County of Los Angeles and/or the 
Sanitation Districts in accordance with their criteria, procedures, and requirements. 

The Newhall Ranch Revised Draft EIR (March 8, 1999) contains a project-level analysis of the 
potential significant environmental impacts associated with construction and operation of the 
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approved Newhall Ranch WRP.  This report addresses the potential impacts of reclaimed water 
use for irrigation on groundwater quality and considers the potential cumulative impacts of WRP 
discharges on water quality and hydromodification in the Santa Clara River. 

2.1.4. Recreational and Open Areas 

The land resources devoted to passive and active recreational uses, as well as environmental 
preservation, make up over one-half, (6,170 acres) of the NRSP area (see the Open Areas, 
Habitat Management Areas, and Parks Plan, NRSP Section 2.6).  NRSP components comprising 
parks, recreational uses, open areas, and habitat management areas are summarized below. 

Neighborhood and Community Parks.  The Specific Plan Land Use Plan features 10 
neighborhood parks dispersed throughout the Specific Plan and sited to meet the anticipated 
needs of Newhall Ranch residents. In addition, there are three approved community parks. The 
community parks include the 141-acre Oak Valley community park, the 16-acre Landmark 
Village community park, and the approximately 20-acre Mission Village community park. 

Community Lake/Golf Course.  A man-made community lake and golf course are approved as 
part of the Potrero Valley Village.  The 15-acre lake and 180-acre golf course are to be situated 
in the central portion of the Potrero Valley Village to provide recreational amenities for the 
entire community.  Scenic views of the lake would be provided from both commercial and 
residential areas.  A pedestrian pathway along the lake would provide residents and Potrero 
Valley Village visitors with active and passive recreation opportunities. 

Open Area.  The approved Specific Plan's Open Area land use designation provides 
opportunities for active and passive recreation within the Specific Plan site.  The Open Area 
designation encompasses approximately 1,010 acres of land through the central portion of the 
Specific Plan's development areas.  The Open Area includes community parks, significant 
landforms and ridges, creeks and drainages, oak woodland and savannahs, utility and trail system 
easements, and often functions as a transition between Specific Plan development areas to the 
River Corridor and High Country SMAs. 

2.1.5. Conservation and Special Management Areas  

The Specific Plan Land Use Plan (Figure 2.0-7) designates a total of approximately 5,172 acres 
for the River Corridor and High Country Special Management Areas (SMAs).  The River 
Corridor SMA is generally 1,500 to 2,000 feet wide and is located along the north and south 
sides of the Santa Clara River.  The High Country SMA is located in the southern portion of the 
Specific Plan site.  The SMAs are designed primarily to protect the existing natural resources 
within Los Angeles County's Significant Ecological Areas (SEA), SEA 20 and SEA 23.  Limited 
public access through the SMAs would be provided by the trail system to be developed, 
consistent with the Specific Plan Master Trails Plan.  Additional information regarding the two 
SMA/SEA areas is included in the Newhall Ranch Revised Draft EIR (March 8, 1999), Section 
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4.6, Biota, and the Newhall Ranch Revised Additional Analysis, Volume VIII (May 2003), 
Section 2.4, SEA General Plan Consistency.  The two SMAs/SEAs, and other important 
preserve/conservation areas on and adjacent to the Specific Plan site, are summarized below. 

River Corridor SMA.  The 975-acre River Corridor SMA/SEA 23 includes the Santa Clara River 
within the Specific Plan site and associated habitats.  The value of the River Corridor SMA/SEA 
23 is derived from the inherent value of its wetland and riparian habitats and associated species, 
and from its function as a regional east-west wildlife corridor.  Four federally-listed endangered 
species and numerous other sensitive species have been observed or detected in riparian habitats 
of the River.  These wildlife species include the state and federally-listed endangered unarmored 
three-spine stickleback (Gasterosteus aculeatus williamsoni), Southwestern willow flycatcher 
(Empidonax traillii extimus), and least Bell's vireo (Vireo bellii pusillus); and the federally-listed 
endangered arroyo toad (Bufo californicus).  The Santa Clara River is also an important 
migration and genetic dispersion corridor for many wildlife species, including aquatic taxa, 
riparian-obligate species (resident and migratory), and larger more mobile terrestrial animals. 

The Specific Plan's previously adopted Resource Management Plan requires a permanent, non-
revocable conservation and public access easement to be offered to the County of Los Angeles 
over the portion of the River Corridor SMA/SEA 23 within each Newhall Ranch subdivision. 
The easement is to be offered upon completion of development of all land uses, utilities, roads, 
flood control improvements, bridges, trails, and other improvements necessary for 
implementation of the Specific Plan within that subdivision allowing construction within or 
adjacent to the River Corridor SMA/SEA 23.  The Resource Management Plan also contains a 
mitigation and habitat management program for the River Corridor SMA/SEA 23.  Mitigation 
for the Specific Plan's impacts on riparian resources includes habitat restoration and 
enhancement activities.  Habitat restoration refers to the revegetation of native plant 
communities on sites that have had the habitat removed due to past activities.  Enhancement 
refers to the rehabilitation of areas of native habitat that have been moderately disturbed by past 
activities.  A new Regional River Trail providing limited public access would be established on 
the north side of the River.  

Prior to recording the River Corridor SMA/SEA 23 conservation and public access easement to 
Los Angeles County, the applicant is to provide a plan for the permanent ownership and 
management of the River Corridor SMA/SEA 23, including any necessary funding.  This plan is 
to include the transfer of ownership of the River Corridor SMA/SEA 23 to the Center for Natural 
Lands Management.  Long-term management strategies for the River Corridor SMA/SEA 23 
include limitations on grazing, prohibition of agriculture, and limiting recreational activities to 
the use of the established trail system.  The conservation and public access easement must be 
consistent with any other conservation easements to state or federal resource agencies, which 
may have been granted as part of the mitigation actions required by state and federal permits. 
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High Country SMA.  The largest land use designation of the Newhall Ranch Specific Plan Land 
Use Plan is the 4,185-acre High Country SMA/SEA 20.  The High Country SMA/SEA 20 is 
located in the southern portion of the site and includes oak savannahs, high ridgelines, and 
various canyon drainages, including the Salt Creek watershed in Los Angeles County.  Salt 
Creek is a regionally significant wildlife corridor that provides an important habitat link to the 
Santa Clara River.  As previously discussed, the Santa Clara River is an important east-west 
riparian corridor within the Specific Plan site.  This corridor also serves as an important 
connection between the upland habitats to the north and south of the River.  Specifically, large 
expanses of undeveloped land (i.e., Salt Creek in Los Angeles County) allow for the movement 
of wildlife to the River and back.  Salt Creek also provides wildlife movement connectivity 
between the River Corridor SMA/SEA 23 and the High Country SMA/SEA 20.  

The Specific Plan's previously adopted Resource Management Plan requires the High Country 
SMA/SEA 20 to be dedicated in fee to a Joint Powers Authority (JPA) consisting of 
representatives from the Los Angeles County (four members), the City of Santa Clarita (two 
members), and the Santa Monica Mountains Conservancy (two members). The JPA would have 
overall responsibility for recreation within and conservation of the High Country SMA/SEA 20. 
The Center for Natural Lands Management would be responsible for resource conservation and 
management in the High Country SMA/SEA 20.  An assessment district would be formed under 
the authority of the Los Angeles County Board of Supervisors to generate revenue to be 
distributed to the JPA for recreation, maintenance, construction, conservation, and related 
activities within the High Country SMA/SEA 20.  

Prior to dedication in fee of the High Country SMA/SEA 20, the Specific Plan requires that a 
conservation and public access easement be offered to the County of Los Angeles and that a 
conservation and management easement be offered to the Center for Natural Lands Management. 
The Specific Plan also requires that the County's conservation and public access easement be 
consistent with any other conservation easements to state or federal resource agencies, which 
may have been granted as part of the mitigation actions required by state and federal permits.  In 
addition, the conservation and public access easement is to prohibit grazing within the High 
County SMA/SEA 20, except for those grazing activities associated with long-term resource 
management plans; and restrict recreation to the established trail system.  

Pursuant to the Specific Plan, the High Country SMA/SEA 20's dedication in fee is to occur in 
three approximately equal phases of about 1,400 acres each, proceeding from north to south 
within the Specific Plan site, as follows: (a) the first offer of dedication would take place with 
issuance of the 2,000th residential building permit of the Specific Plan; (b) the second offer of 
dedication would take place with issuance of the 6,000th residential building permit; and (c) the 
remaining offer of dedication would be completed by the 11,000th residential building permit.    

Salt Creek Dedication and Management Area.  As part of its approval of the Specific Plan in 
2003, the Los Angeles County Board of Supervisors imposed an off-site condition requiring the 
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applicant to dedicate to the public the remaining 1,517-acre portion of the Salt Creek watershed 
in Ventura County, adjacent to the western boundary of the Specific Plan site.  The applicant is 
required to satisfy this condition by dedicating the Salt Creek area in fee and/or by conservation 
easement to the JPA, which is responsible for overall recreation and conservation of the High 
Country SMA/SEA 20.  The Salt Creek area will be transferred upon approval of the first tract 
map adjacent to Ventura County in the Oak Valley (Potrero) Village portion of the Newhall 
Ranch Specific Plan.  The Salt Creek area is to be managed in conjunction with and in the same 
manner as the High Country SMA/SEA 20.  Protection of the Salt Creek area in both Los 
Angeles County and Ventura County enhances the Specific Plan's compatibility with animal 
movement in the region.  

San Fernando Valley Spineflower CDFG Conservation Easements.  Two conservation easements 
have been granted to CDFG for the purpose of conserving populations of spineflower found on 
the Specific Plan site. The easements are located on the south side of the River, and include a 20-
acre preserve at Airport Mesa (east of Middle Canyon), and a 44-acre preserve at Grapevine 
Mesa (east of Humble Canyon). The conservation easements granted to CDFG are found in the 
approved Specific Plan (Appendix Volume II, Section 7.8). 

2.1.6. Infrastructure Improvements 

2.1.6.1. Conceptual Backbone Drainage Plan 

The Conceptual Backbone Drainage Plan for the Specific Plan site is found on Exhibit 2.5-1 of 
the approved Specific Plan.  From a sub-watershed standpoint, post-construction drainage basins 
will largely conform to the existing drainage areas onsite; project-related grading will not 
significantly alter the sub-watershed boundaries on Newhall Ranch.  Storm flows through the site 
will largely follow existing drainage patterns, and will be conveyed through the site in open, soft 
bottom stream channels and closed drainage systems.  A full description of the drainage facilities 
can be found in the Newhall Ranch Specific Plan (SCH # 95011015, May 2003). 

Biological impacts associated with physical alterations to drainages in the Santa Clara River in 
connection with the construction of drainage and flood control facilities were evaluated in the 
Newhall Ranch Revised Draft EIR (March 8, 1999), Section 4.6, Biota. Biological impacts were 
further assessed in the Newhall Ranch Revised Additional Analysis (May 2003), Section 2.3, 
Floodplain Modifications, Volume VIII.  Biological impacts associated with physical alterations 
to drainages and the Santa Clara River in connection with the construction of drainage facilities 
described in the RMDP are addressed in the Newhall Ranch Resource Management and 
Development Plan and Spineflower Conservation Plan Draft Joint Environmental Statement and 
Environmental Impact Report (SCH #2000011025), Section 4.5, Biological Resources, and 
Section 4.6, Jurisdictional Waters and Streams, and related biotechnical reports. 
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2.1.6.2. RMDP Infrastructure Improvements 

The proposed RMDP infrastructure improvements to implement the approved Specific Plan are 
described in further detail in Section 2.6 of the Newhall Ranch Resource Management and 
Development Plan and Spineflower Conservation Plan Draft Joint Environmental Statement and 
Environmental Impact Report (SCH #2000011025) . The proposed RMDP infrastructure 
improvements are briefly summarized as follows: 

Bridges and Road Crossing Culverts. Three bridges and sixteen new road crossing culverts 
would be installed to serve the Specific Plan and to accommodate future traffic associated with 
development of the Specific Plan and the region.  There are two proposed bridges, Potrero 
Canyon Bridge and Long Canyon Road Bridge, and one previously approved bridge, Commerce 
Center Drive Bridge. 1  The three bridges would be located over the main stem of the Santa Clara 
River.  The bridges are proposed to be constructed of conventional concrete girders placed over 
concrete filled piers.  Fifteen of the 16 new road crossing culverts would cross five tributaries to 
the Santa Clara River. A sixteenth road crossing culvert would cross Ayers Canyon, near Potrero 
Mesa. The road crossings would be constructed of earthen fill and pre-fabricated arched culverts.  

Bank Stabilization. Bank stabilization/protection would be installed along portions of the Santa 
Clara River and its tributary drainages within the RMDP site.  Bank protection would include 
buried soil cement, grouted and ungrouted rock riprap, turf reinforcement mats, and limited 
gunite slope lining in and around bridge abutments. Building pad elevation of the ground surface 
also would occur in areas along the Santa Clara River and major tributary drainages in order to 
protect land uses from flooding.  

Drainage Facilities. Drainage facilities would be installed and include open and closed drainage 
systems, inlets, outlets, bank stabilization, and water quality basins. The proposed drainage 
structures focus on minimizing the amount of debris that would enter the drainage system and 
maintaining the quality of water within the system.  

Water Quality Control Facilities. Pursuant to regulatory requirements (see Section 3.6), urban 
runoff treatment control BMPs would be implemented.  Proposed treatment control BMPs are 
described in Section 5.3 of this report. 

Tributary Drainages.  In order to accommodate the Specific Plan development, some of the 
existing major tributary drainages within the Specific Plan site (Chiquito Canyon and San 
Martinez Grande Canyon) would require stabilizing treatments to protect the channel and 
surrounding development from excessive vertical scour and lateral channel migration. The 

                                                 

1 The Commerce Center Drive Bridge was previously analyzed in the Final EIS/EIR prepared and approved by the 
Corps and CDFG in connection with the previously adopted NRMP (SCH No. 1997061090, August 1998).   
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existing drainages would remain intact, but would sustain permanent and temporary impacts 
from construction of stabilization elements, including buried bank stabilization and grade 
stabilization structures.  

Due to the existing conditions within portions of some drainages in the Specific Plan site 
(portions of Long, Lion, and Potrero canyons), stabilization of the existing drainages is not 
feasible; and, therefore, in order to meet the County’s flood protection objectives, these 
drainages would be graded, and a new drainage would be constructed in the same or similar 
location. The new drainages would be designed to incorporate buried bank stabilization and 
grade stabilization, and would have sufficient hydrologic capacity to pass the Los Angeles 
County Capital Flood without the need for clearing vegetation from the channels. The new 
channel banks would be planted with riparian vegetation following construction.  

Among the minor tributary drainages within the RMDP site, some are located in areas where no 
impacts are proposed, and are distant enough from surrounding development that bank 
stabilization is not required. These drainages would remain in their existing condition; the 
RMDP does not propose to impact or enhance these drainages. In most situations, unmodified 
drainages would be located within future open space areas and maintain their current hydrologic 
functions, as well as providing linkages for wildlife movement to and from the Santa Clara 
River. 

Some of the drainages within the Specific Plan site, including many of the smallest, ephemeral 
streams, would be graded as part of the grading operations required to facilitate build-out of the 
Specific Plan.  Flows in these drainages meet the Los Angeles County flood criteria (less than 
2,000 cfs) to be conveyed by storm drain.  Because of the small, ephemeral nature of these 
drainages, the RMDP does not proposed to create new drainage channels to replace these 
impacted drainages.  Rather, the wet-weather flows that currently occupy the drainages would be 
routed into the development’s storm drain system, and would be discharged to the Santa Clara 
River via the proposed storm drain outlets. 

Grade Stabilization Structures. Grade stabilization structures would be installed on five existing 
tributaries (Chiquito Canyon, Long Canyon, Potrero Canyon, San Martinez Grande Canyon, and 
Lion Canyon) to the main stem of the Santa Clara River. The grade stabilization structures are 
designed to contain the hydraulic "jump" that occurs when there is a significant drop in 
streambed elevation, so that higher velocities are dissipated within the area; the structures would 
help control erosion and changes to the configuration of the bed of the stream channel. Such 
structures would be constructed of soil cement, sheet piles, or reinforced concrete.   

Utility Crossings. Various electrical, sewer, water, gas, and communications lines would be 
installed across the Santa Clara River, Chiquito Canyon, San Martinez Canyon, Potrero Canyon, 
and Long Canyon to serve the Specific Plan.  Typically, the utility lines would be installed in 



 

13 
Newhall Ranch Specific Plan Sub-Regional Stormwater Mitigation Plan 4/10/2008 

rights-of-way adjacent to bridges where access for installation and maintenance can be easily 
accommodated.  

Temporary Haul Routes for Grading Equipment. Temporary haul routes across the Santa Clara 
River would be used during construction to move equipment and excavated soil to locations in 
the RMDP site where fill is needed.  

WRP Outfall Construction Activities. An effluent outfall pipeline would be constructed from the 
Newhall Ranch WRP through the bank stabilization to the bed of the Santa Clara River. An 
earthen channel and adjacent walkway also would be constructed to reach the actual flow path of 
the river.  

Maintenance Activities. DPW or other management entity would conduct regular and ongoing 
maintenance of flood, drainage, and water quality protection facilities on the RMDP site. Such 
activities would include periodic inspection of structures and monitoring of vegetation growth 
and sediment buildup to ensure that the integrity of the structures is maintained and that planned 
conveyance capacity is present, routine repairs and maintenance of bridges and bank protection, 
and emergency maintenance activities.  

Recreation Facilities. In addition to the comprehensive system of bicycle, pedestrian, and 
equestrian trails that would be implemented by the adopted Specific Plan Master Trails Plan, the 
RMDP proposes to construct up to eight nature viewing platforms that would be located in 
jurisdictional areas along the Santa Clara River.  

Habitat Enhancement and Restoration Activities. The RMDP incorporates a variety of design 
features that minimize impacts to riparian and upland resources along and within the Santa Clara 
River and its tributary drainages, including avoidance, minimization, restoration, and 
enhancement activities.  In addition, the RMDP includes enhancement design features, such as 
removal of grazing to enhance riparian habitat, and rehabilitating native habitat areas that have 
been disturbed by past activities or invaded by non-native plant species.  

Consistent with the resource management objectives, a multi-disciplinary approach was used to 
design the RMDP.  This approach includes factors such as biology, land use, geology, 
topography, hydrology, soils, and infrastructure.  By incorporating design considerations and 
resource preservation methods, implementation of the RMDP would result in a conservation 
strategy to allow for development of the Specific Plan in a way that avoids or minimizes the 
Specific Plan's significant impacts on waters, jurisdictional streams and drainages, and sensitive 
biological resources.  RMDP implementation also would build upon the preserve assembly 
process that originated with the Specific Plan's Resource Management Plan.  This preserve 
assembly process involves the dedication of the High Country SMA/SEA 20, River Corridor 
SMA/SEA 23, Salt Creek, and Open Areas.  
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The RMDP also proposes mitigation and management activities to address the significant 
impacts on jurisdictional waters/drainages and sensitive biological resources resulting from the 
Specific Plan.  The impacts and mitigation and management measures identified in the RMDP 
are discussed in both Section 7.0 of the RMDP and Section 4.5, Biological Resources, of the 
Newhall Ranch Resource Management and Development Plan and Spineflower Conservation 
Plan Draft Joint Environmental Statement and Environmental Impact Report (SCH # 
2000011025).  

The RMDP includes plans for monitoring and management.  In addition, the RMDP provides an 
adaptive management program and remedial measures for the River Corridor SMA/SEA 23, 
High Country SMA/SEA 20, Salt Creek, and Open Areas. The RMDP includes reporting 
requirements associated with the River Corridor SMA/SEA 23, High Country SMA/SEA 20, Salt 
Creek, Open Area, and oak resources, and it describes the funding mechanisms that would be 
utilized to implement the plan.   

2.2. Receiving Waters  

2.2.1. Santa Clara River 

2.2.1.1. Watershed Description 

The 11,999-acre NRSP subregion is located within the Santa Clara River Hydrologic Basin and 
associated watershed, which is 1,634 square miles in area.  The portion of the Santa Clara River 
watershed that is located generally upstream or east of the Ventura County/Los Angeles County 
jurisdictional line is approximately 640 square miles in size, and drains portions of the Los 
Padres National Forest from the north, the Angeles National Forest from the north and northeast, 
and the Santa Susana Mountains from the south and southeast.  The NRSP subregion intersects 
18 tributary drainage areas, all of which drain into the Santa Clara River (Figure 2-4).  The Santa 
Clara River extends approximately 5.5 miles east to west across the NRSP subregion.  The 
NRSP subarea comprises 2.9 percent of the Santa Clara River watershed upstream of the Los 
Angeles/Ventura County Line, 1.1 percent of the total Santa Clara River watershed, and 
approximately 58 percent of the 20,724-acre tributary drainage area.   

The Santa Clara River (SCR) watershed drains an area in the Transverse mountain range of 
southern California.  The SCR flows generally west from its headwaters near Acton to the 
Pacific Ocean near the City of Ventura, approximately 40 miles downstream of the NRSP 
subregion.  The river exhibits some perennial flow in its eastern-most stretches within the 
Angeles National Forest then flows intermittently westward within Los Angeles County.  The 
principal tributaries of the upper river watershed in Los Angeles County are Castaic Creek, 
Bouquet Canyon Creek, San Francisquito Creek, and the South Fork of the Santa Clara River.  
Placerita Creek is a large tributary draining the western-most end of the San Gabriel Mountains; 
it joins the South Fork, which flows directly into the Santa Clara River.  Castaic Creek is a south-
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trending creek that confluences with the Santa Clara River downstream of the City of Santa 
Clarita.  Castaic Lake is a DWR-owned reservoir located on Castaic Creek.  San Francisquito 
Canyon Creek is an intermittent stream in the watershed adjacent to Bouquet Canyon to the 
southeast.  Elevations within the watershed range from sea level at the river mouth to 8,800 feet 
at the summit of Mount Pinos in the northwest corner of the watershed.   

The principal sources of water contributing to the base flow of the Santa Clara River are:  (a) 
groundwater from the Alluvial aquifer basin in Los Angeles County, which seeps into the 
riverbed near, and downstream of, Round Mountain (located just below the mouth of San 
Francisquito Creek); (b) tertiary-treated water discharged to the Santa Clara River from two 
existing Los Angeles County Sanitation District WRPs -- the Saugus WRP, located near Bouquet 
Canyon Road bridge and the Valencia WRP, located immediately downstream of I-5 (for 
locations, see Figure 2-1); and (c) in some years, DWR-released flood flows from Castaic Lake 
into Castaic Creek during winter and spring months  (CH2M Hill, 2005).  The Saugus Water 
Reclamation Plant, located near Bouquet Canyon Road bridge, has a permitted dry weather 
average design capacity of 6.5 million gallons per day (mgd) creating surface flows from the 
outfall to near Interstate 5.  The Valencia Water Reclamation Plant outfall is located immediately 
downstream of the Interstate 5 bridge and has a permitted dry weather average design capacity of 
21.6 mgd, creating surface flows extending through the Project area and into the far eastern 
portion of Ventura County.  The combined average treated discharge from both WRPs between 
January 2004 and June 2007 was approximately 20 mgd. 

The reach of the SCR within and adjacent to the NRSP subregion has multiple channels 
(braided).  This kind of system is characterized by high sediment loads, high bank erodibility, 
and intense and intermittent runoff conditions.  Combined with the relatively flat gradient of the 
SCR at this point (less than one percent), the SCR has a high potential to aggrade (deposit 
sediment) at low flow velocities (PACE, 2006). 

The following description of the physiography, climate, flows, and vegetation of the Santa Clara 
River are summarized primarily from Assessment of Potential Impacts Resulting from 
Cumulative Hydromodification Effects, Selected Reaches of the Santa Clara River, Los Angeles 
County, California (Balance Hydrologics, provided in Appendix F). 

2.2.1.2. Physiography 

The Santa Clara River flows through a complex, tectonically-active trough.  Some of the most 
rapid rates of geologically-current uplift in the world are reported from the Ventura anticline and 
San Gabriel Mountains, just to the northwest and southeast, respectively, of the river.  Slopes are 
very steep, with local relief of 3,000 to 4,000 feet being common.  These faults bring harder, 
more resistant sedimentary rocks over softer and younger sedimentary formations, but all 
formations are fundamentally soft and erodible.   On either side of the faults, sandstone and 
mudstones prevail.  The northeastern and southeastern corners of the watershed are underlain by 
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deeply-weathered granitic and schistose rocks, which produce sands that are coarser than those 
of other rock units when they weather and erode.   The San Gabriel fault crosses the valley, 
bringing slightly more resistant rock to the surface and creating a local base level reflected as a 
slight rise or ‘bump’ on the river’s longitudinal profile. 

Most geologic materials in the watershed decompose mainly to silts, clays, and sand, with some 
coarser materials.  Most sediment moved by the Santa Clara River and its main tributaries is fine, 
with less than 5 percent bedload-sized material (>0.25 mm, or about 0.01 inches in diameter).  
Some gravels and cobbles do occur within the beds of the stream and in their alluvium.  
Nonetheless, both the bed and the sediment transported by the river tend to be finer than in most 
Southern California watersheds. 

2.2.1.3. Flows 

Downstream of the Valencia WRP, the SCR is perennial past the Los Angeles/Ventura County 
line to approximately Rancho Camulos.  Flows in the SCR can also be affected by groundwater 
dewatering operations or by diversions for agriculture or groundwater recharge.  Throughout the 
Santa Clara River channel, there are complex surface water/groundwater interactions where both 
gaining and losing river segments are found.  Downstream of the County line, however, the 
Santa Clara River flows through the Piru groundwater basin, which represents a “Dry Gap” 
where dry-season surface flows are interrupted and streamflow is lost to groundwater. 

The SCR is underlain by several distinct alluvial groundwater basins in Ventura County—the 
Piru, Fillmore, and Santa Paula Basins.  These basins are divided longitudinally by sills or ridges 
of bedrock that support areas of locally-high (shallow) groundwater, including the area upstream 
from the County line (above the Piru Basin), and upstream from the mouth of Sespe Creek (the 
transition between the Piru and Fillmore Basins).  This locally-high groundwater sustains 
summer baseflow and riparian vegetation within the SCR corridor even through relatively dry 
climatic cycles. 

Flows in the SCR, as in most southern California streams, are highly episodic.  For the gaged 
period between 1953 and 1996, annual flow at the Los Angeles/Ventura County line gage ranged 
between 253,000 acre-feet (1969) and 561 acre-feet (1961).  Annual peak flows at the County 
line between 1953 and 1996 ranged from 68,800 cfs (1969) to 109 cfs (1960).  Of note is that the 
second highest annual peak (32,000 cfs in 1966) was less than half of the highest peak (68,800 in 
1969).  These large episodic events have a significant impact on the geomorphic characteristics 
of the Santa Clara River mainstem. 

After studying the response of the river to several different anthropogenic and natural 
disturbances, Balance Hydrologics (2005) concluded that the Santa Clara River, as with many 
streams in semi-arid southern California, is highly episodic.  Concepts of “normal” or “average” 
sediment-supply and flow conditions have limited value in this “flashy” environment, where 
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episodic storm and wildfire events have enormous influence on sediment and storm flow 
conditions.  In these streams, a large portion of the sediment movement events can occur in a 
matter of hours or days.  Other perturbations which can potentially affect channel geometry 
appear to have transitory or minor manifestations.  For example, effects on SCR channel width 
due to the 1980s levee construction was barely discernible by the first few years of the 21st 
century, probably mostly due to morphologic compensation associated with the storm events in 
the mid- to late-1990s.  As a result, channel morphology, stability, and character of the Santa 
Clara River is almost entirely determined by the “reset” events that occur within the watershed. 

2.2.1.4. Vegetation and Habitat Types 

Much of the watershed upstream of the Newhall Ranch Specific Plan area receives rainfall 
averaging about 18 to 25 inches per year.  As throughout Southern California, rainfall in the 
Santa Clara watershed alternates between wet and dry periods, a variation that is central to 
understanding the geomorphic history of the watershed.  Wet cycles tend to persist for several 
years, sometimes for periods of 6 or 8 years, during which rainfall, although variable, may 
average about 140 to 150 percent of the long-term average.  For the woody riparian vegetation 
along the banks and on islands in the braided channels, these are crucial periods for 
establishment and growth.  During dry cycles, the roots of the riparian vegetation must grow 
downward to the water table or perched zones, and where it cannot do so, this band of vegetation 
will die back. 

The existing SCR channel contains a variety of vegetation types (Impact Sciences, 2003). The 
active SCR channel is mostly barren due to scouring by seasonal storm flows.  However, 
vegetation types on the adjacent terraces vary based on elevation relative to the active channel 
bottom and the frequency of flooding.  The following series of vegetation types occur along a 
vertical gradient from the channel bottom to the highest SCR terrace on the floodplain: emergent 
herbaceous, woody shrubs, and trees. 

The Santa Clara River corridor at the NRSP site supports three general categories of habitat 
(Impact Sciences, 2003): (1) aquatic habitats, consisting of flowing or ponded water; (2) wetland 
habitats, consisting of emergent herbs rooted in ponded water or saturated soils along the 
margins of the active channel; and (3) riparian habitat, consisting of woody vegetation along the 
margins of the active channel and on the floodplain.  Both year-round and seasonal aquatic 
habitats are provided and are subject to periodic disturbances from winter flood flows.  These 
flows inundate areas that are dry most of the year.  They also carry and deposit sediment, seeds, 
and organic debris; form new sandbars and destroy old ones; and erode stands of vegetation.  
New stands of vegetation are created where vegetation becomes established by seeds or buried 
stems.  Thus, the aquatic habitats of the river are in a constant state of creation, development, 
disturbance, and destruction. 
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2.2.2. Santa Clara River Reaches 

The SCR is divided into reaches for purposes of establishing beneficial uses and water quality 
objectives (Figure 2-5).  However, there are two reach classifications, one established by the Los 
Angeles Regional Water Quality Control Board (LARWQCB), and one established by the 
United States Environmental Protection Agency (USEPA).  Both of these reach classifications 
are used by the LARWQCB and the USEPA in various documents, which at times is a source of 
confusion.  This report will use the LARWQCB reach numbers.   

Table 2-2 lists the LARWQCB and USEPA reaches, respectively.  Figure 2-5 illustrates both 
reach designations.  The reach boundaries are mostly identical in the two classifications, except 
that the third and fourth LARWQCB Reaches are each subdivided into two reaches in the 
USEPA reach designation.  The NRSP subregion is located along LARWQCB Reach 5 (USEPA 
Reach 7). 

Table 2-2: LARWQCB Santa Clara River Reaches 
LARWQCB 

Reach  
Corresponding 
USEPA Reach Boundary Description 

1 1 Santa Clara Estuary to Highway 101 

2 2 Highway 101 to Freeman diversion dam 

3 3 & 4 Freeman diversion dam to Fillmore “A” Street 

4 5 & 6 Fillmore “A” St to Blue Cut gaging station 

5 7 Blue Cut gaging station to West Pier Highway 99 (NRSP Subregion Location) 

6 8 West Pier Highway 99 to Bouquet Canyon Road 

7 9 Bouquet Canyon Road to Lang gaging station 

8 10 Above Lang gaging station 

 

2.2.3. Santa Clara River Tributaries 

The existing drainages within the subregion consist of Castaic Creek and the drainage courses of: 
Chiquito Canyon; San Martinez Grande Canyon; Homestead Canyon; Off-Haul Canyon; Mid-
Martinez Canyon; Middle Canyon; Magic Mountain Canyon; Dead End Canyon; Exxon Canyon; 
Lion Canyon; Humble Canyon; Long Canyon; Ayers Canyon; Potrero Canyon; Salt Creek 
Canyon; and other unnamed drainage courses tributary to the Santa Clara River (Figure 2-4).  
Combined, the tributary drainage watersheds comprise 20,724 acres, 11,963 acres of which are 
within the NRSP subregion boundary.  The drainage watersheds are located within an area that is 
generally delineated by SR-126 and lower portions of San Martinez Grande and Chiquito 
Canyons on the north, the Magic Mountain Theme Park on the east, the crest of the Santa Susana 
Mountains on the south, and the Los Angeles/Ventura County line on the west.   
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With the exception of drainage crossings under SR-126, all of the tributaries within the NRSP 
subregion boundary are unimproved.  Each of the tributaries have been mapped as blue-line 
streams by the U.S. Geologic Survey (USGS).  While it is the intent of the USGS to indicate that 
blueline streams are flowing perennial streams, in arid states such as California, and particularly 
in Southern California, this is not always the case.  For example, the blueline stream in upper 
Potrero Canyon contains water only during the rainy periods; during non-rainy periods this 
stream contains no water and is an ephemeral drainage.  Aside from the lower portions of Salt 
and Potrero Canyons, each of the tributaries within the NRSP subregion is classified as an 
intermittent or ephemeral drainage2 (URS, 2006).   

Post-developed stormwater runoff will flow to four of the tributary drainages within the NRSP 
subregion boundary: Chiquito Canyon, San Martinez Grande Canyon, Long Canyon, and Potrero 
Canyon.  Middle Canyon, Magic Mountain Canyon, Homestead Canyon and other small 
ephemeral drainages located within the Newhall Ranch area will be incorporated into the storm 
drain system in the post-development condition (Figure 2-3).  The tributary drainages are 
described below. 

The majority of the tributaries’ watersheds are characterized by both rugged and steeply 
developed foothills that have numerous smaller tributary canyons that dissect the watershed, 
connecting to the narrow alluvial valley associated with the main stem drainage. Approximately 
90 percent or more of the watersheds' area consists of rugged foothill topography with the 
remainder being the narrow valley floor.  Generally, the soils in the watersheds are characterized 
as silty clay loams from both the Castaic and Saugus formations.  Also, the soils within the 
watersheds can be predominately classified as being in hydrologic soil group C (higher runoff 
potential) with exception of areas adjacent to the main stem drainages that are Type A (lower 
runoff potential) and Type B in the lower reaches. 

The 4.85 square mile (3,106 acre) Chiquito Canyon watershed is a tributary to the northern bank 
of the Santa Clara River.  Approximately 490 acres of Chiquito Canyon, or only 16% of the 
watershed area, is located within the NRSP boundary, with the majority being upstream of the 
NRSP boundary in the developed Val Verde community (PACE, 2006). The upper portion of the 
drainage is aligned in a general west to east direction while the lower portion of the drainage 
flows in a north to south direction.  The linear distance from the upper headwaters to the canyon 
mouth is approximately 28,318 feet, with an average overall slope of 0.031. The major natural 
main stem drainage course within the watershed has an average slope through the NRSP area of 
approximately 0.025.  The topography for the watershed varies from a maximum elevation of 
1,800 feet in the headwaters to a low elevation of 925 feet near the mouth of the canyon at the 
Santa Clara River valley.  The area surrounding the upper channel in Chiquito Canyon within the 
                                                 

2 Intermittent drainages carry flows due to seasonal high groundwater in addition to storm flows, while ephemeral 
drainages flow only in response to storm events. 
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Newhall Ranch project area is primarily comprised of agricultural land (URS, 2003).  In contrast 
to the vegetation found in the upper portion of Chiquito Canyon within the project area, the 
vegetation found in the downstream portion of the drainage within the project area is quite 
diverse, supporting scalebroom scrub, coast live oak woodlands, and Great Basin scrub.   

The 0.16 square mile (105 acre) Mid-Martinez Canyon watershed is a tributary to the northern 
bank of the Santa Clara River within the Newhall Ranch.  Approximately 67 acres of the 
watershed or 64% of the watershed area is located within the Newhall Ranch property boundary. 
The creek flows in a general north to south direction, similar in alignment to Grande Canyon and 
joining the Santa Clara River floodplain valley.  The distance from the upper headwaters to the 
canyon mouth is approximately 6,803 feet with an average overall slope of 0.07. The majority of 
the Mid-Martinez Canyon watershed is characterized by both rugged and steeply developed 
foothills.  Generally, the soils in the watershed are characterized as Zamora Loam.  Also, the 
soils within the Mid-Martinez Canyon watershed can be predominately classified as being in 
hydrologic soil group B (lower runoff potential).  The associated vegetative cover within the 
watershed varies, but primarily consists of California sagebrush scrub and agriculture.   

The four square mile (2,569 acre) San Martinez Grande Canyon watershed is also tributary to the 
northern bank of the Santa Clara River.  Approximately 473 acres of San Martinez Grande 
Canyon, or only 18% of the watershed area, is located within the NRSP boundary, with the 
majority being upstream of the NRSP boundary.  The drainage in the headwaters is aligned in a 
general west to east direction, while the lower portion of the drainage flows in a north to south 
direction, similar in alignment to Chiquito Canyon.  The linear distance from the upper 
headwaters to the canyon mouth is approximately 20,000 feet, with an average overall slope of 
0.059 (PACE, 2006).  The major natural main stem drainage course within the watershed has an 
average slope in the lower reaches of the watershed of approximately 0.022.  The topography for 
the watershed varies from a maximum elevation of 2,062 feet in the headwaters to a low 
elevation of 890 feet near the mouth of the canyon at the Santa Clara River.  The San Martinez 
Grande watershed contains a diverse variety of habitats including Great Basin scrub, mule fat 
scrub, coastal sage scrub, and some grassland (URS, 2003). Two small patches of elderberry 
scrub exist near the northern boundary of the project footprint.  The area just upstream of the 
Santa Clara River confluence is dominated by arrow weed scrub.  San Fernando Valley 
spineflower was also found to be present within this watershed.  The northern, upstream reaches 
of the drainage are dominated by coastal sage scrub on the west bank, and by grassland on the 
east.  The channel then flows through areas of alluvial scrub and coastal sage scrub, and through 
agricultural fields to the Santa Clara River. 

The 0.92 square mile (587 acre) Off-Haul Canyon watershed is a tributary to the northern bank 
of the Santa Clara River within the Newhall Ranch.  Approximately 470 acres of the watershed 
or 80% of the watershed area is located within the Newhall Ranch property boundary. The creek 
flows in a general north to south direction, similar in alignment to Grande Canyon and joining 
the Santa Clara River floodplain valley.  The distance from the upper headwaters to the canyon 
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mouth is approximately 9,094 feet with an average overall slope of 0.12. The majority of the 
Off-Haul Canyon watershed is characterized by both rugged and steeply developed foothills.  
Generally, the soils in the watershed are characterized as Castaic-Balcom silty clay loams.  Also, 
the soils within the Off-Haul Canyon watershed can be predominately classified as being in 
hydrologic soil group C (higher runoff potential).  The associated vegetative cover within the 
watershed varies, but primarily consists of California annual grassland and agriculture.  

 The 0.12 square mile (75 acre) Homestead Canyon watershed is a tributary to the northern bank 
of the Santa Clara River within the Newhall Ranch.  Approximately 75 acres of the watershed or 
100% of the watershed area is located within the Newhall Ranch property boundary. The creek 
flows in a general north to south direction, similar in alignment to San Martinez Grande Canyon 
and joining the Santa Clara River floodplain valley.  The distance from the upper headwaters to 
the canyon mouth is approximately 3,606 feet with an average overall slope of 0.65. The 
majority of the Homestead Canyon watershed is characterized by both rugged and steeply 
developed foothills.  Generally, the soils in the watershed are characterized as Castaic-Balcom 
silty clay loams.  Also, the soils within the Homestead Canyon watershed can be predominately 
classified as being in hydrologic soil group C (higher runoff potential).  The associated 
vegetative cover within the watershed varies, but primarily consists of California annual 
grassland and agriculture.   

The 1.32 square mile (847 acre) Magic Mountain Canyon watershed is a tributary to the southern 
bank of the Santa Clara River within the Newhall Ranch.  Approximately 178 acres of the 
watershed or 27% of the watershed area is located within the Newhall Ranch property boundary. 
The creek flows in a general south to north direction and joining the Santa Clara River floodplain 
valley.  The distance from the upper headwaters to the canyon mouth is approximately 13,700 
feet with an average overall slope of 0.02. The majority of the Magic Mountain Canyon 
watershed is characterized by both rugged and steeply developed foothills.  Generally, the soils 
in the watershed are characterized as Castaic and Saugus soils and Castaic-Balcom silty clay 
loams.  Also, the soils within the Magic Mountain Canyon watershed can be predominately 
classified as being in hydrologic soil group C (higher runoff potential).  The associated 
vegetative cover within the watershed varies, but primarily consists of California sagebrush 
scrub and disturbed land. 

The 0.53 square mile (340 acre) Middle Canyon watershed is a tributary to the southern bank of 
the Santa Clara River within the Newhall Ranch.  Approximately 272 acres of the watershed or 
80% of the watershed area is located within the Newhall Ranch property boundary. The creek 
flows in a general east to west direction, similar in alignment to Long Canyon and joining the 
Santa Clara River floodplain valley.  The distance from the upper headwaters to the canyon 
mouth is approximately 9,952 feet with an average overall slope of 0.05. The majority of the 
Middle Canyon watershed is characterized by both rugged and steeply developed foothills.  
Generally, the soils in the watershed are characterized as Castaic-Balcome silty clay loams.  
Also, the soils within the Middle Canyon watershed can be predominately classified as being in 
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hydrologic soil group C (higher runoff potential).  The associated vegetative cover within the 
watershed varies, but primarily consists of California sagebrush scrub and disturbed land.    

The 0.19 square mile (124 acre) Dead-End Canyon watershed is a tributary to the southern bank 
of the Santa Clara River within the Newhall Ranch.  Approximately 124 acres of the watershed 
or 100% of the watershed area is located within the Newhall Ranch property boundary. The 
creek flows in a general east to west direction, similar in alignment to Long Canyon and joining 
the Santa Clara River floodplain valley.  The distance from the upper headwaters to the canyon 
mouth is approximately 3,173 feet with an average overall slope of 0.13. The majority of the 
Dead-End Canyon watershed is characterized by both rugged and steeply developed foothills.  
Generally, the soils in the watershed are characterized as Castaic-Balcom silty clay loams.  Also, 
the soils within the Dead-End Canyon watershed can be predominately classified as being in 
hydrologic soil group C (high runoff potential).  The associated vegetative cover within the 
watershed varies, but primarily consists of California sagebrush scrub and disturbed land.   

The 0.03 square mile (16 acre) Exxon Canyon watershed is a tributary to the southern bank of 
the Santa Clara River within the Newhall Ranch.  Approximately 16 acres of the watershed or 
100% of the watershed area is located within the Newhall Ranch property boundary. The creek 
flows in a general east to west direction, similar in alignment to Long Canyon and joining the 
Santa Clara River floodplain valley.  The distance from the upper headwaters to the canyon 
mouth is approximately 1,876 feet with an average overall slope of 0.22. The majority of the 
Exxon Canyon watershed is characterized by both rugged and steeply developed foothills.  
Generally, the soils in the watershed are characterized as Saugus loam.  Also, the soils within the 
Exxon Canyon watershed can be predominately classified as being in hydrologic soil group B 
(lower runoff potential).  The associated vegetative cover within the watershed varies, but 
primarily consists of California sagebrush scrub and disturbed land.   

The 1.8 square mile (1,124 acre) Lion Canyon watershed is tributary to the southern bank of the 
Santa Clara River.  Approximately 859 acres of Lion Canyon, or 76% of the watershed area, is 
located within the NRSP boundary, with the remainder being upstream in the Legacy Village 
subregion (see Figure 2-1). The drainage in the headwaters is aligned in a general southwest to 
northeast direction.  The distance from the upper headwaters to the canyon mouth is 
approximately 7,900 lineal feet with an average overall slope of 0.057 (PACE, 2006).  The major 
natural main stem drainage course within the watershed has an average slope in the lower 
reaches of the watershed of approximately 0.049.  The topography for the watershed varies from 
a maximum elevation of 1,400 feet in the headwaters to a low elevation of 946 feet near the 
mouth of the canyon at the Santa Clara River valley.  The upper reaches of the Lion Canyon 
watershed, which contains several branches, contains mostly mixed chaparral and coastal sage 
scrub habitat (URS, 2003).  Along the channel, alluvial scrub, live oak woodland, grassland, 
scalebroom scrub, and chamise chaparral  are present. The two easternmost branches of this 
drainage also contain great basin scrub, which is absent from the watershed of the western 
branch. 
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The 0.41 square mile (261 acre) Humble Canyon watershed is a tributary to the southern bank of 
the Santa Clara River within the Newhall Ranch.  Approximately 253 acres of the watershed or 
97% of the watershed area is located within the Newhall Ranch property boundary. The creek 
flows in a general east to west direction, similar in alignment to Long Canyon and joining the 
Santa Clara River floodplain valley.  The distance from the upper headwaters to the canyon 
mouth is approximately 5,919 feet with an average overall slope of 0.10. The majority of the 
Humble Canyon watershed is characterized by both rugged and steeply developed foothills.  
Generally, the soils in the watershed are characterized as Castaic and Saugus soils.  Also, the 
soils within the Humble Canyon watershed can be predominately classified as being in 
hydrologic soil group C (higher runoff potential).  The associated vegetative cover within the 
watershed varies, but primarily consists of agriculture and chaparral.   

The two square mile (1,295 acre) Long Canyon watershed is also tributary to the southern bank 
of the Santa Clara River.  Approximately 845 acres of Long Canyon, or 65% of the watershed 
area, is located within the NRSP boundary, with the remainder being upstream in the Legacy 
Village subregion (see Figure 2-1). The drainage in the headwaters is aligned in a general west to 
east direction.  The distance from the upper headwaters to the canyon mouth is approximately 
18,350 lineal feet, with an average overall slope of 0.052 (PACE, 2006).  The major natural main 
stem drainage course within the watershed has an average slope in the lower reaches of the 
watershed of approximately 0.11.  The topography for the watershed varies from a maximum 
elevation of 2,600 feet in the headwaters to a low elevation of 930 feet near the mouth of the 
canyon at the Santa Clara River valley.  Both sides of this watershed contain habitat types 
comprised primarily of coastal sage scrub, with small pockets of chamise chaparral, and 
grassland present (URS, 2003). Within the stream channel, there is a mixture of grassland, 
elderberry scrub, live oak woodland, alluvial scrub, great basin scrub, mixed chaparral, and 
alluvial scrub. 

The 0.2 square mile (147 acre) Ayres Canyon watershed is a tributary to the southern bank of the 
Santa Clara River within the Newhall Ranch.  Approximately 147 acres of the watershed or 
100% of the watershed area is located within the Newhall Ranch property boundary. The creek 
flows in a general east to west direction, similar in alignment to Potrero Canyon and joining the 
Santa Clara River floodplain valley.  The distance from the upper headwaters to the canyon 
mouth is approximately 6,972 feet with an average overall slope of 0.01. The majority of the 
Ayres Canyon watershed is characterized by both rugged and steeply developed foothills.  
Generally, the soils in the watershed are characterized as Castaic and Saugus soils.  Also, the 
soils within the Ayres Canyon watershed can be predominately classified as being in hydrologic 
soil group B/C (moderate runoff potential).  The associated vegetative cover within the 
watershed varies, but primarily consists of California sagebrush scrub (black sage) and 
agriculture.    

The 4.7 square mile (3,034 acre) Potrero Canyon watershed is also tributary to the southern bank 
of the Santa Clara River.  Approximately 2,643 acres of Long Canyon, or 87% of the watershed 
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area, is located within the NRSP boundary, with the remainder being upstream in the Legacy 
Village subregion.  The lower Potrero Canyon drainage extends approximately 18,270 feet 
upstream from the canyon mouth at the Santa Clara River valley to the NRSP boundary.  The 
geomorphology of the active drainage reflects a more highly variable and sinuous alignment that 
reflects the influence of the physical and topographic features (PACE, 2006).  There is also a 
steady variation of the active channel geometry (i.e. width and depth) along this relatively short 
reach of channel, with the active portion of the drainage being more deeply incised below the 
canyon valley floor.  The floodplain is generally entirely contained within the active drainage 
banks and there is little overbank flow. The changes in drainage geometry and form may indicate 
influences from the upper watershed that affect the sediment delivery.  The changes in channel 
geometry are also reflected in coincidental variations of the streambed slope.  The slope 
variations are generally higher in the contractions of the channel geometry and flatter in the 
expansion areas, upstream and downstream. The average streambed slope of the channel 
indicated by the topographic data is approximately 0.024.  The average slopes ranges from 0.055 
in the contraction to 0.011.  The upstream 500 feet has a less defined active channel and a much 
wider canyon floor that reflects depositional area, also the increased floodplain vegetation within 
this zone.  Habitat types in the Potrero Canyon drainage are comprised primarily of grassland 
and coastal sage scrub, although a wide variety of habitat is represented (URS, 2003).  Live oak 
woodland, mule fat scrub, great basin scrub, mesic meadow, elderberry scrub, and valley oak 
woodland are all present within the Potrero watershed, along with agricultural land. 

The 9.2 square mile (5,859 acre) Salt Creek Canyon watershed is a tributary to the southern bank 
of the Santa Clara River within the Newhall Ranch.  Approximately 3808 acres of the watershed 
or 65% of the watershed area is located within the Newhall Ranch property boundary. The creek 
flows in a general east to west direction, similar in alignment to Potrero Canyon and joining the 
Santa Clara River floodplain valley.  The distance from the upper headwaters to the canyon 
mouth is approximately 205,701 feet with an average overall slope of 0.10. The majority of the 
Salt Creek Canyon watershed is characterized by both rugged and steeply developed foothills.  
Generally, the soils in the watershed are characterized as Gaviota rocky sandy loam.  Also, the 
soils within the Salt Creek Canyon watershed can be predominately classified as being in 
hydrologic soil group C/D (higher runoff potential).  The associated vegetative cover within the 
watershed varies, but primarily consists of burned California sagebrush scrub and burned 
chaparral.   

2.2.4. Receiving Water Beneficial Uses 

The Water Quality Control Plan for the Los Angeles Region (Basin Plan) (LARWQCB, 1994, as 
amended) lists beneficial uses of major water bodies within this region (Table 2-3).  The Santa 
Clara River Reach 5 is listed and has specific beneficial uses assigned to it.  As identified in 
Table 2-3, the existing beneficial uses of Santa Clara River Reach 5 include the following: 

• MUN*: Conditional potential municipal and domestic water supply 
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• IND:  Industrial activities that do not depend primarily on water quality 

• PROC:  Industrial activities that depend primarily on water quality 

• AGR:  Agricultural supply waters used for farming, horticulture, or ranching 

• GWR:  Groundwater recharge for natural or artificial recharge of groundwater 

• FRSH:  Natural or artificial maintenance of surface water quantity or quality 

• REC1:  Water contact recreation involving body contact with water and ingestion is 
reasonably possible 

• REC2:  Non-contact water recreation for activities in proximity to water, but not 
involving body contact 

• WARM:  Warm freshwater habitat to support warm water ecosystems 

• WILD:  Wildlife habitat waters that support wildlife habitats 

• RARE:  Waters that support rare, threatened, or endangered species and associated 
habitats 

• WET:  Wetland ecosystems 

Table 2-3: Beneficial Uses of Surface Receiving Waters 
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Santa Clara River (Hydrologic Unit 403.51) P* E E E E E E E E E E E 
1Waterbodies designated as WET may have wetlands habitat associated with only a portion of the waterbody.  Any 
regulatory action would require a detailed analysis of the area. 
E – Existing beneficial use; P * – Asterixed MUN designations are conditional potential MUN designations3. 
Source:  Water Quality Control Plan for the Los Angeles Region (Basin Plan) (LARWQCB, 1994, as amended) 

                                                 

3 On December 5, 2001, the U.S. Federal District Court issued an order that effectively invalidated EPA’s 
requirement that the asterisked MUN designated uses (MUN* uses) in the Los Angeles Basin Plan be immediately 
enforced.  See Order granting plaintiffs’ motion for summary judgment and remanding action to EPA, No. CV 00-
08919 R(RZx), City of Los Angeles et al. v. United States Environmental Protection Agency…, dated December 18, 
2001.  See also letter dated February 15, 2002, from Alexis Strauss, USEPA Region IX, to Celeste Cantu, Executive 
Director, California SWRCB:  “…waters identified with an (“*”) in Table 2-1 do not have an MUN as a designated 
use until such time as the State undertakes additional study and modifies its Basin Plan.”  EPA also stated that this 
conditional use designation has no legal effect. 
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2.3. Existing Surface Receiving Water Quality 

Due to the size of the study area and the highly variable nature of wet weather surface water 
quality in the Santa Clara River throughout the study area, it was not appropriate to summarize 
water quality data for a single timeframe or location in order to establish baseline water quality 
conditions.  As discussed above, flows in the Santa Clara River are highly episodic in nature and 
this characteristic can affect surface water quality considerably.  The data summarized below, 
however, is recent and provides an accurate and reasonable characterization of existing water 
quality conditions that exist in the Project area.  Data collected by the USGS at the Ventura/Los 
Angeles County line also summarized below provides historical perspective of water quality 
within the Santa Clara River at the downstream Project boundary. 

Wet and dry weather surface water quality in the Project area was characterized from available 
water quality monitoring data obtained from the following four sources: 

1. Newhall Ranch Tributary Stormwater Monitoring.  Two storm events in March 2000 
were monitored by the Newhall Ranch in five tributaries to the Santa Clara River within 
the NRSP area: Potrero Canyon, Long Canyon, San Martinez Grande Canyon, Middle 
Canyon, and Chiquito Canyon.  Although limited, this data is relevant in terms of 
characterizing the existing stormwater runoff within the Santa Clara River tributaries 
within the NRSP area as the conditions within these watersheds have not been altered 
since 2000.  Four of the five tributaries (all but Middle Canyon) will receive post-
developed flows from the NRSP area.   

2. Newhall Ranch WRP.  The Newhall Ranch is required by the LARWQCB to conduct 
pre-startup water quality monitoring at upstream and downstream locations from the 
outfall of the approved Newhall Ranch WRP for the Newhall Ranch WRP individual 
NPDES Permit and Waste Discharge Requirements (WDRs) application.  Summarized 
wet weather monitoring data were collected from two stations in the Santa Clara River 
from the spring of 2004 until the spring of 2006: one station is near the downstream 
boundary of the NRSP area near to the proposed WRP outfall location, and the second is 
about 2.5 miles further downstream.  

3. LA County Monitoring.  The County of Los Angeles conducts in-stream water quality 
monitoring on the mainstem of the Santa Clara River at a mass emission station located at 
The Old Road, at the upstream boundary of the Project area.  Wet weather monitoring 
data are available from November 2002 through February 2007.  The Los Angeles 
County monitoring data are the most current and are the only source of wet weather 
monitoring in the Santa Clara River immediately upstream of the NRSP area. 

4. USGS Monitoring.  The USGS collected a large number of water quality data in the 
Santa Clara River near the Ventura/Los Angeles County line from 1951 through 1995.  
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These data provide a historical perspective of wet weather water quality in the Santa 
Clara River immediately downstream of the NRSP area.   

2.3.1. Wet Weather Water Quality Monitoring 

2.3.1.1. Wet Weather Monitoring Locations and Rainfall Conditions 

NRSP Area Stormwater Monitoring.  Newhall Land conducted stormwater monitoring of 
tributary streams in the NRSP area to characterize the existing surface water quality during wet 
weather conditions (the monitoring data is provided in Appendix C).  Stormwater samples were 
collected during two storm events in March 2001 at five monitoring locations (Stations A-E) 
shown on Figure 2-1.  Three of the five monitoring stations were located at the mouths of SCR 
tributaries in Potrero Canyon (Sta. A), San Martinez Grande Canyon (Sta. B), and Middle 
Canyon (Sta. D).  The other two monitoring stations were located on tributaries upstream from 
the mainstem of the SCR; one was just downstream of the community of Val Verde in Chiquito 
Canyon (Sta. E) and one was on an unnamed tributary in Long Canyon, ¼ mile upstream of the 
‘Onion Field’ (Sta. C).  Aside from Station E, which is downgradient of existing residential 
development, the land uses in the areas tributary to the Stations A, B, C, and D are 
predominately open space with some agriculture and oil and gas operations. 

Table 2-4 lists the rainfall depth and duration of the two monitored storm events.  The first storm 
was a small event (0.2 inches) that was likely just large enough to result in stormwater runoff.  
The depth of the second event was larger and slightly larger than the median storm depth (0.6 
inches) at the nearby National Climatic Data Center (NCDC) Newhall rain gauge (see location 
on Figure 2-1).  The median depth of 0.6 inches is based on a storm event analysis which 
identified 543 storms exceeding 0.1 inches that occurred from October 1968 to December 2006. 
The average storm duration in the 38-year Newhall gage rainfall record is 11.3 hours. 

Table 2-4: Depth and Duration of Storms Monitored at Project Site 
Date Depth (in)1 Duration (hours)1 

03/06/01 0.2 3 

03/08/01 0.7 10 
1 Based on rainfall measured at the Newhall rain gauge. 

 

Newhall Ranch WRP Pre-Startup Monitoring.  Newhall Land has conducted pre-startup 
receiving water quality monitoring for the approved Newhall Ranch WRP (Newhall, 2006) at 
two locations in the SCR (see Figure 2-1):   

• NR1 is located in the SCR 300 feet upstream of the WRP outfall location, and  
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• NR3 is located in the SCR approximately 7,500 feet downstream of the WRP outfall.   

Five storms with rainfall depths ranging from 0.1 to 0.6 inch were sampled at NR1 and NR3 and 
one very large storm with a depth of 4.45 inches was sampled at NR3 (Table 2-5).  Grab 
sampling methods were used.    

Table 2-5: Depth and Duration of Storms Monitored for Newhall Ranch WRP 
Date Storm Depth (in) Duration (hours) 

12/07/04(1) 0.12 6 

2/17/05(2) 0.60 12 

2/18/05 (2) 4.45 12 

11/9/05(1) 0.12 6 

11/10/05(2) 0.20 1 

2/17/06(1) 0.32 7 
1Depth and duration measured at the Newhall rain gauge, 2 Estimated due to lack of gage data  

 

LA County Department of Public Works Monitoring Data.  The Los Angeles County 
Department of Public Works (LACDPW) has conducted dry and wet weather monitoring in the 
Santa Clara River for five wet seasons - from 2002 through 2007  (LACDPW, 2003 - 2007).  The 
monitoring station (S29) is located in the Santa Clara River at The Old Road (Figure 2-1).  It is 
approximately two miles upstream from the eastern boundary of the NRSP area.  The monitoring 
station is downstream of the Saugus Water Reclamation Plant and the City of Santa Clarita and 
upstream of the Valencia Water Reclamation Plant.  The monitoring station is intended to 
provide long-term information about water quality trends in areas with heterogeneous land uses 
and has a tributary area of 411 square miles.   

Monitoring at the mass emission station included nineteen storm events.  Composite samples 
were collected for most parameters, except grab sampling was used for bacteria, oil and grease, 
and cyanide analyses.  The Santa Clara River Station is not automated so composite samples 
were obtained by sampling discretely every twenty minutes for the first three hours of the storm, 
and then mixing the discrete samples in the laboratory in proportion to the measured flow rates.  
Table 2-6 lists the rainfall depths and durations of the nineteen monitored storm events based on 
hourly rainfall measurements at the Newhall rain gage.  The depth of eight of the ten storms was 
greater than the median storm depth for the Newhall rain gage (0.60 inches).  In particular, storm 
events beginning on 2/11/03 and 1/7/05 were very large events, with total storm depths of 8.0 
and 9.99 inches, respectively.   
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Table 2-6: Depth and Duration of Storms Monitored by LACDPW at S29 
Date Depth (inches)1 Duration (hours)1 

11/8/02 1.6 21 

12/16/02 1.9 5 

2/11/03 8.0 32 

3/15/03 2.0 16 

10/31/03 0.30 4 

12/25/03 1.80 14 

1/2/04 0.4 9 

10/17/04 0.64 7 

10/26/04 2.22 13 

1/7/05 9.99 92 

10/17/05 1.61 14 

12/31/05 0.6 4 

1/14/06 0.08 2 

2/17/06 0.32 7 

12/9/06 0.47 2 

12/16/06 0.12 2 

1/30/07 0.44 16 

2/19/07 0.24 5 

2/22/07 0.32 3 
1 Based on rainfall measured at the Newhall rain gage 

 

USGS Water Quality Monitoring Data.  The US Geological Survey (USGS) has collected 
stream flow and water quality data at a number of locations in the SCR watershed 
(http://waterdata.usgs.gov/nwis).  Among the largest data sets are flow and water quality data 
collected at USGS station 11108500 located on the Santa Clara River just downstream of the Los 
Angeles / Ventura County Line.  This station is located approximately one mile downstream of 
the NRSP area (Figure 2-1), and downstream of both existing Water Reclamation Plants.  The 
USGS collected water quality data between April 1951 and October 1995, probably using depth 
integrated sampling.  These data thus provide a historical perspective of water quality in the SCR 
within the NRSP area. 
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Data presentation.  To facilitate interpretation, the wet weather water quality data were grouped 
into two categories depending on the depth of 2-day antecedent rainfall measured at the Newhall 
rain gauge: 

1. 0.1 – 1 inches.  Rainfall depths that would likely produce runoff volumes characteristic 
of more frequent, smaller storm events. 

2. > 1 inch.  Rainfall depths that would likely produce runoff volumes characteristic of 
larger, less frequent storm events. 

2.3.1.2. Selected General Constituents  

The selected general constituents examined were total suspended solids (TSS), total dissolved 
solids (TDS), hardness, and chloride (see Section 4 for a discussion of pollutant selection).  TSS 
is a measure of the particulate matter suspended in water.  Total dissolved solids (TDS) are a 
measure of the dissolved cations and anions, primarily inorganic salts (calcium, magnesium, 
potassium, sodium, chlorides and sulfates).  TDS is an impairing pollutant in Reach 3 of the SCR 
as listed in the State’s 2006 303(d) list of impaired water bodies.  High TDS levels can impair 
agricultural, municipal supply, and groundwater recharge beneficial uses.  

Hardness and chloride are important components of TDS.  Hardness is a measure of the 
polyvalent cations, primarily calcium and magnesium.  It is expressed as an equivalent 
concentration of calcium carbonate (CaCO3).  Hardness measurements are important because the 
toxicity of metals (and the associated water quality objectives) decreases as hardness increases.  
Chloride comprises a large proportion of the TDS.  High levels of chloride in Santa Clara River 
Reaches 3, 5, and 6 are causing impairment of listed beneficial uses for agricultural irrigation.  
Irrigation of salt sensitive crops, such as avocados and strawberries, with water containing 
elevated levels of chloride can result in reduced crop yields 

Results for concentrations of TSS, TDS, chloride, and hardness for the four datasets are listed in 
Tables 2-7 through 2-10.  Rather than measuring TDS, the USGS station has recorded specific 
conductance (that is, the extent to which the sample conducts an electric current), which is 
related to TDS concentration.  TDS concentration can be estimated as 0.55 to 0.9 times the 
specific conductance (Sawyer et al, 1994).   
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Table 2-7: Average Concentrations of Selected Constituents from Newhall Ranch 
Tributary Stormwater Monitoring, March 2001 

Constituent 

Site A 
Mouth of 
Potrero 

Site B 
Mouth of  San 

Martinez 
Grande 

Site C 
Long Canyon 
Upstream of 
Onion Field 

Site D 
Mouth of 
Middle 
Canyon 

Site E 
Middle of 
Chiquito 

TSS (mg/L) 835 41,100 36,000 5,650 6,645 

TDS (mg/L) 7,380 2,825 190 160 205 

Hardness (mg/L as CaCO3) 2,225 1,205 147 59 107 

Chloride (mg/L) 870 125 3 3 11 

 

Table 2-8: Newhall Ranch WRP Startup Wet Weather Water Quality Data for Selected 
General Constituents in the Santa Clara River, 2004 - 2006 

Constituent 
2-day Antecedent 
Rainfall (inches) 

Sample 
Site 

No. of 
Samples 

No. of 
Detects 

Minimum 
(mg/L) 

Maximum 
(mg/L) 

Average 
(mg/L) 

NR1 5 5 32 107 58 
0.1 – < 1.0 

NR3 5 5 32 235 112 TSS  

≥ 1.0 NR3 1 1 - - 43,360 

NR1 5 5 622 1,136 855 
0.1 – < 1.0 

NR3 5 5 698 2,020 1,076 TDS 

≥ 1.0 NR3 1 1 - - 2,100 

NR1 5 5 304 464 387 
0.1 – < 1.0 

NR3 5 5 352 670 475 
Hardness  

(mg/L as CaCO3) 
≥ 1.0 NR3 1 1 - - 832 

NR1 2 2 84 117 100 
0.1 – < 1.0 

NR3 2 2 89 121 105 Chloride 

≥ 1.0 NR3 1 1 46 46 46 

- = no or insufficient data 
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Table 2-9: LACDPW Stormwater Monitoring for Selected General Constituents at the 
SCR Mass Emission Station (S29), 2002 -2007 

Constituent 
2-day Antecedent Rainfall 

(in) 
No. of 

Samples 
No. of 

Detects 
Minimum 

(mg/L) 
Maximum 

(mg/L) 
Average 
(mg/L) 

0.1 – < 1.0 11 11 135 2,202 845 
TSS  

≥ 1.0 8 8 53 6,591 1,635 

0.1 – < 1.0 11 11 174 732 458 
TDS  

≥ 1.0 8 8 28 364 216 

0.1 – < 1.0 11 11 90 428 249 
Hardness  

≥ 1.0 8 8 15 170 108 

0.1 – < 1.0 11 11 17 118 68 
Chloride  

≥ 1.0 8 8 3 52 24 

 

Table 2-10: USGS Water Quality Data for Selected General Constituents in the Santa 
Clara River at the County Line, 1951 – 1995  

Constituent 
2-day Antecedent 
Rainfall (inches) 

No. of 
Samples No. of Detects Minimum Maximum Average 

0.1 – < 1.0 10 10 248 4,730 2,291 
TSS (mg/L) 

≥ 1.0 41 41 107 51,200 10,711 

0.1 – < 1.0 33 33 831 4,220 2,246 Specific 
Conductance 
(uS/cm) ≥ 1.0 42 42 637 3,240 1,309 

0.1 – < 1.0 27 27 270 1,500 773 
Hardness  (mg/L) 

≥ 1.0 37 37 250 1,200 546 

0.1 – < 1.0 34 34 21 290 122 
Chloride (mg/L) 

≥ 1.0 39 39 14 192 61 

 

TSS.  It is generally expected that TSS concentrations in alluvial streams can be greatly elevated 
during storm runoff because of the combination of high sediment supply and a high capacity for 
instream transport and erosion.  TSS concentrations in Table 2-7 to 2-10 are sometimes very 
high, due to the highly erodible, easily transportable, sandy alluvial soils and sediments.  High 
TSS concentrations were measured at some of the tributary canyons (Table 2-7), and were also 
observed in the SCR (Table 2-9 and Table 2-10).  These later results show the capacity of high 
flows in the Santa Clara River for sediment transport and are consistent with other data showing 
that large rainfall events result in a “reset” of the main channel.  As concluded by Balance 
Hydrologics (2005), concepts of “normal” or “average” sediment-supply and flow conditions 
have limited value in this “flashy” environment, where episodic storm and wildfire events have 
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enormous influence on sediment and storm flow conditions. In the  Santa Clara River, a large 
portion of sediment movement events can occur in a matter of hours or days. 

Average and maximum concentrations are much higher for the larger storms than the smaller 
storms.  The average TSS concentrations for the larger storms were greater at the lower SCR 
sites (NR-1, NR-3, USGS) than at the upstream LACDPW Mass Emission Station.  This may 
reflect the difference in sampling techniques (grab sample versus composite sample), and/or 
occasionally large inputs of TSS from tributaries, such as some of those draining through the 
NRSP area (Table 2-7).  It may also reflect a lower river bed gradient (and hence better settling 
characteristics) of the SCR near the LACDPW station.   

TDS.  Stormwater monitoring data collected in the NRSP tributaries (Table 2-7) show greatly 
differing TDS levels among the five monitoring stations.  Measured TDS concentrations were 
very high at Sites A and B, while TDS concentrations at the other three sites were low.  Elevated 
TDS levels in runoff at Site A and B are likely a result of the natural soil properties of the marine 
layers of the Pico formation, and the high groundwater table conditions in these two canyons, 
suggesting that groundwater discharges to the channels contributed to the elevated TDS levels.   
These greatly differing dissolved solid (TDS) concentrations are also reflected in some of the 
components that make up the TDS (chloride and hardness) as described below.   

Average concentration of TDS in the Santa Clara River were moderate to high, ranging from 216 
mg/L to 2,100 mg/L.  The Basin Plan objective for TDS in Santa Clara River Reach 5 is 1,000 
mg/L.  Using an estimate of 0.64 times the specific conductance for the USGS data, the TDS 
concentrations at this station averaged around 1,400 mg/L for storm flows.  Much higher average 
concentrations were observed at the three downstream SCR stations (NR-1, NR-3, USGS) 
compared with the upstream LACDPW station, and this could be due to their location 
downstream of Potrero Canyon and San Martinez Grande Canyon (Sites A and B), with their 
much higher TDS content.   

Hardness.  Hardness is a measure of the multivalent metallic cations in water, principally 
calcium, magnesium, strontium, iron, and manganese (Sawyer et al, 1994).  These cations are 
capable of reacting with soap to form precipitates and with certain anions to form scale.  The 
hardness in water is derived largely from contact with soil and rock formations, and affects the 
CTR values for certain metals as discussed above.  Waters with a hardness concentration from 
150 mg/L to 300 mg/L as CaCO3 are considered hard; waters with a hardness concentration 
above 300 mg/L as CaCO3 are considered very hard. 

The stormwater monitoring data for hardness were analogous to the data for TDS.  Hardness 
concentrations were very high at the tributary Sites A and B, and low to moderate at the other 
three tributary sites.  High hardness at Sites A and B are likely due to natural high levels of 
calcium and magnesium in the local soils (such as lime and gypsum deposits), and the high 
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groundwater table conditions in these two canyons, suggesting again that groundwater discharges 
contributed to the elevated hardness levels.  

In the SCR, average hardness values were greater downstream (NR3, NR1, USGS sites – Table 
2-8 and 2-10) than at the LACDPW station (Tables 2-9).  This is most likely due to the influence 
of tributary inflows of high hardness waters (such as measured at Sites A and B – Table 2-6), 
other groundwater inputs, and agricultural return flows that enter the Santa Clara River between 
these stations.  However, the magnitude of hardness concentrations was somewhat inconsistent, 
with the USGS station (Table 2-10) showing higher average hardness concentrations than those 
measured at NR-1 and NR-3 (Table 2-8) in the smaller storms, but the opposite in the larger 
storms.   

Except for at NR1 and NR3, the average hardness concentration decreased with larger antecedent 
rainfall depth, as was found for TDS concentrations.      

Chloride.  Similar to TDS and hardness, monitoring data collected in the NRSP tributaries 
(Table 2-7) found very high chloride concentrations at Site A, high levels at Site B, and low 
concentrations at the remaining three sites. 

As with the other dissolved ionic parameters (TDS and hardness), the average chloride 
concentrations at the LACDPW station (Table 2-9) were lower than those measured at 
downstream sites (NR1, NR3, USGS – Table 2-8 and 2-10).  As described previously, this is 
likely due to differences in salt content of local soils. 

Overall, the average chloride concentrations during recent stormwater monitoring were highly 
variable and ranged between 3 mg/L and 125 mg/L, with the exception of the very high chloride 
concentrations detected at the mouth of Potrero Canyon (Site A).  Average chloride 
concentration at the USGS station was about 61 mg/L for storm flows.  The average chloride 
concentration observed in the larger storms at all of the SCR stations were lower than the Basin 
Plan objective for chloride of 100 mg/L, while the average chloride concentrations in the smaller 
storms were above the Basin Plan objective at the downstream monitoring stations.   

2.3.1.3. Nutrients 

The major nutrients nitrogen and phosphorus are described here.  Phosphorus was measured as 
total phosphorus (TP) and sometimes as dissolved phosphorus.  Dissolved phosphorus is the 
more bioavailable form of phosphorus compared to TP, which is often made up of a high 
proportion of particulate phosphorus.  Nitrogen is measured variously as nitrate, nitrite, 
ammonia, and total Kjeldahl nitrogen (TKN).  TKN is the measure of ammonia plus the organic 
forms of nitrogen.   Nitrate, nitrite, and ammonia are the more bioavailable forms of nitrogen, 
and of these, nitrate (or nitrate + nitrite) has the higher concentration in natural waters and is 
more important than ammonia as a nutrient.  Tables 2-11 through 2-14 summarize available data 
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for these nutrients.  Only nitrate was measured in the Newhall Ranch Tributary Stormwater 
Monitoring. 

Table 2-11: Average Concentrations of Nitrate from Newhall Ranch Tributary Stormwater 
Monitoring, March 2001  

Constituent 

Site A 
Mouth of 
Potrero 

Site B 
Mouth of  

San Martinez 
Grande 

Site C 
Long Canyon 
Upstream of 
Onion Field 

Site D 
Mouth of 
Middle 
Canyon 

Site E 
Middle of 
Chiquito 

Nitrate + Nitrite-N  
(mg/L) 17.5 3.0 1.6 15.3 2.8 

 

Table 2-12: Newhall Ranch WRP Pre-Startup Wet Weather Water Quality Data for 
Selected Nutrients in the Santa Clara River, 2004 - 2006  

Constituent 

2-day 
Antecedent 

Rainfall (inches) 
Sample 

Site 
No. of 

Samples 
No. of 

Detects 
Minimum 

(mg/L) 
Maximum 

(mg/L) 
Average 
(mg/L) 

NR1 5 5 0.4 0.5 0.4 
0.1 – < 1.0 

NR3 5 5 0.3 0.7 0.4 Total Phosphorus 

≥ 1.0 NR3 1 1 13.4 13.4 13.4 

NR1 5 5 1.9 4.8 3.2 
0.1 – < 1.0 

NR3 5 5 2.3 3.7 3.0 Nitrate as N  

≥ 1.0 NR3 1 1 1.4 1.4 1.4 

NR1 5 0 <0.005 <0.005 - 
0.1 – < 1.0 

NR3 5 0 <0.005 <0.005 - Nitrite as N  

≥ 1.0 NR3 1 0 <0.005 <0.005 - 

NR1 5 4 <0.005 0.3 0.2 
0.1 – < 1.0 

NR3 5 5 0.02 0.1 0.1 Ammonia as N  

≥ 1.0 NR3 1 1 0.5 0.5 0.5 

NR1 5 4 <0.04 0.7 0.3 
0.1 – < 1.0 

NR3 5 4 <0.04 0.6 0.4 TKN as N  

≥ 1.0 NR3 1 1 46.0 46.0 46.0 

- = no or insufficient data 
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Table 2-13: LACDPW Stormwater Monitoring of Selected Nutrients at the SCR Mass 
Emission Station (S29), 2002-2007 

Constituent 
2-day Antecedent 

Rainfall (in) 
No. of 

Samples 
No. of 

Detects 
Minimum 

(mg/L) 
Maximum 

(mg/L) 
Average 
(mg/L) 

0.1 – < 1.0 11 11 0.17 0.43 0.24 
Dissolved Phosphorus 

≥ 1.0 8 8 0.10 0.45 0.26 

0.1 – < 1.0 11 11 0.37 1.17 0.60 
Total Phosphorus 

≥ 1.0 8 8 0.18 0.84 0.42 

0.1 – < 1.0 11 9 0.50 1.85 1.15 
Nitrate-N 

≥ 1.0 8 6 0.50 1.36 0.80 

0.1 – < 1.0 11 4 <0.03 1.00 0.17 
Nitrite-N 

≥ 1.0 8 3 <0.03 0.87 0.18 

0.1 – < 1.0 11 5 <0.08 0.26 0.14 
Ammonia-N 

≥ 1.0 8 6 <0.08 1.09 0.29 

0.1 – < 1.0 11 11 0.80 8.70 2.54 
TKN as N 

≥ 1.0 8 8 0.66 31.70 5.58 

 

Table 2-14: USGS Water Quality Data for Selected Nutrients in the Santa Clara River at 
the County Line, 1951 to 1995 

Constituent 
2-day Antecedent 
Rainfall (inches) 

No. of 
Samples 

No. of 
Detects 

Minimum 
(mg/L) 

Maximum 
(mg/L) 

Average 
(mg/L) 

0.1 – < 1.0 3 3 0.35 0.66 0.46 
Dissolved Phosphorus 

≥ 1.0 1 1 0.01 0.01 0.01 

0.1 – < 1.0 5 5 0.81 1.8 1.28 
Total Phosphorus 

≥ 1.0 2 2 0.63 1.4 1.02 

0.1 – < 1.0 3 3 0.03 0.39 0.16 
Ammonia as N 

≥ 1.0 0 0 - - - 

0.1 – < 1.0 7 7 0.87 4 2.1 
Nitrate + Nitrite as N 

≥ 1.0 4 4 1.2 2 1.7 

0.1 – < 1.0 1 1 0.64 0.64 0.64 
TKN as N  

≥ 1.0 1 1 0.69 0.69 0.69 

0.1 – < 1.0 2 2 0.6 2.2 1.4 
Total Nitrogen 

≥ 1.0 2 2 3.5 4.4 4.0 

      - = no or insufficient data 
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Phosphorus.  Recent wet weather monitoring (LACDPW Mass Emission Station and Newhall 
Ranch WRP Startup Monitoring) showed somewhat consistent total phosphorus levels, of a 
magnitude of about 0.4 to 0.6 mg/L.  An exception was the large storm sample (>1.0 inch) 
collected at station NR-3, which measured 13.4 mg/L. This was likely due to the high 
concentration of total suspended solids measured during the same storm event, because total 
phosphorus is predominately found in the particulate-phase in stormwater runoff.  Historical 
average total phosphorus concentrations at the USGS station were somewhat higher than recent 
results at 1.0 to 1.3 mg/L and appeared to be somewhat independent of storm event size.     

Nitrogen.  Nitrate-nitrogen was the only nutrient measured in the NRSP tributary stormwater 
monitoring.  Measured nitrate-nitrogen concentrations in the tributary stormwater monitoring 
were generally low (less than 3 mg/L as N) at three of the sites, and were elevated at Sites A and 
D (17.5 mg/L and 15.3 mg/L, respectively). The numeric target for nitrate plus nitrite-nitrogen in 
the Santa Clara River Nitrogen Compounds TMDL is 4.5 mg/L (30-day average) based on 
achieving the Basin Plan water quality objective of 5 mg/L (note that nitrate-nitrogen is typically 
an order of magnitude greater than nitrite-nitrogen in natural waters, as nitrite is converted to 
nitrate in aerobic conditions).  The Santa Clara River average nitrate-nitrogen concentrations 
were below this objective (0.8 mg/L to 3.2 mg/L). The average historical nitrate-N + nitrite-N 
concentrations at the USGS station were roughly similar, varying from 2.1 mg/L for lower storm 
flows to 1.7 mg/L for higher storm flows.  

Average ammonia concentrations were low and ranged from 0.1 to 0.5 mg/L. The ammonia 
water quality objectives in the Santa Clara River Nitrogen Compounds TMDL range from 3.4 
mg/L to 5.5 mg/L (one hour average) and 1.2 mg/L to 2.0 mg/L (30-day average). 

Average total Kjeldahl nitrogen (TKN) concentrations, which is the measure of ammonia plus 
the organic forms of nitrogen, generally ranged from 0.3 mg/L to 5.6 mg/L.  One exception was 
the concentration found in the large storm at NR-3, which measured 46 mg/L. As with total 
phosphorus, the organic forms of nitrogen in stormwater runoff are generally in the particulate-
phase, and this result correlated with the high levels of total phosphorus and suspended solids 
measured during this same event. 

2.3.1.4. Selected Metals, Pesticides, and Cyanide 

The heavy metals cadmium (Cd), copper (Cu), lead (Pb), and zinc (Zn) can be toxic at high 
concentrations.  Trace metals occur naturally in soils and sediments, and are present in urban 
runoff.  Aluminum is one of the more abundant elements in the earth’s crust.   The 
organophosphorus pesticides chlorpyrifos and diazinon are two pesticides of concern due to their 
potential toxicity in receiving waters and, in the past, have been frequently detected downstream 
from urban and agricultural land uses.  These pesticides are currently banned for residential use.  
Cyanide is a highly toxic substance and has a number of man-made and natural sources.   
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Tables 2-15 through 2-18 summarize the data for these metals and pesticides in the tributaries 
and the Santa Clara River.  Cyanide was only measured at the LACDPW Mass Emission station.  
Available data for metals at the USGS station were very limited.  For copper and lead, there were 
a considerable number of non-detects with very high detection limits.  Therefore, comparison of 
the USGS data for copper, lead, and zinc with the recent monitoring information is considered 
inappropriate.  Metals data were not collected in the one large storm event sampled for the 
Newhall Ranch WRP pre-startup monitoring; thus summarized data for this station represent 
storms less than one inch in depth. 

Table 2-15: Average Concentration of Heavy Metals from Newhall Ranch Tributary 
Stormwater Monitoring, March 2001  

Constituent 

Site A 
Mouth of 
Potrero 

Site B 
Mouth of  

San Martinez 
Grande 

Site C 
Long Canyon 
Upstream of 
Onion Field 

Site D 
Mouth of 
Middle 
Canyon 

Site E 
Middle of 
Chiquito 

Total Copper (µg/L) 15 175 170 10 70 

Total Lead (µg/L) 6.1 53.5 95.2 7.6 36.8 

Total Zinc (µg/L) 40 330 330 30 225 

Total Cadmium (µg/L) 0.3 11.2 2 0.4 1.9 

 

Table 2-16: Newhall Ranch WRP Pre-Startup Wet Weather Water Quality Data for 
Selected Metals and Pesticides in the Santa Clara River, 2004 - 2006  

Constituent 

2-day 
Antecedent 

Rainfall 
(inches) 

Sample 
Site 

No. of 
Samples 

No. of 
Detects 

Minimum
(µg/L) 

Maximum 
(µg/L) 

Average 
(µg/L) 

NR1 1 1 27 27 27 
Dissolved Aluminum  0.1 – < 1.0 

NR3 1 1 19 19 19 

NR1 1 1 740 740 740 
Total Aluminum 0.1 – < 1.0 

NR3 1 1 770 770 770 

NR1 1 1 4.6 4.6 4.6 
Dissolved Copper 0.1 – < 1.0 

NR3 1 1 3.6 3.6 3.6 

NR1 2 2 4.6 5.2 4.9 
Total Copper 0.1 – < 1.0 

NR3 2 2 4.8 7.0 5.9 

NR1 1 0 <0.07 <0.07 - 
Dissolved Lead 0.1 – < 1.0 

NR3 1 0 <0.07 <0.07 - 

NR1 2 2 0.6 1.3 1.0 
Total Lead 0.1 – < 1.0 

NR3 2 2 0.6 0.9 0.8 
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Constituent 

2-day 
Antecedent 

Rainfall 
(inches) 

Sample 
Site 

No. of 
Samples 

No. of 
Detects 

Minimum
(µg/L) 

Maximum 
(µg/L) 

Average 
(µg/L) 

NR1 1 1 12 12 12 
Dissolved Zinc 0.1 – < 1.0 

NR3 1 1 8.7 8.7 8.7 

NR1 2 2 13 22 18 
Total Zinc 0.1 – < 1.0 

NR3 2 2 12 18 15 

NR1 1 0 <0.01 <0.01 - 
Diazinon 0.1 – < 1.0 

NR3 1 0 <0.01 <0.01 - 

NR1 1 0 <0.6 <0.6 - 
Chlorpyrifos 0.1 – < 1.0 

NR3 1 0 <0.6 <0.6 - 

- = no or insufficient data 

 

Table 2-17: LACDPW Stormwater Monitoring for Metals, Pesticides, and Cyanide at the 
SCR Mass Emission Station (S29), 2002-2007 

Constituent 
2-day Antecedent 
Rainfall (inches) 

No. of 
Samples 

No. of 
Detects 

Minimum
(µg/L) 

Maximum 
(µg/L) 

Average 
(µg/L) 

0.1 – < 1.0 11 3 <100 1390 894 
Dissolved Aluminum  

≥ 1.0 8 4 <100 3680 1086 

0.1 – < 1.0 11 11 450 18000 5040 
Total Aluminum 

≥ 1.0 8 8 131 19650 5672 

0.1 – < 1.0 11 11 3.32 10.60 5.80 
Dissolved Copper 

≥ 1.0 8 8 3.75 22.60 9.92 

0.1 – < 1.0 11 11 7.33 50.50 25.78 
Total Copper 

≥ 1.0 8 8 9.43 53.30 25.28 

0.1 – < 1.0 11 2 0.52 5.00 4.44 
Dissolved Lead 

≥ 1.0 8 5 0.44 12.50 3.32 

0.1 – < 1.0 11 11 1.41 17.40 5.91 
Total Lead 

≥ 1.0 8 8 1.14 39.80 17.12 

0.1 – < 1.0 11 9 3 27 12 
Dissolved Zinc 

≥ 1.0 8 8 12 37 26 

0.1 – < 1.0 11 11 11 118 54 
Total Zinc 

≥ 1.0 8 8 42 353 110 

0.1 – < 1.0 11 0 1.00 1.00 1.00 
Dissolved Cadmium 

≥ 1.0 8 1 0.74 1.00 0.94 
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Constituent 
2-day Antecedent 
Rainfall (inches) 

No. of 
Samples 

No. of 
Detects 

Minimum
(µg/L) 

Maximum 
(µg/L) 

Average 
(µg/L) 

0.1 – < 1.0 11 6 0.27 1.00 0.77 
Total Cadmium 

≥ 1.0 8 6 0.25 1.27 0.78 

0.1 – < 1.0 11 0 <0.05 <0.05 - 
Chlorpyrifos 

≥ 1.0 8 0 <0.05 <0.05 - 

0.1 – < 1.0 11 3 <0.01 0.41 0.05 
Diazinon 

≥ 1.0 8 5 <0.01 0.43 0.10 

0.1 – < 1.0 11 3 <10 10 10 
Cyanide 

≥ 1.0 8 3 <10 590 200 

- = no or insufficient data 

Table 2-18: USGS Water Quality Data for Selected Metals and Pesticides in the Santa 
Clara River at the County Line, 1951 to 1995   

Constituent 
2-day Antecedent 
Rainfall (inches) 

No. of 
Samples 

No. of 
Detects 

Minimum 
(mg/L) 

Maximum 
(mg/L) 

Average 
(mg/L) 

0.1 – < 1.0 4 0 - - - 
Dissolved Copper  

≥ 1.0 0 0 - - - 

0.1 – < 1.0 1 1 30 30 30 
Total Copper  

≥ 1.0 0 0 - - - 

0.1 – < 1.0 39 4 1 23 7.8 
Dissolved Lead  

≥ 1.0 4 0 - - - 

0.1 – < 1.0 3 0 - - - 
Total Lead  

≥ 1.0 1 0 - - - 

0.1 – < 1.0 4 1 10 10 10 
Dissolved Zinc  

≥ 1.0 0 0 - - - 

0.1 – < 1.0 1 1 150 150 150 
Total Zinc   

≥ 1.0 0 0 - - - 

0.1 – < 1.0 1 1 0.02 0.02 0.02 
Diazinon   

≥ 1.0 0 0 - - - 

- = no or insufficient data 
 

Metals.  Table 2-15 presents average total copper, lead, zinc, and cadmium concentrations 
measured in the NRSP tributary stormwater monitoring.  Total copper, lead, and zinc measured 
at tributary Sites B and C were much higher than the concentrations measured at Sites A and D. 
Concentrations at Site E fell in the middle of the measured range.  Elevated total metal 
concentrations are often associated with elevated TSS levels, although this trend is not evident in 
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the tributary monitoring data.  The average total copper concentrations at Sites B, C, and E were 
greater than the CTR acute copper criterion.  The average total copper concentrations ranged 
from 10 µg/L to 175 µg/L; the CTR acute total copper criterion for a hardness concentration of 
greater than 400 mg/L is 52 µg/L.  The average total lead and total zinc concentrations in all the 
tributaries were below the CTR acute criteria.  The average total lead concentrations ranged from 
6.1 µg/L to 95 µg/L; the CTR acute total lead criterion for a hardness concentration of greater 
than 400 mg/L is 480 µg/L.  The average total zinc concentrations ranged from 30 µg/L to 330 
µg/L; the CTR acute total zinc criterion for a hardness concentration of greater than 400 mg/L is 
390 µg/L. 

Average concentrations of dissolved and total copper measured in the Santa Clara River (3.6 
µg/L to 9.9 µg/L, dissolved copper; 4.9 to 26 µg/L, total copper) were below the respective CTR 
acute criteria for the average hardness of 250 mg/L (32 µg/L, dissolved copper; 33 µg/L, total 
copper).  Average concentrations of dissolved and total lead measured in the Santa Clara River 
(<0.07 µg/L to 4.4 µg/L, dissolved lead; 0.8 to 17 µg/L, total lead) were well below the 
respective CTR acute criteria for the average hardness of 250 mg/L (170 µg/L, dissolved lead; 
260 µg/L, total lead).  Average concentrations of dissolved and total zinc measured in the Santa 
Clara River (8.7 µg/L to 26 µg/L, dissolved zinc; 15 to 110 µg/L, total zinc) were all well below 
the respective CTR acute criteria for the average hardness of 250 mg/L (250 µg/L, dissolved 
zinc; 260 µg/L, total zinc). 

Average dissolved aluminum concentrations showed a very wide range in the Santa Clara River, 
ranging from a low of 19 µg/L dissolved aluminum measured in small storms at station NR3 to 
1,086 µg/L measured in large storms at the Los Angeles County mass emission station.  
Similarly, total aluminum ranged from a low of 740 µg/L dissolved aluminum measured in small 
storms at station NR1 to 5,672 µg/L measured in large storms at the Los Angeles County mass 
emission station.  The National Ambient Water Quality Criteria (NAWQC) acute criterion for 
aluminum is 750 µg/L for a pH range of 6.5 to 9.0; the CTR does not include an aluminum 
criterion. 

Pesticides. Chlorpyrifos was not detected in 19 samples taken at the County’s mass emission 
station, while diazinon was detected in 8 of 19 samples with an average concentration of 0.05 
µg/L in small storms and 0.10 µg/L in the larger storms.  Diazinon and chlorpyrifos were not 
detected further downstream in the SCR during Newhall Ranch WRP wet weather sampling, but 
were detected in the one wet weather sample in the historical USGS data.  The CTR acute 
criterion for diazinon is 0.17 µg/L.  The diazinon criterion derived by the California Department 
of Fish and Game is 0.08 µg/L (Marshack, 2003). 

Cyanide.  Cyanide was detected in six of 19 wet weather samples at the County’s mass emission 
station.  Concentrations of cyanide ranged from below 10 µg/L to 590 µg/L.  The CTR criterion 
for freshwater acute aquatic life protection for cyanide is 22 µg/L. 
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2.3.1.5. Fecal Indicator Bacteria 

Pathogens such as viruses, bacteria, and protozoa that cause illness in humans are difficult to 
measure. Fecal indicator bacteria (FIB) such as total coliform, fecal coliform, and enterococci are 
commonly measured instead, and their presence indicates the presence of fecal contamination 
and the potential presence of associated pathogenic organisms.  However, it does not indicate the 
source of the contamination and there are numerous natural and anthropogenic sources of 
pathogen indicators.  Tables 2-19 through 2-22 summarize FIB data for the four datasets.   

Table 2-19: Average Concentrations for Fecal Indicator Bacteria from Newhall Ranch 
Tributary Stormwater Monitoring, 2001  

Constituent 

Site A 
Mouth of 
Potrero 

Site B 
Mouth of  San 

Martinez 
Grande 

Site C 
Long Canyon 
Upstream of 
Onion Field 

Site D 
Mouth of 

Middle Canyon 

Site E 
Middle of 
Chiquito 

Total coliform 
(MPN/100ml) 40,000 >160,000 125,000 >50,000 >81,200 

Fecal coliform 
(MPN/100ml) 4,300 953 6,300 >81,200 81,200 

 

Table 2-20: Newhall Ranch WRP Startup Wet Weather Water Quality Data for Fecal 
Indicator Bacteria in the Santa Clara River, 2004 - 2006 

Constituent 

2-day 
Antecedent 

Rainfall (inches) 
Sample 

Site 
No. of 

Samples 
No. of 

Detects Minimum Maximum Average 

NR1 5 4 <1 900 87 
0.1 – < 1.0 

NR3 5 4 <1 5,000 258 Fecal coliform 
(MPN/100mL) 

≥ 1.0 NR3 1 1 ≥1,600 ≥1,600 ≥1,600 

NR1 5 4 <1 1,600 284 
0.1 – < 1.0 

NR3 5 4 <1 13,000 549 Total coliform 
(MPN/100mL) 

≥ 1.0 NR3 1 1 ≥1,600 ≥1,600 ≥1,600 
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Table 2-21: LACDPW Stormwater Monitoring for Fecal Indicator Bacteria at the SCR 
Mass Emission Station, 2002-2007 

Constituent 
2-day Antecedent Rainfall 

(inches) 
No. of 

Samples 
No. of 

Detects Minimum Maximum Average 

0.1 – < 1.0 11 11 17,000 1,600,000 115,590 Total coliform 
(MPN/100mL) ≥ 1.0 8 8 50,000 500,000 246,812 

0.1 – < 1.0 11 11 230 300,000 7,332 Fecal coliform 
(MPN/100mL) ≥ 1.0 8 8 9,000 300,000 65,275 

0.1 – < 1.0 11 11 800 300,000 17,907 Fecal 
Enterococci 
(MPN/100mL) ≥ 1.0 8 8 17,000 500,000 90,150 

 

Table 2-22: USGS Water Quality Data for Fecal Indicator Bacteria in the Santa Clara 
River at the County Line, 1951 - 1995 

Constituent 
2-day Antecedent Rainfall 

(inches) 
No. of 

Samples 
No. of 

Detects Minimum Maximum Average 

0.1 – < 1.0 3 3 80 720 427 Fecal coliform  
(CFU/100mL) ≥ 1.0 1 1 - - 2,700 

  - = no or insufficient data 

 
Concentrations of total and fecal coliform bacteria in wet weather flows at all tributary 
monitoring stations, the Newhall Ranch WRP stations, and the County’s mass emission station 
were highly variable and sometimes very high, consistent with other stormwater data throughout 
the region.  Fecal coliform concentrations ranged from <1 Most Probable Number per 100 
milliliters (MPN/100 mL) to 300,000 MPN/100 mL.  Average bacteria concentrations at the 
lower stations were significantly lower, but still elevated, more so during larger storms.  In 
waters designated for water contact recreation (REC-1), the Basin Plan objective for fecal 
coliform is a log mean of 200/100 mL (based on a minimum of not less than 10 percent of total 
samples during any 30-day period), nor shall more 10 percent of the total number of samples 
during any 30-day period exceed 400/100 mL. 

2.3.1.6. Summary 

Tables 2-23 and 2-24 summarize the average values from wet weather monitoring data for all 
monitoring locations. 
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Table 2-23: Average Wet Weather Monitoring Data (2-Day Antecedent Rainfall of 0.1 - 1.0 in)  
LACDPW 

Mass 
Emission 
Station NRSP Area Tributary Monitoring 

Newhall Ranch 
WRP Startup 
Monitoring 

USGS Wet 
Weather 

Monitoring 

Constituent S29 Site A Site B Site C Site D Site E NR1 NR3 USGS 
General and Conventional Parameters 

TSS (mg/L) 845 835 41,100 36,000 5,650 6,645 58 112 2,291 

TDS  (mg/L) 458 7,380 2,825 190 160 205 855 1,076 1,437 1 

Hardness (mg/L) 249 2,225 1,205 147 59 107 387 475 773 

Chloride (mg/L) 68 870 125 3 3 11 100 105 122 

Nutrients 

Total P (mg/L) 0.60 - - - - - 0.4 0.4 1.28 

Nitrate-N (mg/L) 1.15 182 3.02 1.62 15.32 2.82 3.2 3.0 2.1 2 

Nitrite-N (mg/L) 0.17 - - - - - <0.005 <0.005 - 
Ammonia-N 
(mg/L) 0.14 - - - - - 0.2 0.1 0.16 

TKN (mg/L) 2.5 - - - - - 0.3 0.4 0.64 

Metals and Pesticides 
Dissolved copper 
(µg/L) 5.8 - - - - - 4.6 3.6 - 

Total Copper 
(µg/L) 26 15 175 170 10 70 4.9 5.9 30 

Dissolved Lead 
(µg/L) 4.4 - - - - - <0.07 <0.07 7.8 

Total Lead (µg/L) 5.9 6.1 54 95 7.6 37 1 0.8 - 
Dissolved Zinc 
(µg/L) 12 - - - - - 12 8.7 10 

Total Zinc (µg/L) 54 40 330 330 30 225 18 15 150 
Dissolved 
Aluminum (µg/L) 894 - - - - - 27 19 - 

Total Aluminum 
(µg/L) 5,040 - - - - - 740 770 - 

Diazinon (µg/L) 0.05 - - - - - <0.01 <0.01 0.02 
Chlorpyrifos 
(µg/L) <0.05 - - - - - <0.6 <0.6 - 

Cyanide (mg/L) <0.01 - - - - - - - - 

Indicator Bacteria 
Fecal coliform 
(MPN/100mL) 7,332 4,300 953 6,300 >81,200 81,200 87 258 427 3 

Total coliform 
(MPN/100mL) 115,590 40,000 >1.6E5 125,000 >50,000 >81,200 284 549 - 

1 Derived from Specific Conductance, 2 Nitrate + Nitrite-N, 3CFU/100ml, - = no or insufficient data 
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Table 2-24: Average Wet Weather Monitoring Data (2-Day Antecedent Rainfall >1 inch) 
LACDPW SCR Mass 

Emission Station 
Newhall Ranch WRP 
Startup Monitoring 

USGS Wet Weather 
Monitoring 

Constituent S29 NR3 11108500 
General and Conventional Parameters 

TSS (mg/L) 1,635 43,360 10,711 

TDS (mg/L) 216 2,100 838 1 

Hardness (mg/L) 108 832 546 

Chloride (mg/L) 24 46 61 

Nutrients 

Total P (mg/L) 0.42 13 1.0 

Nitrate-N (mg/L) 0.80 1.4 

Nitrite-N (mg/L) 0.18 ND 
1.7 2 

Ammonia-N (mg/L) 0.29 0.5 - 

TKN (mg/L) 5.6 46 0.69 

Metals and Pesticides 

Dissolved Copper (µg/L) 9.9 - - 

Total Copper (µg/L) 26 - - 

Dissolved Lead (µg/L) 3.3 - - 

Total Lead (µg/L) 17 - - 

Dissolved Zinc (µg/L) 26 - - 

Total Zinc (µg/L) 110 - - 
Dissolved Aluminum 
(µg/L) 1,086 - - 

Total Aluminum (µg/L) 5,672 - - 

Diazinon (µg/L) 0.10 <0.01 - 

Chlorpyrifos (µg/L) <0.05 <0.6 - 

Cyanide (µg/L) 200 - - 

Indicator Bacteria 
Fecal coliform  
(MPN/100 mL) 65,275 >1,600 2,700 3 

Total coliform  
(MPN/100 mL) 246,812 >1,600 - 

1 Derived from Specific Conductance, 2 Nitrate + Nitrite-N, 3CFU/100ml, - = no or insufficient data 
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2.3.2. Dry Weather Water Quality Monitoring 

Dry season base flows in the SCR through the NRSP area are perennial.  Dry season base flows 
may include contributions from natural groundwater flows; however, discharges from the 
upstream Saugus and Valencia WRPs contribute the majority of base flow.  Discharges from the 
WRPs during dry weather conditions are a source of impairing pollutants in downstream reaches, 
including chloride, TDS, and nitrogen compounds.   

Dry weather water quality monitoring data in the SCR are available from three sources:   

• LACDPW sampling at the SCR mass emission station 

• USGS Water Quality Monitoring 

• Newhall Ranch WRP pre-startup monitoring 

These sites were described above under Wet Weather Monitoring (Section 2.3.1).  The 
LACDPW station is in the SCR at The Old Road, above the NRSP area, while the Newhall 
Ranch WRP pre-startup monitoring stations are at the western boundary and downstream of the 
NRSP area.  The USGS station is also below the NRSP area, and provides a historical 
perspective from samples collected between 1951 and 1995. 

2.3.2.1. General Constituents 

Tables 2-25 through 2-27 summarize the available dry weather monitoring data for TSS, 
hardness, TDS, and chloride. 

Table 2-25: LACDPW Dry Weather Monitoring for Selected General Constituents at the 
SCR Mass Emission Station (S29), 2002-2007 

Constituent 
No. of 

Samples 
No. of 

Detects 
Minimum 

(mg/L) 
Maximum 

(mg/L) 
Average 
(mg/L) 

TSS  10 10 2 1,320 200 

Hardness 10 10 330 510 420 

TDS 10 10 696 942 812 

Chloride 10 10 47 140 115 
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Table 2-26: Newhall Ranch WRP Pre-Startup Dry Weather Monitoring for Selected 
General Constituents in the SCR, 2004-2006  

Constituent  Sample Site 
No. of 

Samples 
No. of 

Detects 
Minimum 

(mg/L) 
Maximum 

(mg/L) 
Average 
(mg/L) 

NR1 49 48 <1 342 66 
TSS  

NR3 49 48 <1 676 128 

NR1 49 49 258 568 388 
Hardness 

NR3 49 49 324 684 458 

NR1 49 49 504 1160 845 
TDS 

NR3 49 49 576 1396 936 

NR1 24 24 66 145 120 
Chloride 

NR3 24 24 50 157 124 

 

Table 2-27: USGS Dry Weather Water Quality Monitoring Data for Selected General 
Constituents in the SCR at the County Line, 1951-1995 

Constituent 
No. of 

Samples 
No. of 

Detects Minimum Maximum Average 

TSS (mg/L) 73 73 7 5,980 349 

Hardness (mg/L) 220 220 42 2,400 881 

Specific Conductance (uS/cm) 383 383 925 7,620 2,408 

TDS (mg/L) - - 5921 4,8761 1,5411 

Chloride (mg/L) 355 355 30 585 140 
1Derived from Specific Conductance 

TSS.  Relatively high average TSS concentrations were observed, especially the historical data 
from USGS station, which may have included samples taken during times of higher erosion or 
larger dry weather flows. Average dry weather flow TSS concentrations observed by the 
Newhall Ranch WRP pre-startup monitoring were similar to those observed for small storms in 
wet weather monitoring. Average concentrations of TSS appeared higher at the upstream DPW 
mass emission station than at the downstream Newhall Ranch WRP pre-startup sites. Differences 
may be due to physical factors such as channel substrate material, local flow regime, and 
tributary influences. 

Hardness, TDS and Chloride.  The average concentrations of hardness, TDS, and chloride 
were more similar between the County’s mass emission station and Newhall Ranch WRP 
monitoring locations.  However, the USGS County Line station historically recorded higher 
averages (approximately double) than the baseline data observed at the County’s mass emission 
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station and Newhall Ranch WRP monitoring locations.  The baseline data suggests that the water 
flowing in the Santa Clara River in the proposed Project area during dry weather is very hard 
with high levels of other dissolved salts, including chloride. The average concentrations of TDS 
in the baseline data ranged from 812 mg/L to 936 mg/L, below the Basin Plan objective for TDS 
in Santa Clara River Reach 5 (1,000 mg/L). Average chloride concentrations in dry weather 
flows ranged from 115 mg/L to 124 mg/L, above the Basin Plan objective of 100 mg/L. 

2.3.2.2. Nutrients 

Tables 2-28 through 2-30 summarize the available dry weather monitoring data for selected 
nutrients.   

Table 2-28: LACDPW Dry Weather Monitoring of Selected Nutrients at the SCR Mass 
Emission Station (S29), 2002-2007 

Constituent 
No. of 

Samples 
No. of 

Detects 
Minimum 

(mg/L) 
Maximum 

(mg/L) 
Average 
(mg/L) 

Dissolved phosphorus  10 10 0.05 0.30 0.18 

Total phosphorus 10 10 0.10 0.67 0.26 

Nitrate-N  10 9 <0.50 1.7 1.2 

Nitrite-N  10 2 <0.03 0.6 0.1 

Ammonia-N  10 2 <0.10 0.8 0.1 

TKN  10 10 0.3 1.3 0.6 

Table 2-29: Newhall Ranch WRP Pre-Startup Dry Weather Monitoring for Selected 
Nutrients in the SCR, 2004-2006 

Constituent  
Sample 

Site 
No. of 

Samples 
No. of 

Detects 
Minimum 

(mg/L) 
Maximum 

(mg/L) 
Average 
(mg/L) 

NR1 49 49 0.1 1.1 0.5 
Total phosphorus  

NR3 49 48 <0.008 0.8 0.5 

NR1 49 49 1.0 4.9 2.8 
Nitrate-N 

NR3 49 49 1.1 5.1 2.9 

NR1 49 6 <0.005 0.2 0.02 
Nitrite-N  

NR3 49 5 <0.005 0.2 0.02 

NR1 49 34 <0.005 0.4 0.1 
Ammonia-N 

NR3 49 39 <0.005 0.4 0.1 

NR1 49 47 <0.04 1.0 0.4 
TKN 

NR3 49 48 <0.04 1.3 0.5 
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Table 2-30: USGS Dry Weather Water Quality Monitoring Data for Selected Nutrients in 
the Santa Clara River at the County Line, 1951 - 1995 

Constituent  
No. of 

Samples 
No. of 

Detects 
Minimum 

(mg/L) 
Maximum 

(mg/L) 
Average 
(mg/L) 

Dissolved phosphorus 48 48 0.12 2.4 1 

Total phosphorus 64 64 0.23 5.9 1.13 

Ammonia as N 41 41 0.01 0.62 0.18 

Nitrate + Nitrite as N  47 47 1.8 7.5 4 

TKN as N 20 20 0.08 1.3 0.83 

Total Nitrogen  33 33 0.5 15 3.7 

 

Phosphorus and Nitrogen.  The average concentrations for total phosphorus and nitrate in dry 
weather flows increased downstream, while ammonia and TKN concentrations were relatively 
consistent from upstream to downstream. All average nutrient concentrations were higher in the 
historical dataset.  Nutrient concentrations measured in dry weathers flows reflect the influence 
of the Saugus and Valencia WRPs.  Lower average concentrations in the Newhall WRP startup 
monitoring compared with the data at the USGS gauge could be due to historically greater WRP 
nutrient discharge concentrations and/or less responsible use of fertilizers.  Higher historic TKN 
concentrations could also be attributed to higher TSS concentrations, and hence particulate 
nutrients, observed at this site.     

2.3.2.3. Metals and Pesticides 

Tables 2-31 through 2-33 summarize the available dry weather monitoring data for selected 
metals and pesticides.   

Table 2-31: LACDPW Dry Weather Monitoring for Metals, Pesticides, and Cyanide at the 
SCR Mass Emission Station (S29), 2002-2007 

Constituent 
No. of 

Samples 
No. of 

Detects 
Minimum 

(µg/L) 
Maximum 

(µg/L) 
Average 
(µg/L) 

Dissolved copper  10 10 1.9 3.8 2.9 

Total copper  10 10 6.0 33.5 15.2 

Dissolved lead  10 0 <5.00 <5.00 - 

Total lead  10 10 0.6 8.2 1.8 

Dissolved zinc  10 7 <1.00 26.0 6.4 

Total zinc  10 8 <5.00 52.2 20.7 

Dissolved cadmium  10 2 <1.00 41.0 5.3 

Total cadmium  10 3 0.29 72.0 8.3 
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Constituent 
No. of 

Samples 
No. of 

Detects 
Minimum 

(µg/L) 
Maximum 

(µg/L) 
Average 
(µg/L) 

Dissolved aluminum 10 0 <100 <100 - 

Total aluminum 10 3 <100 7,500 845 

Chlorpyrifos  10 0 <0.05 <0.05 - 

Diazinon  10 1 <0.05 0.02 0.01 

Cyanide  10 0 <10 <10 - 

   - = no or insufficient data 

Table 2-32: Newhall Ranch WRP Pre-Startup Dry Weather Monitoring for Metals and 
Pesticides in the SCR, 2004-2006 

Constituent  
Sample 

Site 
No. of 

Samples 
No. of 

Detects 
Minimum 

(µg/L) 
Maximum 

(µg/L) 
Average 
(µg/L) 

NR1 10 10 3.2 4.8 4 
Dissolved copper  

NR3 10 10 3 5.2 4.2 

NR1 21 21 2.3 11 5 
Total copper  

NR3 21 21 2.6 15 6.5 

NR1 10 5 <0.07 0.7 0.2 
Dissolved lead  

NR3 10 6 <0.07 0.6 0.2 

NR1 21 18 <0.07 4.6 0.9 
Total lead  

NR3 21 18 <0.07 5.8 1.4 

NR1 10 10 7.8 14 11 
Dissolved zinc  

NR3 10 10 6.2 16 10.7 

NR1 21 21 8.5 30 15.4 
Total zinc  

NR3 21 21 7.8 51 19.5 

NR1 4 4 21 290 170 
Dissolved aluminum 

NR3 4 4 14 750 289 

NR1 4 4 240 2,100 1,018 
Total aluminum  

NR3 4 4 330 3,300 1,685 

NR1 21 0 <0.01 <0.01 - 
Diazinon 

NR3 21 0 <0.01 <0.01 - 

     - = no or insufficient data 
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Table 2-33: USGS Dry Weather Water Quality Monitoring Data for Metals and Pesticides 
in the Santa Clara River at the County Line, 1951-1995 

Constituent  
No. of 

Samples 
No. of 

Detects 
Minimum 

(µg/L) 
Maximum 

(µg/L) 
Average 
(µg/L) 

Dissolved copper (ug/L) 40 13 1 5 1.8 

Total copper (ug/L) 12 6 10 40 20 

Dissolved lead (ug/L) 39 4 1 23 7.8 

Total lead (ug/L) 30 0 - - - 

Dissolved Zinc (ug/L) 39 29 5 50 15.8 

Total zinc (ug/L) 12 12 20 110 45 

Diazinon (ug/L) 6 4 0.01 0.05 0.03 

     - = no or insufficient data 

Metals.  Concentrations of heavy metals in dry weather flows were generally low and, for the 
most part, reasonably similar. Total metal concentrations are related to TSS concentrations, and 
this is reflected in the difference between the historical data collected at the USGS site with 
higher TSS and the more recent data with lower TSS. Average dissolved copper concentrations 
were fairly similar and ranged from 1.8 to 4.2 µg/L. Average dissolved zinc concentrations were 
also fairly similar and ranged from 6.4 to 15.8 µg/L. Dissolved lead concentrations were slightly 
higher for the historical than the more recent datasets, and this is likely due to the widespread use 
of leaded gasoline prior to 1995.  

Average concentrations of dissolved and total copper measured in dry weather flows in the 
baseline data (2.9 µg/L to 4.2 µg/L, dissolved copper; 5 to 15.2 µg/L, total copper) were below 
the respective CTR chronic criteria for a hardness greater than 400 mg/L (29 µg/L, dissolved 
copper; 30 µg/L, total copper). Average concentrations of dissolved and total lead measured in 
dry weather flows (0.2 µg/L to 7.8 µg/L, dissolved lead; 0.9 to 1.8 µg/L, total lead) were well 
below the respective CTR chronic criteria for a hardness greater than 400 mg/L (11 µg/L, 
dissolved lead; 19 µg/L, total lead). Average concentrations of dissolved and total zinc measured 
in dry weather flows (6.4 µg/L to 11 µg/L, dissolved zinc; 15.4 to 20.7 µg/L, total zinc) were all 
well below the respective CTR chronic criteria for a hardness greater than 400 mg/L (380 µg/L, 
dissolved zinc; 390 µg/L, total zinc). 

Aluminum concentrations were only measured at the Newhall Ranch WRP Startup Monitoring 
stations. Average dissolved aluminum concentrations in the dry weather flows ranged from 170 
µg/L to 289 µg/L. Total aluminum ranged from 845 µg/L to 1,685 µg/L. The National Ambient 
Water Quality Criteria (NAWQC) acute criterion for acid soluble aluminum is 750 µg/L for a pH 
range of 6.5 to 9.0; the CTR does not include an aluminum criterion.   
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Pesticides.  Diazinon was detected at the upstream LACDPW site and historically at the USGS 
site in dry weather flows. The more extensive data set collected at NR-1 and NR-3 did not detect 
diazinon and this may be due to its recent phase-out by EPA for residential uses. 

Cyanide. Cyanide was measured but not detected in dry weather flows at the LACDPW mass 
emission station. 

2.3.2.4. Fecal Indicator Bacteria 

Tables 2-34 through 2-36 summarize the available dry weather monitoring data for fecal 
indicator bacteria (FIB).   

Table 2-34: LACDPW Dry Weather Monitoring at the SCR Mass Emission Station (S29), 
2002-2007 

Constituent 
No. of 

Samples 
No. of 

Detects Minimum Maximum Average 

Total coliform (MPN/100mL) 10 10 130 50,000 3,626 

Fecal coliform (MPN/100mL) 10 10 20 5,000 165 

Enterococci (MPN/100mL) 10 9 <20 1,300 218 

 

Table 2-35: Newhall Ranch WRP Pre-Startup Dry Weather Monitoring for Indicator 
Bacteria in the SCR, 2004 - 2006 

Constituent  
Sample 

Site 
No. of 

Samples 
No. of 

Detects Minimum Maximum Average 

NR1 49 49 23 24,000 961 Total coliform 
(MPN/100mL) NR3 49 49 23 24,000 1,207 

NR1 49 49 23 2,300 209 Fecal coliform 
(CFU/100mL) NR3 49 49 23 3,000 213 

 

Table 2-36: USGS Dry Weather Water Quality Monitoring Data for Indicator Bacteria in 
the Santa Clara River at the County Line, 1951-1995 

Constituent  
No. of 

Samples 
No. of 

Detects Minimum Maximum Average 

Fecal coliform (CFU/100mL) 46 46 25 980 250 

 

The concentrations of indicator bacteria indicated highly variable but generally elevated fecal 
indicator bacteria concentrations in dry weather flows.  The observed data were above the REC-1 
Basin Plan objective for fecal coliform (log mean of 200/100 mL (based on a minimum of not 



 

53 
Newhall Ranch Specific Plan Sub-Regional Stormwater Mitigation Plan 4/10/2008 

less than 10 percent of total samples during any 30-day period), nor shall more than 10 percent of 
the total number of samples during any 30-day period exceed 400/100 mL). 

2.3.2.5. Summary 

Table 2-37 summarizes the dry weather monitoring data available for the Santa Clara River in 
the NRSP area. 

Table 2-37: Summary of Average Dry Weather Monitoring Data in the Santa Clara River 
SCR Mass 

Emission Station 
USGS Dry Weather 

Monitoring 
Newhall Ranch WRP Startup 

Monitoring 
Constituent S29 11108500 NR1 NR3 

General and Conventional Parameters 

TSS (mg/L) 200 349 66 128 

Hardness (mg/L) 420 881 388 458 

TDS (mg/L) 812 15411 845 936 

Chloride (mg/L) 115 140 120 124 

Nutrients 

Total P (mg/L) 0.26 1.13 0.5 0.5 

Nitrate-N (mg/L) 1.2 42 2.8 2.9 

Nitrite-N (mg/L) 0.1 - 0.02 0.02 

Ammonia-N (mg/L) 0.1 0.18 0.1 0.1 

TKN (mg/L) 0.6 0.83 0.4 0.5 

Metals and Pesticides 

Dissolved copper (µg/L) 2.9 1.8 4 4.2 

Total copper (µg/L) 15.2 20 5 6.5 

Dissolved lead(µg/L) <5.0 7.8 0.2 0.2 

Total lead (µg/L) 1.8 ND 0.9 1.4 

Dissolved zinc (µg/L) 6.4 15.8 11 10.7 

Total zinc (µg/L) 20.7 45 15.4 19.5 

Dissolved aluminum (µg/L) - - 170 289 

Total aluminum (µg/L) 845 - 1018 1685 

Diazinon (µg/L) 0.01 0.03 <0.01 <0.01 

Chlorpyrifos (µg/L) <0.05 - - - 

Cyanide (mg/L) <0.01 - - - 
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SCR Mass 
Emission Station 

USGS Dry Weather 
Monitoring 

Newhall Ranch WRP Startup 
Monitoring 

Constituent S29 11108500 NR1 NR3 
Indicator Bacteria 

Fecal coliform  
(MPN/100 mL) 165 250 (CFU/100mL) 209 213 

Total coliform  
(MPN/100 mL) 3,626 - 961 1207 

- = no or insufficient data 

2.4. Groundwater 

2.4.1. Groundwater Beneficial Uses 

The NRSP area is within the Basin Plan’s Castaic Valley and Saugus Aquifer subbasin of the 
Santa Clarita Valley Groundwater Basin, East Subbasin.  Beneficial uses for groundwaters for 
this subbasin are shown in Table 2-38. 

Table 2-38: Beneficial Uses of Groundwaters 
Groundwater Basin MUN 

DWR 4.07 - Eastern Santa Clara Sub-basin: Castaic Valley and Saugus Aquifer E 

E-Existing Beneficial Use 
MUN:  Community, military, or individual water supply systems including, but not limited to, drinking water supply 
Source:  Water Quality Control Plan for the Los Angeles Region (Basin Plan) (LARWQCB, 1994 as amended) 

2.4.2. Existing Groundwater Quality 

The NRSP subregion lies at the western end of the upper Santa Clara River hydrologic area, as 
defined by the California Department of Water Resources (DWR).  The Santa Clara River Valley 
East Groundwater Subbasin lies within this hydrologic area and is the source of essentially all 
local groundwater used for water supply in the Santa Clarita Valley.  The local groundwater 
supplies are obtained from relatively young surficial alluvial deposits and from an older geologic 
unit (the Saugus Formation) that underlies the alluvium and adjoining areas.  The alluvium and 
the Saugus Formation are underlain by bedrock units consisting of the Pico Formation in the 
NRSP area and other geologic units in the eastern and northern portions of the Santa Clarita 
Valley.  These deep bedrock units yield little water and are not considered viable for 
groundwater development. 

The alluvial sediments lie within the portion of the Valley occupied by the Santa Clara River and 
also are present in side canyons that contain tributaries to the River.  The alluvium consists of 
extensively interlayered and interfingered mixtures of gravel and sand, with variable amounts of 
cobbles and boulders and minor amounts of silt and clay.  Due to the unconsolidated to poorly 
consolidated condition of the alluvium, and its lack of cementation, the alluvium has relatively 
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high permeability and porosity.  The groundwater flow direction in the Alluvial aquifer follows 
the topography of the Valley and its tributaries.  Groundwater recharge occurs in the eastern, 
northern, and southern portions of the Valley.  Natural mechanisms for groundwater discharge 
occur at the west end of the Valley and consist of discharge to the Santa Clara River, subsurface 
outflow beneath the River, and evapotranspiration by deep-rooted vegetation. 

The Saugus Formation is present beneath the eastern portion of the NRSP subregion and most of 
the Santa Clarita Valley area east of the NRSP area.  The upper subunits of the Saugus 
Formation consist of terrestrial sediments deposited in stream channels, floodplains, and alluvial 
fans by ancestral drainage systems.  The upper subunits are a source of groundwater supply in 
the Santa Clarita Valley because of their productive nature and their good water quality.  Deeper 
subunits of the Saugus Formation were deposited in a marine environment and are subsequently 
not used for water supplies because of their brackish water quality and fine-grained, low-
permeability nature.  

Faulting and folding of the Saugus Formation and the underlying bedrock units have created a 
bowl-shaped structure beneath the Santa Clarita Valley.  The Saugus Formation and underlying 
bedrock generally dip downwards from the periphery of the Valley towards the deepest portion 
of the "bowl" beneath the central portion of the Valley.  The thickness of the Saugus Formation 
also is controlled by the San Gabriel fault, which is present in the eastern and northern portions 
of the Valley. Because of its structure and its connection with the overlying Alluvial aquifer, 
groundwater flow in the Saugus Formation is generally towards the center of the bowl and also 
towards the western portion of the Santa Clara River. Like the Alluvial aquifer, the Saugus 
Formation is recharged in the eastern and other peripheral portions of the Santa Clarita Valley.   
Groundwater discharge from the Saugus Formation occurs at the west end of the Valley in the 
form of groundwater discharge into the overlying Alluvial aquifer, which in turn discharges to 
the River in the western end of the Valley. 

Alluvium. In terms of the aquifer system, there is no convenient long-term record of water 
quality (i.e., water quality data in one or more single wells that spans several decades and 
continues to the present).  Thus, in order to examine a long-term record of water quality in the 
alluvium, individual records have been integrated from several wells completed in the same 
aquifer materials and in close proximity to each other to examine historical trends in general 
mineral groundwater quality throughout the basin (Luhdorff & Scalmanini, 2005).  Based on 
these records of groundwater quality, wells within the alluvium have experienced historical 
fluctuations in general mineral content, as indicated by electrical conductivity (EC), which 
correlates with fluctuations of individual constituents that contribute to EC.  However, the 
historic water quality data indicates that, on a long-term basis, there has not been a notable trend 
and, specifically, there has not been a decline in water quality within the alluvium. 

Specific conductance within the alluvium exhibits a westward gradient, corresponding with the 
direction of groundwater flow in the alluvium.  EC is lowest in the easternmost portion of the 
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basin, and highest in the west, and generally exhibits an inverse correlation with precipitation 
and streamflow, with a stronger correlation in the easternmost portion of the basin where 
groundwater levels fluctuate the most.  Wet periods have produced substantial recharge of higher 
quality (low EC) water, and dry periods have resulted in declines in groundwater levels, with a 
corresponding increase in EC (and individual contributing constituents) in the deeper parts of the 
alluvium. 

The most notable groundwater quality issue in the alluvium is perchlorate contamination in a 
localized area situated about three miles east of the NRSP subregion.  In 2002, one well (the 
Santa Clarita Water Division's Stadium Well), located near the former Whittaker-Bermite 
facility, was inactivated for municipal water supply due to detection of perchlorate slightly below 
the Notification Level.  In early 2005, perchlorate was detected in a second well, the Valencia 
Water Company's Well Q2.  In October 2005, Well Q2 was returned to service with wellhead 
perchlorate treatment under a permit from the California DHS.  On-going monitoring in the 
alluvium north of the Whittaker-Bermite site (an ammunition manufacturing site) has shown no 
detections of perchlorate in any other Alluvial municipal water supply wells in this area. 

Table 2-39 summarizes average metals, general chemistry, and organic compounds data for three 
Alluvial aquifer wells located in and near the NRSP subregion (see Figure 2-1).  One well is a 
municipal water supply well that belongs to the Valencia Water Company (E-15) and is located 
in the Valencia Commerce Center area, north of the NRSP boundary.  Two Newhall Ranch 
agricultural Alluvial aquifer wells (C and B6) were monitored twice (once each in 2000 and 
2001). 

Laboratory testing indicates that all constituents tested were at acceptable levels for drinking 
water, for all tested wells, with the exception of sulfate and iron in the agricultural supply well 
B6. Specifically, the average sulfate concentration (360 mg/L) exceeded the Basin Plan objective 
of 350 mg/L and the average iron concentration (0.4 mg/L) exceeded the secondary drinking 
water standard of 0.3 mg/L in Alluvial Well B6.  

Tests conducted for perchlorate at the Alluvial aquifer wells listed in Table 2-39 indicated "non-
detect," meaning no perchlorate was detected. Furthermore, no organic contaminants have been 
detected in any Alluvial aquifer wells.  

Saugus Formation. Similar to the Alluvial aquifer, groundwater quality in the Saugus 
Formation is a key factor in assessing that aquifer as a municipal and agricultural water supply. 
As with the Alluvial aquifer, long-term Saugus groundwater quality data is not sufficiently 
extensive (few wells) to permit any basin-wide analysis or assessment of pumping-related 
impacts on quality. Accordingly, EC has been chosen as an indicator of overall water quality, 
and records have been combined to produce a long-term depiction of water quality. Water 
quality in the Saugus Formation historically has not exhibited the precipitation-related 
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fluctuations seen in the Alluvial aquifer, and based on the historical record over the last 50 years, 
groundwater quality in the Saugus Formation has exhibited a slight overall increase in EC.  

Table 2-39 summarizes average metals, general chemistry, and organic compounds data for one 
Saugus aquifer wells located near the NRSP subregion (see Figure 2-1).  Saugus Well 206 is a 
municipal water supply well that belongs to the Valencia Water Company and is located in the 
RMDP project area.  Laboratory testing indicates that all constituents tested were at acceptable 
levels for drinking water in Saugus Well 206. 

As with the Alluvial aquifer, the most notable groundwater quality issue in the Saugus Formation 
is perchlorate contamination.  Since 1997, four Saugus wells located near the former Whittaker-
Bermite facility (about two miles east of the Specific Plan area) have been inactivated for water 
supply service due to the presence of perchlorate.  A fifth well in that same location showed a 
detection of perchlorate below the DHS reporting level of 4 µg/L.  To date, in the Saugus 
Formation, there have been no perchlorate detections in other active municipal-supply wells 
located down gradient (west) of the impacted wells.  The development and implementation of a 
cleanup plan for the former Whittaker-Bermite facility and the impacted groundwater resources 
is being coordinated among the Castaic Lake Water Agency (CLWA), impacted purveyors, the 
California Department of Toxic Substances Control (DTSC), and the Corps.  For the impacted 
groundwater, a Final Interim Remedial Action Plan for containment and extraction of perchlorate 
was completed and approved by DTSC in January 2006.  Design of the treatment facilities and 
related pipelines also was completed in 2006.  Construction of these facilities to implement the 
pump-and-treat program and to also restore inactivated well capacity is anticipated to conclude 
in mid-2008, with the facilities on line by fall 2008 (Luhdorff and Scalmanini, 2006). 

Table 2-39:  Groundwater Monitoring Data 
 Average Concentration 

Parameter Units 

Basin Plan 
Objective / 
Maximum 

Contaminant 
Level  

Alluvial  
Well E-15 

Alluvial 
Well C 

Alluvial 
Well B6 

Saugus 
Well 206 

Aluminum µg/L 1,000(2) ND ND ND ND 
Arsenic µg/L 50(2) n/a ND ND n/a 
Barium mg/L 1(2) ND 0.02 0.03 ND 
Beryllium µg/L 4(2) ND n/a n/a ND 
Cadmium µg/L 5(2) ND ND ND ND 
Chromium µg/L 50(2) ND ND ND ND 
Copper µg/L 1,000(3) ND ND ND ND 
Iron mg/L 0.3(3) ND 0.1 0.4 ND 
Manganese µg/L 50(3) ND ND ND ND 
Mercury, Total µg/L 2(2) n/a ND ND n/a 
Nickel µg/L 100(2) ND ND ND ND 
Selenium µg/L 50(2) n/a ND ND n/a 
Silver µg/L 100(3) NA ND ND n/a 
Thallium µg/L 2(2) NA ND ND n/a 
Zinc µg/L 5,000(3) ND ND ND ND 
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 Average Concentration 

Parameter Units 

Basin Plan 
Objective / 
Maximum 

Contaminant 
Level  

Alluvial  
Well E-15 

Alluvial 
Well C 

Alluvial 
Well B6 

Saugus 
Well 206 

Alkalinity as CaCO3 mg/L -- 226 255 295 221 
Boron mg/L 1.0(1) 0.48 0.39 0.48 n/a 
Chloride mg/L 150(1) 90 57 82 45 
Color Color unit 15(3) ND ND 5 ND 
Cyanide, total mg/L 0.15(2) n/a ND ND n/a 
Fluoride mg/L 2.0(2) 0.8 0.7 0.8 0.2 
Hardness as CaCO3 mg/L -- 499 410 510 464 
MBAS mg/L 0.5(3) n/a ND ND n/a 
Nitrate as NO3 mg/L 45(1) 18.5 9.5 10.6 20.9 
Nitrite as N mg/L 1(1) ND ND ND ND 
Nitrate+Nitrite as N mg/L 10(1) 3.6 2.1 2.4 4.7 
Odor TON 3(3) 1.1 ND ND 1 
Specific Conductance umhos/cm 900-1600(3) 1317 1150 1400 1158 
Sulfate mg/L 350(1) 314 285 360 293 
TDS mg/L 1,000(1) 969 760 950 861 
Turbidity NTU 5(3) 0.4 0.35 1.4 0.2 
Volatile Organic 
Chemicals (VOCs) µg/L variable ND ND ND ND 

Synthetic Organic 
Chemicals (SVOCs) µg/L variable ND ND ND ND 

Key: Bold Exceeds Standard  
-- = no applicable basin plan objective or MCL 
n/a = not analyzed 
ND = none detected 
1Los Angeles Basin Plan Regional Objectives for Groundwater (Table 3-10). 
2California Department of Public Health Primary Drinking Water MCL (Title 22 CCR Table 64431-A and Table 
64444-A). 
3California Department of Public Health Secondary Drinking Water MCL (Title 22 CCR Table 64449-A and Table 
64449-B). 
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3. REGULATORY SETTING 

3.1. Clean Water Act 

In 1972, the Federal Water Pollution Control Act [later referred to as the Clean Water Act 
(CWA)] was amended to require National Pollutant Discharge Elimination System (NPDES) 
permits for the discharge of pollutants to waters of the United States from any point source.  In 
1987, the CWA was amended to require that the United States Environmental Protection Agency 
(USEPA) establish regulations for permitting of municipal and industrial stormwater discharges 
under the NPDES permit program.  The USEPA published final regulations regarding 
stormwater discharges on November 16, 1990.  The regulations require that municipal separate 
storm sewer system (MS4) discharges to surface waters be regulated by a NPDES permit.   

In addition, the CWA requires the States to adopt water quality standards for receiving water 
bodies and to have those standards approved by the USEPA.  Water quality standards consist of 
designated beneficial uses for a particular receiving water body (e.g. wildlife habitat, agricultural 
supply, fishing etc.), along with water quality criteria necessary to support those uses.  Water 
quality criteria are prescribed concentrations or levels of constituents – such as lead, suspended 
sediment, and fecal coliform bacteria – or narrative statements which represent the quality of 
water that support a particular use.  Because California had not established a complete list of 
acceptable water quality criteria, USEPA established numeric water quality criteria for certain 
toxic constituents in receiving waters with human health or aquatic life designated uses in the 
form of the California Toxics Rule (“CTR”) (40 CFR 131.38).  

3.2. CWA Section 303(d) - TMDLs 

When designated beneficial uses of a particular receiving water body are being compromised by 
water quality, Section 303(d) of the CWA requires identifying and listing that water body as 
“impaired”.  Once a water body has been deemed impaired, a Total Maximum Daily Load 
(TMDL) must be developed for the impairing pollutant(s).  A TMDL is an estimate of the total 
load of pollutants from point, non-point, and natural sources that a water body may receive 
without exceeding applicable water quality standards (with a “factor of safety” included).  Once 
established, the TMDL allocates the loads among current and future pollutant sources to the 
water body.  

The NRSP sub-regional projects will discharge runoff to Santa Clara River Reach 5.  Table 3-1 
lists the water quality impairments for the Santa Clara River, at and downstream of the NRSP 
location, as reported in the most recent (2006) CWA Section 303(d) List of Water Quality 
Limited Segments.  Table 3-2 lists the 2006 Section 303(d) List of Water Quality Limited 
Segments Being Addressed by EPA Approved TMDLs.  States are required to submit the 
Section 303(d) list and TMDL priorities to the EPA for approval.  The 2006 Section 303(d) list 
was adopted by the SWRCB and approved for transmittal to EPA on October 25, 2006.  The 



 

60 
Newhall Ranch Specific Plan Sub-Regional Stormwater Mitigation Plan 4/10/2008 

2006 Section 303(d) list was approved by USEPA on June 28, 2007.  Reach 5  of the Santa Clara 
River is listed for coliform bacteria and for chloride as “being addressed” in the reach.  
Downstream segments of the river, below the dry gap in Reach 4, are listed for total dissolved 
solids (TDS), toxicity, coliform bacteria, chlorinated legacy pesticides, and Toxaphene.  Reach 3 
is listed for ammonia and chloride as “being addressed.” 

The Regional Board has adopted TMDLs for nitrogen compounds (nitrate plus nitrite-nitrogen 
and ammonia) and chloride into the Water Quality Control Plan for Los Angeles Region (Basin 
Plan).  The wasteload allocations for stormwater discharges into Reach 5  of the Santa Clara 
River are summarized in Table 3-3.  Pollutant reductions are regulated through effluent limits 
prescribed in POTW and minor point source NPDES Permits, Best Management Practices 
(BMPs) required in NPDES MS4 Permits, and State Water Resource Control Board (SWRCB) 
Management Measures for nonpoint source discharges.  The Regional Board has not yet adopted 
a TMDL for coliform in Reach 5 . 

 

3.3. California Toxics Rule 

The California Toxics Rule (40 C.F.R. §131.38) is a federal regulation issued by the USEPA that 
provides water quality criteria for toxic pollutants in waters with human health or aquatic life 
designated uses in California.  Not all waters receiving flows from the NRSP area, such as the 
tributaries to the Santa Clara River, are specifically designated with human health or aquatic life 
uses. However, the Santa Clara River does have such designated uses. Although CTR criteria do 
not apply directly to discharges of stormwater runoff, they can provide a useful benchmark to 
assess the potential impacts to the water quality of receiving waters from NRSP project 
stormwater runoff discharges. Here, the freshwater aquatic life criteria are used as benchmarks to 
evaluate the potential impacts of stormwater runoff to the NRSP projects' receiving waters. The 
CTR also contains human health criteria which are derived for drinking water sources and for 
fish consumption only.  Since the human health criteria are less stringent than the aquatic life 
criteria for the pollutants of concern for the NRSP projects, the aquatic life criteria are used. 
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Table 3-1:  2006 CWA Section 303(d) Listings for the Santa Clara River Mainstem 
SCR Reach 

or 
Tributary1 

Geographic Description & 
Distance from Project to 
Upstream End of Reach Pollutants 

303(d) List Proposed TMDL 
Completion Potential Sources 

5 
Blue Cut Gaging Station to West 
Pier Hwy 99  

(Project location) 
1) High Coliform Count 1)  2019 1)  Nonpoint and Point Sources 

3 
Freeman diversion dam to “A” 
street 2 

(25 miles) 
1) Total Dissolved Solids  1) 2019 1)  Nonpoint and Point Sources 

1 
Estuary to Highway 101 Bridge 

(30 miles) 
1)  Toxicity 1)  2019 1)  Source Unknown 

-- 
Estuary  

(40 miles) 

1) ChemA3 

2) Coliform 

3) Toxaphene 

1)  2019 

2)  2019 

3)  2019 

1)  Source Unknown 

2)  Nonpoint Source 

3)  Nonpoint Source 
1SCR reaches upstream of the NRSP subregion have not been included. 
2Reach 3 is downstream of the Dry Gap in Reach 4. 
3ChemA suite of chlorinated legacy pesticides include: Aldrin, chlordane, Dieldrin, Endosulfan I/II, Endrin, gamma-BHC, heptachlor, heptachlor epoxide, and 
Toxaphene.  
 

Table 3-2:  2006 CWA Section 303(d) List of Water Quality Limited Segments Being Addressed By EPA Approved TMDLs 
Waterbody Name Pollutants Potential Sources  EPA Approved TMDL 

Santa Clara River Reach 5 1. Chloride 1) Nonpoint/Point Source 1) 2005 

Santa Clara River Reach 3 
1. Ammonia 

2. Chloride 

1) Nonpoint/Point Source  

2) Nonpoint/Point Source 

1) 2004 

2) 2002 
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Table 3-3:  TMDL Wasteload Allocations for MS4 and Stormwater Sources to Santa Clara River Reach 5 
Impairing 
Pollutant  Numeric Water Quality Objective Wasteload Allocation 

Chloride 

(Resolution 
No. 04-004) 

100 mg/L. 

Wasteload allocations have been adopted for the Saugus WRP 
and the Valencia WRP.  Other NPDES discharges contribute a 
minor chloride load.  The wasteload allocation for these point 
sources is 100 mg/L. 

The source analysis indicates that nonpoint sources are not a 
major source of chloride.  The load allocations for nonpoint 
sources is 100 mg/L. 

Nitrogen 
Compounds 

(Resolution 
No. 03-011) 

The numeric target for NO3-N + NO2-N in the Nitrogen Compounds TMDL was 
based on achieving the existing water quality objective of 5 mg/L NO3-N + NO2-
N.  The numeric target that was used to calculate the wasteload allocations 
included a 10% margin of safety; thus the numeric target is 4.5 mg/L NO3-N + 
NO2-N (30-day average). 

 

The water quality objectives for ammonia in Reach 5 used in the Nitrogen 
Compounds TMDL are: 

TMDL Ammonia Water Quality Objective (mg/L as N) 

 1-hr average               30-day average 

Reach 5 at County Line              3.4                                 1.2 

Reach 5 below Valencia             5.5                                 2.0 

Reach 5 above Valencia             4.8                                 2.0 

 

Concentration-based wasteloads are allocated to municipal, 
industrial, and construction stormwater sources regulated 
under NPDES permits.  For stormwater Permittees 
discharging into Reach 5, the following wasteload allocations 
apply: 

30-day average nitrate plus nitrite =  6.8 mg/L (NO3-N + 
NO2-N) 

1-hour average ammonia =  5.2 mg/L (NH3 as N) 

30-day average ammonia =  1.75 mg/l (NH3 as N) 
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Freshwater aquatic life criteria for certain metals in the CTR are expressed as a function of 
hardness because hardness, and/or water quality characteristics that are usually correlated with 
hardness, can reduce the toxicities of some metals 4.  The minimum wet weather hardness value 
of 250 mg/L as CaCO3 from USGS station 11108500 was used to approximate CTR criteria for 
metals.  This value is likely to be more representative of conditions in the Santa Clara River 
within the NRSP subregion than Los Angeles County’s Station 29 based on the water quality 
data summarized in Section 2.7 above.  As per requirements of their discharge permit, the 
Valencia Water Reclamation Plant has a monitoring station just upstream of the NRSP subregion 
area.  Monthly hardness values for the Santa Clara River at this station ranged from 326 to 360 
mg/L as CaCO3 in 2004.  Other water quality comparisons to this station were not made due to 
lack of wet weather monitoring.  The hardness value of 250 mg/L is a conservative estimate of 
wet weather hardness values that should occur in the NRSP subregion area, although higher 
values are likely to occur.  

The CTR also establishes two types of aquatic life criteria: acute and chronic. Acute criteria 
represent the highest concentration of a pollutant to which aquatic life can be exposed for a short 
period of time without deleterious effects; chronic criteria equal the highest concentration to 
which aquatic life can be exposed for an extended period of time (four days) without deleterious 
effects. Due to the intermittent nature of stormwater runoff (especially in southern California), 
the acute criteria are considered to be more applicable to stormwater conditions than chronic 
criteria. For example, the average storm duration in the 38-year Newhall gage rainfall record is 
11.3 hours.  In this document, the acute CTR criteria are used as one type of benchmark to 
evaluate the potential ecological impacts of Project runoff on the receiving waters.   

3.4. California Porter-Cologne Act 

The federal CWA places the primary responsibility for the control of surface water pollution and 
for planning the development and use of water resources with the states, although it does 
establish certain guidelines for the states to follow in developing their programs and allows 
USEPA to withdraw control from states with inadequate implementation mechanisms. 

California‘s primary statute governing water quality and water pollution issues with respect to 
both surface waters and groundwater is the Porter-Cologne Water Quality Control Act of 1970 
                                                 

4 The toxicity of a chemical to an aquatic organism may vary according to attributes of the organism, chemical 
composition, and exposure environment, so that the chemical is more or less "bioavailable."  Many chemicals exist 
in a variety of forms (chemical species), and such chemical speciation affects bioavailability because relative uptake 
rates can differ among chemical species and the relative concentrations of chemical species can differ among 
exposure conditions. Usually, metal toxicity is reduced by increased water hardness, which is composed of cations 
(primarily calcium and magnesium). In some cases, the apparent effect of hardness on toxicity might be partly due 
to complexation of the metal by higher concentrations of hydroxide and/or carbonate (increased pH and alkalinity) 
commonly associated with higher hardness. (USEPA, 2007) 
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(Porter-Cologne Act). The Porter-Cologne Act grants the State Water Resource Control Board 
(SWRCB) and the Regional Water Quality Control Boards (RWQCBs) power to protect water 
quality and is the primary vehicle for implementation of California’s responsibilities under the 
federal Clean Water Act.  The Porter-Cologne Act grants the SWRCB and the RWQCBs 
authority and responsibility to adopt plans and policies, to regulate discharges of waste to surface 
and groundwater, to regulate waste disposal sites and to require cleanup of discharges of 
hazardous materials and other pollutants.  The Porter-Cologne Act also establishes reporting 
requirements for unintended discharges of any hazardous substance, sewage, or oil or petroleum 
product. 

Each RWQCB must formulate and adopt a water quality control plan (Basin Plan) for its region.  
The Basin Plan must conform to the policies set forth in the Porter-Cologne Act and established 
by the SWRCB in its state water policy.  To implement State and Federal law, the Basin Plan 
establishes beneficial uses for surface and groundwaters in the region, and sets forth narrative 
and numeric water quality standards to protect those beneficial uses.  The Porter-Cologne Act 
also provides that a RWQCB may include within its regional plan water discharge prohibitions 
applicable to particular conditions, areas, or types of waste.   

3.5. Basin Plan 

The applicable Basin Plan (LARWQCB, 1994, as amended) provides quantitative and narrative 
criteria for a range of water quality constituents applicable to certain receiving water bodies and 
groundwater basins within the Los Angeles Region.  Specific criteria are provided for the larger, 
designated water bodies within the region, as well as general criteria or guidelines for ocean 
waters, bays and estuaries, inland surface waters, and groundwaters.  In general, the narrative 
criteria require that degradation of water quality does not occur due to increases in pollutant 
loads that will adversely impact the designated beneficial uses of a water body.  For example, the 
Los Angeles Basin Plan requires that “Inland surface waters shall not contain suspended or 
settleable solids in amounts which cause a nuisance or adversely affect beneficial uses as a result 
of controllable water quality factors.”  Water quality criteria apply within receiving waters as 
opposed to applying directly to runoff; therefore, water quality criteria from the Basin Plan are 
utilized as benchmarks as one method to evaluate the potential ecological impacts of  NRSP 
subregion project runoff on the receiving waters of the proposed project.  Table 2-2 above lists 
the beneficial uses of applicable receiving surface waters.  

The Basin Plan also contains water quality criteria for groundwater basins.  For example, the 
Basin Plan requires that “Groundwaters shall not contain taste or odor producing substances in 
concentrations that cause nuisance or adversely affect beneficial uses.”  Table 2-38 above lists 
the beneficial uses of the applicable groundwater basin. 
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3.6. MS4 Permit 

In 2001, the Los Angeles Regional Water Quality Control Board (LARWQCB, 2001) issued an 
NPDES Permit and Waste Discharge Requirements (Order No. 01-182) under the CWA and the 
Porter-Cologne Act for discharges of urban runoff in public storm drains in Los Angeles County.  
The Permittees are the Los Angeles County cities and the County (collectively “the Co-
Permittees”).  This permit regulates stormwater discharges from MS4s in the NRSP subregion.  
The NPDES permit details requirements for new development and significant redevelopment, 
including specific sizing criteria for treatment BMPs and flow control requirements. 

To implement the requirements of the NPDES permit, the Co-permittees have developed 
development planning guidance and control measures that control and mitigate stormwater 
quality and quantity impacts to receiving waters as a result of new development and 
redevelopment.  They are also required to implement other municipal source detection and 
elimination programs, as well as maintenance measures.   

3.6.1. Stormwater Quality Management Program 

The MS4 Permit contains the following provisions for implementation of the Stormwater Quality 
Management Program (SQMP) by the Co-permittees: 

• General Requirements – Each Permittee is required to implement the SQMP to comply 
with applicable storm water program requirements and implement additional controls 
where necessary to reduce the discharge of pollutants in stormwater to the “maximum 
extent practicable” (MEP). 

• BMP Implementation – Permittees are required to implement the most effective 
combination of BMPs for stormwater/urban runoff pollution control. 

• SQMP Revision – Permittees are required to revise the SQMP to comply with regional, 
watershed specific requirements, and/or waste load allocations for implementation of 
TMDLs for impaired waterbodies. 

• Responsibilities of the Principal Permittee – The responsibilities of the Los Angeles 
County Department of Public Works (as the Principal Permittee) include, but are not 
limited to, coordinating activities necessary to comply with the NPDES permit, providing 
personnel and fiscal resources for SQMP updates and annual reports and summaries of 
reports required under the SQMP, and implementing a County-wide Monitoring Program 
and evaluating results of the monitoring program. 

• Responsibilities of Permittees – Each Permittee is required to comply with the 
requirements of the SQMP applicable to the discharges within its boundaries. 

• Watershed Management Committees (WMCs) – WMCs are comprised of a voting 
representative from each Permittee within the Watershed Management Areas (WMAs). 
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WMCs are required to facilitate efforts and exchange of information between Permittees, 
establish additional goals for WMAs, prioritize pollution control efforts, monitor 
implementation of tasks designated for the WMA, and assess the effectiveness of and 
recommend revisions to the SQMP.  

• Legal Authority – Permittees are granted the necessary legal authority to prohibit non-
storm water discharges to the storm drain system. 

The objective of the SQMP is to reduce pollutants in urban stormwater discharges to the 
"maximum extent practicable" in order to attain water quality objectives and to protect the 
beneficial uses of receiving waters in Los Angeles County.  Special provisions are provided in 
the MS4 permit to facilitate implementation of the SQMP.  These provisions include:  

• BMP substitution – Substitution of site-specific BMPs is allowed provided the alternative 
BMP will meet or exceed pollutant reduction of the original BMP, the fiscal burden of 
the original BMP is substantially greater than the proposed alternative, and the 
alternative BMP will be implemented within a similar time period. 

• Public Information and Participation Program (PIPP) – This requires the Permittee to 
identify how public education needs were determined, who is responsible for developing 
and implementing the program, and the method used to determine its effectiveness. 

• Industrial/Commercial Facilities Control Program – This requires the Permittee to 
develop a plan for managing stormwater runoff from industrial and commercial facilities. 
This program will track, inspect, and ensure compliance at industrial and commercial 
facilities that are sources of pollutants in storm water. 

• Development Planning Program – This requires the Permittee to implement a 
development-planning program that requires new development and redevelopment 
projects to minimize impacts from stormwater and urban runoff. 

• Development Construction Program – This requires the Permittee to implement a 
program to control runoff from construction activity to minimize erosion and 
transportation of sediment and prevent non-stormwater discharges from equipment and 
vehicle washing. 

• Public Agency Activities Program – This requires municipalities to evaluate existing 
public agency activities that have an impact on stormwater quality (such as vehicle 
maintenance, landscape maintenance and weed control, and construction and 
maintenance of streets, roads, and flood control systems) and to develop a program to 
reduce stormwater impacts with a schedule for implementation. 

• Illicit Connections and Illicit Discharges Elimination Program – This requires each 
Permittee to have a plan for finding and preventing illegal connections and discharges 
and a mechanism for enforcing against illegal connections and discharges. 
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3.6.2. Standard Urban Stormwater Mitigation Plan 

On March 8, 2000, the development planning program requirements, including the Standard 
Urban Stormwater Mitigation Plan requirements (collectively, development planning program 
requirements, including Standard Urban Stormwater Mitigation Pan requirements, are referred to 
in this report as SUSMP requirements) were approved by the RWQCB as part of the MS4 
program to address stormwater pollution from new construction and redevelopment.  The 
SUSMP contains a list of minimum BMPs that must be employed to infiltrate or treat stormwater 
runoff, control peak flow discharge, and reduce the post-project discharge of pollutants from 
stormwater conveyance systems.  The SUSMP defines, based upon land use type, the types of 
practices that must be included and issues that must be addressed as appropriate to the 
development type and size.  Compliance with SUSMP requirements is used as one method to 
evaluate significance of project development impacts on surface water runoff. 

Finalized in May 2000, the County of Los Angeles’ “Manual for the Standard Urban Stormwater 
Mitigation Plan” details the requirements for new development and significant redevelopment 
BMPs (Los Angeles County, 2000) (the “SUSMP Manual”).  The SUSMP Manual is a model 
guidance document for use by Permittees and individual project owners to select post-
construction BMPs and otherwise comply with the SUSMP requirements.  It addresses water 
quality and drainage issues by specifying design standards for structural or treatment control 
BMPs that infiltrate or treat stormwater runoff and control peak flow discharge.  BMPs are 
defined in the SUSMP Manual and SUSMP requirements as any program, technology, process, 
sizing criteria, operational methods or measures, or engineered systems, which, when 
implemented, prevent, control, remove, or reduce pollution.  Treatment BMP sizing criteria and 
design guidance are also contained in the MS4 Permit and in the Manual.    

One of the most important requirements within the SUSMP is the specific sizing criteria for 
stormwater treatment BMPs for new development and significant redevelopment projects. The 
SUSMP includes sizing criteria for both volume-based and flow-based BMPs.  The sizing 
criteria options for volume-based BMPs, such as extended detention basins, are as follows: 

1. The 85th percentile 24-hour runoff event storm event determined as the maximized 
capture stormwater volume for the area, from the formula recommended in Urban Runoff 
Quality Management, WEF Manual of Practice No. 23/ASCE Manual of Practice No. 87 
(WEF, 1998); or, 

 
2. The volume of annual runoff based on unit basin storage volume, to achieve 80% or more 

volume treatment by the method recommended in California Stormwater Best 
Management Practices Handbook – Industrial/Commercial (1993); or, 

 
3. The volume of runoff produced from a 0.75 inch storm event, prior to its discharge to a 

stormwater conveyance system; or, 
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4. The volume of runoff produced from a historical-record based reference 24-hour rainfall 
criterion for “treatment” (0.75 inch average for the Los Angeles County Area) that 
achieves approximately the same reduction in pollutant loads and flows as achieved by 
mitigation of the 85th percentile, 24-hour runoff event. 

 

Stormwater treatment facilities will be designed to meet or exceed the sizing standards contained 
in the SUSMP Manual.  Volume-based treatment control BMPs for the NRSP projects will be 
sized to capture and treat 80 percent of the annual runoff volume, with a drawdown time of 48 
hours.  This methodology utilizes historical rainfall data with continuous simulation modeling to 
calculate the treatment volume for each treatment control BMP and is consistent with criteria 2 
above.   

Flow-based BMPs, such as vegetated swales, must be designed to infiltrate or treat the maximum 
flow rate generated from one of the following scenarios: 

1. The flow of runoff produced from a rain event equal to at least 0.2 inches per hour 
intensity, or 

 
2. The flow of runoff produced from a rain event equal to at least two times the 85th 

percentile hourly rainfall intensity for Los Angeles County, or 
 
3. The flow of runoff produced from a rain event that will result in treatment of the same 

portion of runoff as treated using volumetric standards above. 
 

Flow-based BMPs for the NRSP projects will be sized using a rainfall intensity of 0.3 inches per 
hour, which will result in treatment of the same portion of runoff as treated using volumetric 
standards above (criteria 3).   

BMP sizing for each project within the NRSP will be finalized during the design stage by the 
project engineer with the final project-level hydrology study, which will be prepared and 
approved to ensure consistency with this analysis prior to issuance of a grading permit. 

Also, the SUSMP includes general design specifications for individual priority project 
categories.  These include: 

• Single-Family Hillside Home 

• 100,000 square foot commercial developments 

• Restaurants 

• Retail gasoline outlets 
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• Automotive repair shops 

• Parking lots 

For example, commercial developments must have properly designed loading and unloading 
dock areas, repair and maintenance bays, and vehicle equipment wash areas.  Restaurants need to 
have properly designed equipment and accessory wash areas.  Parking lots have to be properly 
designed to limit oil contamination and have regular maintenance of parking lot stormwater 
treatment systems (e.g., storm drain filters and biofilters).  

The NRSP projects are required to incorporate appropriate SUSMP requirements into project 
plans as part of the development plan approval process.  These project plans will identify the 
general design specifications related to parking lots and other project features associated with the 
NRSP projects.  BMP designs will be evaluated in the Project Water Quality Technical Report 
(Project WQTR) to ensure consistency with this NRSP Sub-Regional SWMP as part of the 
project-level CEQA analysis.  All BMPs to be included in the Project per the requirements and 
standards of this analysis and the Project WQTR will be incorporated into the Project SUSMP 
prepared for each NRSP development prior to the first to occur of issuance of grading permit or 
recordation of final tract map. (See Section 1.0) 

3.6.3. Hydromodification and Peak Flow Control 

Part 4. Section D.1. of the MS4 Permit notes that increased volume, velocity, and discharge 
duration of stormwater runoff from developed areas may potentially accelerate downstream 
erosion and impair habitat-related beneficial uses in Natural Drainage Systems.  As a result, 
Section D.1. of the Permit stipulates that Permittees shall control post-development peak storm 
water runoff discharge rates, velocities and durations in Natural Drainage Systems to prevent 
accelerated stream erosion and to protect stream habitat.  Natural Drainage Systems are defined 
by the Permit to include the Santa Clara River. 

Further, under Part 4, § D.1 of the MS4 Permit, the County and its Co-permittees were required 
to develop and implement by February 1, 2005, numeric criteria for peak flow control in 
accordance with the findings of the Peak Discharge Impact Study analyzing the potential impacts 
on natural streams due to impervious development.   The County of Los Angeles Department of 
Public Works and the Southern California Storm Water Monitoring Coalition had been 
conducting the study, but the study was not completed in time to meet the February 1st deadline.  
Therefore, on January 31, 2005, the County adopted and submitted to the LARWQCB an Interim 
Peak Flow Standard to be in effect until such time as a final standard can be adopted based on a 
completed study. 

The adopted Los Angeles County Interim Peak Flow Standard was derived from a similar 
Interim Peak Flow Standard for Ventura County approved by the LARWQCB under the SUSMP 
requirements provisions of the MS4 Permit.  The intent of the Interim Standard, as described by 
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the County in the cover letter dated January 31, 2005, signed by Donald L. Wolfe transmitting 
the Interim Standard to Jonathan Bishop of the LARWQB, is to provide protection for natural 
streams to the extent supported by findings from the ongoing study, and consistent with practical 
construction practices. 

The Interim Peak Flow Standard adopted by the County is: 

The Peak Flow Standard shall require that all postdevelopment runoff from a 2-year, 24-
hour storm shall not exceed the predevelopment peak flow rate, burned, from a 2-year, 24-
hour storm when the predevelopment peak flow rate equals or exceeds five cubic feet per 
second.  Discharge flow rates shall be calculated using the County of Los Angeles Modified 
Rational Method.  The Peak Flow Standard shall also require that postdevelopment runoff 
from the 50-year capital storm shall not exceed the predevelopment peak flow rate, burned 
and bulked, from the 50-year capital storm. 

In its cover letter dated January 31, 2005, signed by Donald L. Wolfe, transmitting the Peak 
Flow Interim Standard to Jonathan Bishop of the LARWQB, the County notes that upon 
completion of the Peak Discharge Impact Study, new peak flow standards may be determined to 
be appropriate. 

Per §4.D(9) of the MS4 Permit, this NRSP Sub-Regional Stormwater Mitigation Plan provides 
an alternative performance standard for the NRSP projects to the Interim Peak Flow Standard.  
The NRSP projects will be conditioned to require, as a project design feature, sizing and design 
of hydraulic features as necessary to control hydromodification impacts in accordance with this 
NSRP Sub-Regional SWMP.  See further Section 5.3 below. 

3.7. Construction Permits 

Pursuant to the CWA Section 402(p), requiring regulations for permitting of certain stormwater 
discharges, the State Water Resources Control Board (SWRCB) has issued a statewide general 
NPDES Permit and Waste Discharge Requirements for stormwater discharges from construction 
sites ((NPDES No. CAS000002) California Water Resources Control Board Resolution No. 
2001-046; Modification of Water Quality Order 99-08-DWQ State Water Resources Control 
Board (SWRCB) National Pollutant Discharge Elimination System (NPDES) General Permit for 
Stormwater Discharges Associated with Construction Activity (adopted by the SWRCB on April 
26, 2001)). 

Under this Construction General Permit, discharges of stormwater from construction sites with a 
disturbed area of one or more acres (effective March 2003) are required to either obtain 
individual NPDES permits for stormwater discharges or be covered by the Construction General 
Permit.  Coverage under the Construction General Permit is accomplished by completing and 
filing a Notice of Intent with the SWRCB.  Each applicant under the Construction General 
Permit must ensure that a Stormwater Pollution Prevention Plan (SWPPP) is prepared prior to 
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grading and implemented during construction.  The primary objective of the SWPPP is to 
identify, construct, implement, and maintain BMPs to reduce or eliminate pollutants in 
stormwater discharges and authorized non-stormwater discharges from the construction site 
during construction.  Compliance with the requirements of the Construction General Permit is 
used as one method to evaluate project construction-related impacts on surface water quality. 

3.8. General Waste Discharge Requirements for Dischargers of Groundwater From 
Construction and Project Dewatering 

The Los Angeles Regional Water Quality Control Board has issued a General NPDES Permit 
and General Waste Discharge Requirements (WDRs) (Order No. R4-2003-0111, NPDES No. 
CAG994004) governing construction-related dewatering discharges within the project 
development areas (the “General Dewatering Permit.”)  This permit addresses discharges from 
temporary dewatering operations associated with construction and permanent dewatering 
operations associated with development.  The discharge requirements include provisions 
mandating notification, sampling and analysis, and reporting of dewatering and testing-related 
discharges.  The General Dewatering Permit authorizes such construction-related activities so 
long as all conditions of the permit are fulfilled.  Compliance with the requirements of the 
General Dewatering Permit is used as one method to evaluate project construction-related 
impacts on surface water quality. 

3.9. NPDES Permit for the Newhall Ranch WRP 

On September 6, 2007, the Regional Water Quality Control Board, Los Angeles Region, 
approved Order No. R4-2007-0046, NPDES Permit No. CA0064556, effective October 27, 
2007.  This Order serves as the NPDES Permit for point source discharges from the Newhall 
Ranch WRP, pursuant to section 402 of the federal Clean Water Act and chapter 5.5, division 7 
of the California Water Code.  The Order also serves as the Waste Discharge Requirements for 
the new County Sanitation District with respect to discharges to the Santa Clara River, pursuant 
to article 4, chapter 4, of the California Water Code.  Specifically, the Order specifies limitations 
and discharge requirements for the Newhall Ranch WRP, including discharge prohibitions, 
technology-based and water quality-based effluent limitations, receiving water limitations, and 
other provisions such as monitoring and reporting requirements. 

3.10. Discharge of Fill or Dredge Materials 

Hydrologic conditions of concern addressed in this report include instream changes in sediment 
transport, erosion, and sedimentation, and ultimately channel stability. There is a nexus between 
these concerns and the stream, habitat, and species protection programs administered by the 
United States Army Corps of Engineers (ACOE), California Department of Fish and Game 
(CDFG) and the U.S. Fish and Wildlife Service. 
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Section 404 of the Clean Water Act is a program that regulates the discharge of dredged and fill 
material into waters of the United States, including wetlands.  Activities in waters of the United 
States that are regulated under this program include fills for development (including physical 
alterations to drainages to accommodate storm drainage, stabilization, and flood control 
improvements), water resource projects (such as dams and levees), infrastructure development 
(such as highways and airports), and conversion of wetlands to uplands for farming and forestry.  
USEPA and the ACOE have issued Section 404(b)(1) Guidelines (40 CFR 230) that regulate 
dredge and fill activities, including water quality aspects of such activities.  Subpart C at 
Sections 230.20 thru 230.25 contains water quality regulations applicable to dredge and fill 
activities.  Among other topics, these guidelines address discharges which alter substrate 
elevation or contours, suspended particulates, water clarity, nutrients and chemical content, 
current patterns and water circulation, water fluctuations (including those that alter erosion or 
sediment rates), and salinity gradients.   

Section 401 of the Clean Water Act requires that any person applying for a federal permit or 
license which may result in a discharge of pollutants into waters of the United States must  
obtain a state water quality certification that the activity complies with all applicable water 
quality standards, limitations, and restrictions.  Subject to certain limitations, no license or permit 
may be issued by a federal agency until certification required by Section 401 has been granted. 
Further, no license or permit may be issued if certification has been denied.  CWA Section 404 
permits and authorizations are subject to section 401 certification by the Regional Water Quality 
Control Boards (RWQCBs).  

This report does not analyze the habitat and wildlife impacts associated with physical alterations 
to waters of the United States proposed in conjunction with NRSP projects, such as dredge, fill, 
or bed, bank or channel improvements or stabilization measures affecting waters of the U.S.  The 
impacts associated with these physical alterations are analyzed in detail in the biota and 
floodplain modification sections of the NRSP RMDP and the related EIR/EIS.  As discussed in 
Section 4.4.2 below, this report analyzes the adverse impacts to natural drainage systems that 
may be caused by the Project’s alteration of hydrologic conditions.  The report further analyzes 
water quality impacts associated with the NRSP projects, to support issuance of Section 401 
Water Quality Certification and to allow preparation of Section 404(b)(1) analysis for NRSP 
Section 404 permits. 

3.11. Lake or Streambed Alteration Agreement (LSAA) 

The CDFG is responsible for conserving, protecting, and managing California's fish, wildlife, 
and native plant resources.  To meet this responsibility, the law requires the proponent of a 
project that may impact a river, stream, or lake to notify the CDFG before beginning the project.  
This includes rivers or streams that flow at least periodically or permanently through a bed or 
channel with banks that support fish or other aquatic life and watercourses having a surface or 
subsurface flow that support or have supported riparian vegetation.  



 

73  
Newhall Ranch Specific Plan Sub-Regional Stormwater Mitigation Plan 4/10/2008 

Section 1602 of the Fish and Game Code requires any person who proposes a project that will 
substantially divert or obstruct the natural flow or substantially change the bed, channel, or bank 
of any river, stream, or lake or use materials from a streambed to notify the CDFG before 
beginning the project. Similarly, under section 1602 of the Fish and Game Code, before any 
State or local governmental agency or public utility begins a construction project that will: 1) 
divert, obstruct, or change the natural flow or the bed, channel, or bank of any river, stream, or 
lake; 2) use materials from a streambed; or 3) result in the disposal or deposition of debris, 
waste, or other material containing crumbled, flaked, or ground pavement where it can pass into 
any river, stream, or lake, it must first notify the CDFG of the proposed project.  If the CDFG 
determines that the project may adversely affect existing fish and wildlife resources, a Lake or 
Streambed Alteration Agreement is required.  

As discussed above, this report does not analyze the habitat and wildlife impacts associated with 
physical alterations to waters of the United States proposed in conjunction with NRSP projects, 
such as dredge, fill, or bed, bank or channel improvements or stabilization measures affecting 
waters of the U.S.  The impacts associated with these physical alterations are analyzed in detail 
in the biota and floodplain modification sections of the RMDP and the related EIR/EIS.  As 
discussed in Section 4.4.2 below, this report analyzes the adverse impacts to natural drainage 
systems that may be caused by the project’s alteration of hydrologic conditions. 
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4. POLLUTANTS OF CONCERN AND SIGNIFICANCE CRITERIA 

4.1. Surface Water Pollutants of Concern 

4.1.1. Pollutants of Concern 

Pollutants of concern, as defined in the Los Angeles County SUSMP Manual, consist of any 
pollutants that exhibit one or more of the following characteristics:  current loadings or historic 
deposits of the pollutant are impacting the beneficial uses of a receiving water, elevated levels of 
the pollutant are found in sediments of a receiving water and/or have the potential to 
bioaccumulate in organisms therein, or the detectable inputs of the pollutant are at concentrations 
or loads considered potentially toxic to humans and/or flora and fauna.  The pollutants of concern 
for the water quality analysis are those that are anticipated or potentially could be generated by 
the project at concentrations, based on water quality data collected in Los Angeles County from 
land uses that are the same as those included in the NRSP, that exhibit these characteristics.  
Identification of the pollutants of concern also considered Basin Plan beneficial uses and water 
quality objectives, CTR criteria, and current 303(d) listings and TMDLs in the Santa Clara River, 
as well as pollutants that have the potential to cause toxicity or bioaccumulate in the receiving 
waters.  Appendix A lists the pollutants of concern, the basis for their selection, and the 
significance criteria that will be applied for each. 

The following pollutants were chosen as pollutants of concern for purposes of evaluating water 
based upon the above considerations: 

Sediments (TSS and Turbidity): Excessive erosion, transport, and deposition of sediment in 
surface waters are a significant form of pollution resulting in major water quality problems.  
Sediment imbalances impair waters’ designated uses.  Excessive sediment can impair aquatic life 
by filling interstitial spaces of spawning gravels, impairing fish food sources, filling rearing 
pools, and reducing beneficial habitat structure in stream channels.  In addition, excessive 
sediment can cause taste and odor problems in drinking water supplies and block water intake 
structures. 

Nutrients (Phosphorus and Nitrogen (Nitrate+Nitrite-N and Ammonia-N)): Nutrients of 
concern include inorganic forms of nitrogen (nitrate, nitrite and ammonia) and phosphorus.  
Organic forms of nitrogen are associated with vegetative matter such as particulates from sticks 
and leaves.  Inorganic forms of nitrogen include nitrate, nitrite and ammonia.  Total Nitrogen 
(TN) is a measure of all nitrogen present, including inorganic and particulate forms.  Phosphorus 
can be measured as total phosphorus (TP) or as dissolved phosphorus.  Dissolved phosphorus is 
the more bioavailable form of phosphorus.  TP is often composed mostly of soil-related 
particulate phosphorus.  There are several sources of nutrients in urban areas, mainly fertilizers 
in runoff from lawns, pet wastes, failing septic systems, atmospheric deposition from industry 
and automobile emissions, and soil erosion.  Nutrient over-enrichment is especially prevalent in 
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agricultural areas where manure and fertilizer inputs to crops significantly contribute to nitrogen 
and phosphorus levels in streams and other receiving waters.  Eutrophication due to excessive 
nutrient input can lead to changes in algae, benthic, and fish communities; extreme 
eutrophication can cause hypoxia or anoxia, resulting in fish kills.  Surface algal scum, water 
discoloration, and the release of toxins from sediment can also occur. 

Various downstream reaches of the Santa Clara River are identified as impaired by ammonia and 
nitrate- plus nitrite-nitrogen.  Evidence of impairment includes low diversity of benthic 
macroinvertebrates and observations of excessive algae growth.  A source analysis found that the 
majority of ammonia and nitrate/nitrite loads are from point sources; primarily water reclamation 
plants (WRPs) (LARWQCB, 2003).  Sources from municipal storm sewers are considered a 
minor source, but have a potential to cause significant local effects on water quality 
(LARWQCB, 2003).  TMDLs have been developed and adopted into the Basin Plan for nitrogen 
compounds, including nitrate/nitrite and ammonia.   

Trace Metals (Aluminum, Copper, Lead, and Zinc): The primary sources of trace metals in 
stormwater are typically commercially available metals used in transportation (e.g. automobiles), 
buildings, and infrastructure.  Metals are also found in fuels, adhesives, paints, and other 
coatings.  Copper, lead, and zinc are the most prevalent metals typically found in urban runoff.  
Other trace metals, such as cadmium, chromium, and mercury, are typically either not detected in 
urban runoff or are detected at very low levels (LACDPW, 2000).  Metals are of concern because 
of the potential for toxic effects on aquatic life and the potential for groundwater contamination.  
High metal concentrations can lead to bioaccumulation in fish and shellfish and affect the 
beneficial uses of receiving waters.   

Aluminum has been identified by the Los Angeles County Department of Public Works as a 
constituent of concern for the Santa Clara River based on monitoring conducted at mass emission 
Station S29 (see Section 2.3 above).  In stormwater, the majority of aluminum is in the 
particulate phase.  Its presence in stormwater is mainly due to aluminosilicate minerals found in 
soils, because stormwater particles are largely composed of eroded soils.  Aluminum is a large 
component of soils and is the third most common element in the earth’s crust.  The average 
aluminum soil content is about eight percent (or 80,000 mg/kg) and suspended sediments in 
rivers have total aluminum contents of a similar order of magnitude.  Aluminosilicates include a 
wide range of minerals with varying properties; some are formed during the laying down of the 
earth’s crust and some by weathering processes.  They are highly insoluble and unreactive, 
although aluminum can be extracted and solubilized to some degree under acidic conditions.  
The amount of aluminum extracted will mainly depend on the type and particle size of 
aluminosilicates present in the soil matrix.  A study by Kobayashi and Kizu (2001) showed that 
only eight percent of aluminum remained in waters after passing through a 0.22 micron filter, 
supporting the assertion that the majority of aluminum is found in the insoluble, suspended 
fraction.   According to the USEPA, aluminum is not considered a contaminant of potential 
concern to fish or aquatic organisms when surrounding soil pH is greater than 5.5 or when in 
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solution of a pH above 5.5 (USEPA 2003) because aluminum solubility and resultant toxicity has 
been linked to pH values below this standard.  In general, NRSP area soils are not expected to 
have a pH of less than 5.5.  DeClerk and Singer (2003) compared historic (1945) pH levels of 
agricultural soils in Southern California to 2001 conditions and found that pH levels have 
actually risen, from approximately 7.2 in 1945 to nearly 8.0 in 2001.  As the majority of the  pre-
development land use consists of agriculture or open space, it is safe to assume that soil pH 
levels within the NRSP area will be, for the most part, above 5.5.  In addition, pH in stormwater 
runoff is not expected to be below 5.5, as mean runoff concentrations in the Los Angeles County 
stormwater monitoring data ranged from 6.5 for mixed and single-family residential land uses to 
7.0 for commercial land uses.   In urban areas, aluminum building materials are a minor source 
of aluminum, as the metal is coated in unreactive aluminum oxide. 

Pathogens (Bacteria, Viruses, and Protozoa) – Elevated pathogens are typically caused by the 
transport of domestic animal, wildlife, or human fecal wastes from the watershed.  Runoff that 
flows over land such as urban runoff can mobilize pathogens, including bacteria and viruses.  
Even runoff from natural areas can contain pathogens (e.g., from wildlife).  Other sources of 
pathogens in urban areas include pets, septic systems and leaky sanitary sewer pipes. The 
presence of pathogens in runoff can impair receiving waters and contaminate drinking water 
sources.  Elevated pathogens are typically caused by the transport of animal or human fecal 
wastes from the watershed.  Historically an indicator organism such as fecal coliform has been 
used for pathogens due to the difficulty of monitoring for pathogens directly.  More recently, the 
scientific community has questioned the use of indicator organisms, as scientific studies have 
shown no correlation between indictor and pathogen levels and therefore total and fecal coliform 
may not indicate a significant potential for causing human illness (Paulsen and List, 2005).   
Santa Clara River Reach 5 is identified as impaired by high fecal coliform counts from point and 
nonpoint sources.  Coliform TMDLs have not yet been developed for this river reach. 

Petroleum Hydrocarbons (Oil and Grease and PAHs): The sources of oil, grease, and other 
petroleum hydrocarbons in urban areas include spillage fuels and lubricants, discharge of 
domestic and industrial wastes, atmospheric deposition, and runoff.  Runoff can be contaminated 
by leachate from asphalt roads, wearing of tires, and deposition from automobile exhaust. Also, 
do-it-yourself auto mechanics may dump used oil and other automobile-related fluids directly 
into storm drains.  Petroleum hydrocarbons, such as polycyclic aromatic hydrocarbons (PAHs), 
can bioaccumulate in aquatic organisms from contaminated water, sediments, and food and are 
toxic to aquatic life at low concentrations.  Hydrocarbons can persist in sediments for long 
periods of time and result in adverse impacts on the diversity and abundance of benthic 
communities. Hydrocarbons can be measured as total petroleum hydrocarbons (TPH), oil and 
grease, or as individual groups of hydrocarbons, such as PAHs. 

Pesticides: Pesticides (including herbicides, insecticides and fungicides) are chemical 
compounds commonly used to control insects, rodents, plant diseases, and weeds.  Excessive 
application of a pesticide in connection with agriculture cultivation or landscaping may result in 
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runoff containing toxic levels of its active component. Pesticides may be classified as 
organochlorine pesticides or organophosphorus pesticides, the former being associated with 
persistent bioaccumulative pesticides (e.g., DDT and other legacy pesticides) which have been 
banned.  The Santa Clara River estuary is listed as impaired for legacy pesticides.  
Organophosphorus pesticides include diazinon and chlorpyrifos whose uses also are being 
restricted by USEPA.  

Trash & Debris: Trash (such as paper, plastic, polystyrene packing foam, and aluminum 
materials) and biodegradable organic debris (such as leaves, grass cuttings, and food waste) are 
general waste products on the landscape that can be entrained in urban runoff.  The presence of 
trash & debris may have a significant impact on the recreational value of a water body and 
aquatic habitat.  Excess organic matter can create a high biochemical oxygen demand in a water 
body and thereby lower its water quality.  Also, in areas where stagnant water exists, the 
presence of excess organic matter can promote septic conditions resulting in the growth of 
undesirable organisms and the release of odorous and hazardous compounds such as hydrogen 
sulfide. 

Bioaccumulation: Certain pollutants, such as pesticides, selenium and mercury, have a tendency 
to bioaccumulate.  The Basin Plan and the CTR criteria set forth toxicity objectives for receiving 
water levels of substances that bioaccumulate in aquatic resources to prohibit concentrations of 
toxic substances that are harmful to human health and adversely affect beneficial uses.  

Chloride: High levels of chloride in Santa Clara River Reaches 3, 5 and 6 are causing 
impairment of listed beneficial uses for agricultural irrigation.  Irrigation of salt sensitive crops, 
such as avocados and strawberries, with water containing elevated levels of chloride can result in 
reduced crop yields.  Chloride levels in some areas exceed water quality standards associated 
with groundwater recharge.  Chloride TMDLs have been developed and adopted into the Basin 
Plan.  The major sources of elevated chloride are dry weather discharges from WRPs, 
contributing about 70% of the chloride load.  Minor point sources are dewatering operations, and 
swimming pool and water ride discharges.  

Methylene Blue Activated Substances (MBAS).  MBAS are related to the presence of detergents 
in water.  Positive results may indicate the presence of wastewater or be associated with urban 
runoff due to commercial and/or residential vehicle washing or other outdoor washing activities.  
Surfactants disturb the surface tension which negatively affects insects and can also harm the 
gills in aquatic life.  

Cyanide.  Cyanide has been identified by the Los Angeles County Department of Public Works 
as a constituent of concern for the Santa Clara River based on monitoring conducted at mass 
emission Station S29 (LACDPW, 2005).  Cyanide is used in electroplating, metallurgy, and 
mining.  It is also used to make synthetic fibers, plastics, dyes, pharmaceuticals, and pesticides, 
including fumigants.  In addition, cyanide serves as a chemical intermediate in various 



 

78  
Newhall Ranch Specific Plan Sub-Regional Stormwater Mitigation Plan 4/10/2008 

production processes.  Natural cyanides are produced by certain bacteria, fungi, and algae, and 
they are present in a number of plants and foods as cyanogenic glycosides.  Man-made cyanides 
typically enter the environment from metal finishing and organic chemical industries. Other 
sources include iron and steel works, municipal waste burning, cyanide-containing pesticides, 
road deicers, and vehicle exhaust.   

4.1.2. Other Constituents  

This section discusses other constituents that are listed in the Basin Plan, but for reasons 
explained below, are not pollutants of concern for the NRSP subregion.  

BOD (Biochemical Oxygen Demand) and Dissolved Oxygen.  Adequate levels of dissolved 
oxygen are necessary to support aquatic life.  High levels of oxygen demanding substances 
discharged to receiving waters can depress oxygen levels to levels of concern.  Oxygen 
demanding substances are compounds that can be biologically degraded through aerobic 
processes.  The presence of oxygen demanding substances can deplete oxygen supplies in waters 
and can contribute to algal growth.  Nutrients in fertilizers and food wastes in trash are examples 
of likely oxygen demanding compounds to be present on the NRSP subregion site.  Other 
biodegradable organic materials include human and animal waste and vegetative matter.  
Biodegradable pollutants are largely subsumed by the nutrients and trash and debris categories 
above, and therefore will not be discussed as a separate category. 

Chemical Constituents.  Chemical constituents in excessive amounts in drinking water are 
harmful to human health.  The Basin Plan objective for chemical constituents states: “Surface 
waters shall not contain concentrations of chemical constituents in amounts that adversely affect 
any designated beneficial use.”  As Santa Clara River Reach 5 is not designated with a municipal 
water supply designated use (see Section 2.2.4 above), chemical constituents are not a pollutant 
of concern for the NRSP subregion. 

Temperature.   Increase in temperature can result in lower dissolved oxygen levels, impairing 
habitat and other beneficial uses of receiving waters.  Discharges of wastewater can also cause 
unnatural and/or rapid changes in temperature of receiving waters, which can adversely affect 
aquatic life.  Elevated temperatures are typically associated with discharges of process 
wastewaters or non-contact cooling waters.  As the beneficial uses in the receiving waters for the 
NRSP subregion include warm freshwater habitat to support warm water ecosystems, 
temperatures of stormwater runoff in the NRSP subregion are not of concern. 

Total Residual Chlorine.  Total residual chlorine can be present in wastewater treatment plant 
discharges, or may be present in dry weather urban runoff from the emptying of swimming pools 
that have not been de-chlorinated.  Chlorine is a strong oxidant and is therefore very toxic to 
aquatic life.  Municipal pools and private pools in areas served by a municipal sanitary system 
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are required to be discharged into the sanitary system, and therefore, total residual chlorine will 
not be present in runoff from the NRSP projects. 

Color, Taste, and Odor.  The Basin Plan contains narrative objectives for color, taste, or odor 
that causes a nuisance or adversely affects beneficial uses.  Undesirable tastes and odors in water 
may be a nuisance and may indicate the presence of a pollutant(s).  Odor associated with water 
can result from decomposition of organic matter or the reduction of inorganic compounds, such 
as sulfate.  Other potential sources of odor causing substances, such as heavy industrial 
processes, will not occur as part of the NRSP projects.  Color in water may arise naturally, such 
as from minerals, plant matter, or algae, or may be caused by industrial pollutants.  Project land 
uses will include business park uses such as light manufacturing, warehousing and distribution, 
not heavy industrial land uses.  Therefore, color-, taste-, or odor-producing substances are not 
pollutants of concern for the NRSP projects.  

Exotic Vegetation.  Non-native (exotic) vegetation typically provides little habitat value and can 
out compete native vegetation that is more suitable habitat for aquatic and terrestrial organisms.  
The Basin Plan objective for exotic vegetation states: “Exotic vegetation shall not be introduced 
around stream courses to the extent that such growth causes nuisance or adversely affects 
designated beneficial uses.”  The removal of non-native plant species from natural drainages is 
addressed in the RMDP. 

Mineral Quality: TDS, Sulfate, Boron, and SAR.  Mineral quality in natural waters is largely 
determined by the mineral assemblage of soils and rocks near the land surface.  Elevated mineral 
concentrations could impact beneficial uses; however, the minerals listed in the Basin Plan, 
except chloride and nitrogen, are not believed to be constituents of concern due to the absence of 
river impairments and/or, as with TDS, anticipated post-development runoff concentrations well 
below the Basin Plan objectives (Table 4-1).   Therefore, these constituents are not considered 
pollutants of concern for the NRSP projects. 

Table 4-1:  Comparison of Mineral Basin Plan Objectives with Mean Measured Values in 
LA County 

Mineral 

Los Angeles Basin Plan Water 
Quality Objective for SCR Reach 

5 (mg/L) 
Range of Mean Concentration in 

Urban Runoff1 (mg/L) 

Total Dissolved Solids 1000 53 - 226 

Sulfate 400 7 - 35 

Boron 1.5 0.16 – 0.25 

Sodium Absorption Ratio2 10 0.4 – 1.9 
1Source: LACDPW, 2000.  Land uses include SFR, MFR, commercial, education, transportation, light industrial, 
and mixed residential. 
2Sodium adsorption ratio (SAR) predicts the degree to which irrigation water tends to enter into cation-exchange 
reactions in soil. 
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pH.  The hydrogen ion activity of water (pH) is measured on a logarithmic scale, ranging from 0 
to 14.  While the pH of “pure” water at 25 ºC is 7.0, the pH of natural waters is usually slightly 
basic due to the solubility of carbon dioxide from the atmosphere.  Aquatic organisms can be 
highly sensitive to pH.  The Basin Plan objective for pH is: 

 “the pH of inland surface waters shall not be depressed below 6.5 or raised above 8.5 as a 
result of waste discharges.  Ambient pH levels shall not be changed more than 0.5 units from 
natural conditions as a result of waste discharge.”   

Mean runoff concentrations in the Los Angeles County stormwater monitoring data ranged from 
6.5 for mixed- and single-family residential land uses to 7.0 for commercial land use.  Therefore, 
pH in the Santa Clara River is not expected to be affected by runoff discharges from the NRSP 
projects. 

PCBs.  PCBs are highly toxic persistent chemicals that have been historically released into the 
environment from industrial uses, such as transformers, but are no longer produced in the United 
States.  Due to their persistence, PCBs can still be detected in urban runoff due to historic 
industrial sources of these chemicals.  The NRSP subregion area did not historically include 
PCB-producing land uses.  Therefore, PCBs are not a pollutant of concern for the NRSP projects. 

Radioactive Substances.  Radioactive substances typically occur at very low concentrations in 
natural waters.  Some activities such as mining or certain industrial activities (e.g., energy 
production, fuel reprocessing) can increase the amount of radioactive substances impairing 
beneficial uses.  The NRSP projects will not have industrial or other activities that would be a 
source of any radioactive substances, and development will stabilize any naturally radioactive 
soils, though unlikely to be present in the NRSP subregion.  Therefore, radioactive substances 
are not a pollutant of concern for the NRSP projects. 

Toxicity.  Certain pollutants in stormwater runoff have the potential to be highly toxic to aquatic 
organisms resulting in effects such as impaired reproduction or mortality.  The Basin Plan water 
quality objective for toxicity is:  

 “All surface waters shall be maintained free of toxic substances in concentrations that are 
toxic to, or that produce detrimental physiological responses in human, plant, animal, or 
aquatic life.” 

Toxicity in urban runoff could be caused by ammonia, trace metals, PAHs, or pesticides.  These 
constituents are subsumed by the pollutant of concern categories above. 

4.2. Groundwater Pollutants of Concern 

The NRSP projects will allow for incidental infiltration of urban runoff to groundwater after 
receiving treatment in the PDFs, as well as incidental infiltration of irrigation water.  Research 
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conducted on the effects on groundwater from stormwater infiltration by Pitt et. al. (1994) 
indicate that the potential for contamination is dependent on a number of factors including the 
local hydrogeology and the chemical characteristics of the pollutants of concern. 

Chemical characteristics that influence the potential for groundwater impacts include high 
mobility (low absorption potential), high solubility fractions, and abundance in runoff, including  
dry weather flows.  As a class of constituents, trace metals tend to adsorb onto soil particles and 
are filtered out by the soils.  This has been confirmed by extensive data collected beneath 
stormwater detention/retention ponds in Fresno (conducted as part of the Nationwide Urban 
Runoff Program (Brown & Caldwell, 1984)) that showed that trace metals tended to be adsorbed 
in the upper few feet in the bottom sediments.  Bacteria are also filtered out by soils.  More 
mobile constituents such as chloride and nitrate would have a greater potential for infiltration. 

4.2.1. Pollutants of Concern 

The pollutants of concern for the groundwater quality analysis are those that are anticipated or 
potentially could be generated by the NRSP projects at concentrations, based on water quality 
data collected in Los Angeles County from land uses that are the same as those included in the 
NRSP that exhibit these characteristics.  Identification of the pollutants of concern for the NRSP 
projects considered proposed land uses as well as pollutants that have the potential to impair 
beneficial uses of the groundwaters below the NRSP subregion.  The Los Angeles Basin Plan 
contains numerical objectives for bacteria, mineral quality, nitrogen, and various toxic chemical 
compounds, and contains qualitative objectives for taste and odor. 

Nitrate+nitrite-N was chosen as the pollutant of concern for purposes of evaluating groundwater 
quality impacts based upon the above considerations.  High nitrate levels in drinking water can 
cause health problems in humans.  Infants can develop methemoglobinemia (blue-baby 
syndrome).  Human activities and land use practices can influence nitrogen concentrations in 
groundwaters.  For example, irrigation water containing fertilizers can increase levels of nitrogen 
in groundwater.   

4.2.2. Other Constituents 

Bacteria: The Basin Plan contains numeric criteria for bacteria in drinking water sources.  As 
bacteria are removed through straining in soils (for example, as with septic tank discharges), 
incidental infiltration of runoff in the treatment PDFs is not expected to affect bacteria levels in 
groundwater. The WRP will include a disinfection process to reduce bacteria below levels of 
concern, and therefore bacteria in irrigation water are not expected to impact groundwater. 

Chemical Constituents and Radioactivity: Drinking water limits for inorganic and organic 
chemicals that can be toxic to human health in excessive amounts and radionuclides are 
contained in Title 22 of the California Code of Regulations.  These chemicals and radionuclides 
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are not expected to occur in the NRSP project’s runoff.  Title 22 specifies California’s 
Wastewater Reclamation Criteria (WRC) and the NRSP WRP’s reclaimed water must meet or 
exceed these criteria.  These criteria apply to the treatment processes; treatment performance 
standards, such as removal efficiencies and effluent water quality; process monitoring programs, 
including type and frequency of monitoring; facility operation plans; and necessary reliability 
features. 

Taste and Odor.  The Basin Plan contains a narrative objective for taste and odor that cause a 
nuisance or adversely affect beneficial uses.  Undesirable tastes and odors in groundwater may 
be a nuisance and may indicate the presence of a pollutant(s).  Odor associated with water can 
result from natural processes, such as the decomposition of organic matter or the reduction of 
inorganic compounds, such as sulfate.  Other potential sources of odor causing substances, such 
as industrial processes, will not occur as part of the Project.  Therefore, taste and odor-producing 
substances are not pollutants of concern for the NRSP projects.  

Mineral Quality: TDS, Sulfate, Chloride, and Boron.  Mineral quality in groundwaters is 
largely influenced by the mineral assemblage of soils and rocks that it comes into contact with.  
Elevated mineral concentrations could impact beneficial uses; however, the minerals listed in the 
Basin Plan are not believed to be pollutants of concern due to the anticipated runoff 
concentrations and the expected mineral concentrations in Newhall Ranch WRP irrigation water, 
which are below the Basin Plan groundwater objectives (Table 4-2).   

As required by the CWA, the Newhall Ranch WRP discharge permit includes effluent limitations 
that are protective of receiving water quality and designated beneficial uses (LARWQCB, 2007).  
Effluent limits in the WDR were developed based on the most stringent of applicable 
technology-based and water quality-based standards, including Basin Plan surface and 
groundwater objectives, CTR criteria, and applicable TMDL waste load allocations.  Therefore, 
these constituents are not considered pollutants of concern for the Project. 

Table 4-2:  Comparison of Basin Plan Mineral Groundwater Objectives with Mean 
Measured Values in LA County Urban Runoff and Anticipated Irrigation Water Quality 

Mineral 

Los Angeles Basin Plan 
Groundwater Quality 

Objective1 (mg/L) 

Range of Mean 
Concentrations in Urban 

Runoff2 (mg/L) 

Anticipated Average 
Concentration in 
Effluent from the 

NRSP WRP3(mg/L) 

Total Dissolved Solids 1,000 53 – 237 790 

Sulfate 350 7 – 35 165 

Chloride 150 4 – 50 <100 

Boron 1.0 0.2 – 0.3 0.69 
1Eastern Santa Clara-Castaic Valley 
2Source: LACDPW, 2000.  Includes all monitored land uses. 
3Source:  CH2M Hill, 2007. 
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4.3. Hydrologic Conditions of Concern (Hydromodification) 

Urbanization modifies natural watershed and stream hydrologic and geomorphic processes by 
introducing increased volumes and duration of flow via increased runoff from impervious 
surfaces and drainage infrastructure.  Several studies have evaluated affects of increased runoff 
associated with the introduction of impervious surfaces and drainage facilities on geomorphic 
processes (SCCWRP, 2005a; Geosyntec, 2002; Bledsoe & Watson, 2001; Booth, 1990; Hollis, 
1975; Hammer, 1972).  Potential changes to the hydrologic regime may include increases in 
runoff volumes, frequency of runoff events, long-term cumulative duration, as well as increased 
peak flows.  Urbanization may also introduce dry weather flows where only wet weather flows 
existed prior to development.  These changes are referred to as “hydromodification.”   

Hydromodification intensifies sediment transport and often leads to stream channel enlargement 
and loss of habitat and associated riparian species (SCCWRP, 2005a; Geosyntec, 2002; Bledsoe 
& Watson, 2001; MacRae, 1992; Booth, 1990).  Under certain circumstances, development can 
also cause a reduction in the amount of sediment supplied to the stream system, which can lead 
to stream channel incision and widening.  These changes also have the potential to impact 
downstream channels and habitat integrity.  A project that increases runoff due to impervious 
surfaces and traps sediment from upland watershed sources creates compounding effects.   

A change to the project site’s hydrologic regime would be considered a condition of concern if 
the change could have a significant impact on downstream natural channels and habitat integrity, 
alone or in conjunction with impacts of other projects.  

4.4. Significance Criteria and Thresholds for Significance 

4.4.1. Surface Water Quality Significance Thresholds  

Appendix A provides the criteria for evaluating the significance of a potential impact for each 
pollutant of concern.  These criteria and the thresholds for significance can be summarized as 
follows.  The application of the criteria to a decision regarding significance requires an 
integrated or “weight of evidence” approach, rather than a decision based on any one of the 
individual criterion.   

Thresholds of significance for surface water quality impacts have been developed based on a 
review of the MS4 Permit and the CEQA Guidelines, Appendix G.  Significant adverse water 
quality impacts are presumed to occur if the proposed project would:  

• Create sizeable additional sources of polluted runoff to receiving waters that would result 
in exceedances of receiving water quality or substantially degrade water quality in 
receiving waters. 
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• Create sizeable additional sources of polluted runoff that would violate any water quality 
standards or waste discharge requirements for surface water runoff. 

• Create sizeable additional sources of polluted construction site runoff (including polluted 
discharges associated with construction activities such as materials delivery, staging or 
storage, vehicle or equipment fueling, vehicle or equipment maintenance, waste 
handling, or hazardous materials handling or storage) that would violate any water 
quality standards or waste discharge requirements for surface water runoff or 
groundwater discharge. 

This report analyzes whether sizeable additional sources of polluted runoff may result from the 
project based on the results of water quality modeling and qualitative assessments that take into 
account water quality controls or BMPs that are considered Project Design Features (PDFs). Any 
increases in pollutant concentrations or loads in runoff resulting from the development of the 
project site are considered an indication of a potentially significant adverse water quality impact.  
If loads and concentrations resulting from development are predicted to stay the same or to be 
reduced when compared with existing conditions, it is concluded that the project will not cause a 
significant adverse impact to the ambient water quality of the receiving waters for that pollutant.   

If pollutant loads or concentrations are expected to increase, then for both the post-development 
and construction phases, potential impacts are assessed by evaluating compliance of the project, 
including PDFs, with applicable regulatory requirements of the MS4 Permit, including SQMP 
and SUSMP requirements, the Construction General Permit, and the General Dewatering Permit.  
Further, post-development increases in pollutant loads and concentrations are evaluated by 
comparing the magnitude of the increase to relevant benchmarks, including receiving water 
TMDLs and receiving water quality objectives and criteria from the Basin Plan and CTR, as 
described below.  

Receiving Water Benchmarks.  Comparison of post-development water quality concentrations 
in the runoff discharge with benchmark TMDL waste load or load allocations for MS4 
discharges establishes the likelihood that runoff would result in TMDL exceedances in receiving 
waters or would otherwise degrade receiving water quality. 

Comparison of post-development water quality concentrations in the runoff discharge with 
benchmark numeric and narrative receiving water quality criteria as provided in the Basin Plan 
and the CTR facilitates analysis of the potential for runoff to result in exceedances of receiving 
water quality standards, adversely affect beneficial uses, or otherwise degrade receiving waters.   

Water quality criteria are considered benchmarks for comparison purposes only, as such criteria 
apply within receiving waters as opposed to applying directly to runoff discharges.  Narrative 
and numeric water quality objectives contained in the Basin Plan apply to the project’s receiving 
waters.  Water quality criteria contained in the CTR provide concentrations that are not to be 
exceeded in receiving waters more than once in a three year period for those waters designated 
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with aquatic life or human health related uses.  Projections of runoff water quality are compared 
to the acute form of the CTR criteria (as discussed above), as stormwater runoff is associated 
with episodic events of limited duration, whereas chronic criteria apply to 4-day exposures which 
do not describe typical storm events in the NRSP subregion, which last 11 hours on average.  If 
pollutant levels in runoff are not predicted to exceed receiving water benchmarks, it is one 
indication that no significant impacts will result from project development. 

As there is no water quality objective or criteria for total aluminum in the Basin Plan or the CTR, 
the national water quality criteria recommended by the USEPA will be used for comparison 
(USEPA, 1988). 

MS4 Permit Requirements for New Development (SUSMP).  Satisfaction of MS4 Permit 
requirements for new development, including SUSMP requirements and SQMP requirements, 
and satisfaction of construction-related requirements of the Construction General Permit and 
General Dewatering Permit establish compliance with water quality regulatory requirements 
applicable to stormwater runoff. 

The MS4 Permit requires that the SQMP specify BMPs that will be implemented to reduce the 
discharge of pollutants in stormwater to the Maximum Extent Practicable.  MS4 requirements are 
met when new development complies with the SUSMP requirements set forth in the MS4 
Permit.  Under the SUSMP requirements, the effectiveness of stormwater treatment controls are 
primarily based on two factors - the amount of runoff that is captured by the controls and the 
selection of BMPs to address identified pollutants of concern.  Selection and numerical sizing 
criteria for new development treatment controls are included in the MS4 Permit and the County 
SUSMP Manuals.  If the project PDFs meet these criteria, and other source control and site 
design BMPs consistent with the SUSMP requirements are implemented, it indicates that no 
significant impacts will occur as the result of insufficient capacity for stormwater treatment.   

Construction General Permit and General Dewatering Permit.  The Construction General 
Permit requires the development and implementation of a Storm Water Pollution Prevention Plan 
(SWPPP) that describes erosion and sediment control BMPs as well as material management/ 
non-stormwater BMPs that will be used during the construction phase of development. The 
General Dewatering Permit addresses discharges from permanent or temporary dewatering 
operations associated with construction and development and includes provisions mandating 
notification, sampling and analysis, and reporting of dewatering and testing-related discharges.  
To evaluate significance of construction phase project water quality impacts, we evaluate 
whether water quality control is achieved by implementation of BMPs consistent with Best 
Available Technology Economically Achievable and Best Conventional Pollutant Control 
Technology (BAT/BCT), as required by the Construction General Permit and the General 
Dewatering Permit. 
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4.4.2. Significance Thresholds for Hydrologic Conditions of Concern (Hydromodification 
Impacts) 

Thresholds of significance for evaluating hydrologic impacts and conditions of concern have 
been developed based on a review of the MS4 Permit and the CEQA Guidelines, Appendix G.  
Significant adverse impacts to natural drainage systems created by altered hydrologic conditions 
of concern are presumed to occur if the proposed project would:   

• Substantially alter the existing drainage pattern of a natural drainage, stream, or river 
causing substantial erosion, siltation, or channel instability in a manner that substantially 
adversely affects beneficial uses; or 

• Substantially increase the rates, velocities, frequencies, duration and/or seasonality of 
flows causing channel instability and harming sensitive habitats or species in natural 
drainages in a manner that substantially adversely affects beneficial uses. 

4.4.3. Cumulative Impacts 

CEQA requires the analysis of cumulative impacts of a project when the project’s incremental 
effects may be significant when assessed along with the effects of past projects and the effects of 
other current projects, and the reasonably foreseeable effects of probable future projects.  The 
discussion of cumulative impacts must reflect the potential severity of the impacts and their 
likelihood of occurrence, but the discussion and analysis need not provide as great a detail as is 
provided for the direct effects attributable to the project alone.  This report therefore analyzes the 
potential for cumulative water quality impacts, cumulative groundwater quality impacts, and 
cumulative hydrologic impacts generally in accordance with the thresholds for direct impacts 
discussed in Sections 4.4.1 and 4.4.2 above, and Section 4.4.4 below.   See Sections 7.7, 7.8 and 
7.9  below.   

The cumulative analysis of all surface water quality and hydrologic impacts in this report is 
based primarily on "adopted plans and projections" found in the Los Angeles County 
Department of Public Works adopted and approved Hydrology Manual, which have been 
verified by reference to approved plans, including the City of Santa Clarita and County of Los 
Angeles adopted General Plans, as well as available empirical data for the Santa Clara River.  As 
required by CEQA, the focus of the cumulative impacts analysis for this project will be on the 
project's incremental contribution to significant adverse water quality and hydrologic impacts to 
the SCR, taking into account the reasonably foreseeable water quality and hydrologic impacts of 
other projects that may develop impervious surfaces and urban land uses within the SCR 
watershed in accordance with adopted general plans and related projections.  The cumulative 
impacts analysis will consider the project's incremental contribution to significant cumulative 
water quality and hydrologic impacts to the SCR in light of the water quality and hydrology 
impact mitigation achieved by certain of the PDFs.  The analysis will also consider whether the 
project, including PDFs, and future projects, including the Newhall Ranch WRP, will comply 
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with specific requirements in a previously approved ordinance, plan or mitigation program (such 
as the Basin Plan, the CTR, the MS4 Permit, the Construction General Permit, the General 
Dewatering Permit, and WRP regulations and permit conditions) that have been adopted for the 
purpose of avoiding or substantially lessening the cumulative water quality and hydrologic 
impact problems within the geographic area in which the project is located.   

4.4.4. Groundwater Quality Impacts 

Thresholds of significance for evaluating the hydrologic and water quality impacts of the NRSP 
projects on groundwater have been developed based on CEQA Appendix G thresholds.  
Significant adverse impacts to groundwater are presumed to occur if the proposed project would: 

• Substantially deplete groundwater supplies or interfere substantially with groundwater 
recharge so as to cause a net deficit in aquifer volume or a lowering of the local 
groundwater table. 

• Through changes in surface water runoff quality and quantity (including project treatment 
PDFs), and changes in groundwater recharge, result in a violation of any groundwater 
quality standards or waste discharge requirements or otherwise substantially degrade 
water quality. 

Groundwater quality is addressed in Sections 7.8.1 and 7.8.2.  Groundwater quality benchmarks 
were compared with post-development runoff water quality to establish the likelihood that runoff 
would result in a degradation of groundwater quality.  Groundwater recharge is addressed in 
Section 7.8.3.  The hydrologic effects of the NRSP projects on groundwater were examined by 
comparison of historical and present levels of the underlying aquifer to determine the impact of 
development on aquifer volume. 
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5. POST DEVELOPMENT SURFACE WATER QUALITY AND 
HYDROMODIFICATION CONTROL PROJECT DESIGN FEATURES 

Project Design Features (PDFs) for surface water quality and hydrologic impacts include site 
design, source control, treatment control, and hydromodification control BMPs that will be 
incorporated into the NRSP projects and are considered a part of the projects for impact analysis.  
Effective management of wet and dry weather runoff water quality begins with limiting increases 
in runoff pollutants and flows at the source.  Site design and source control BMPs are practices 
designed to minimize surface runoff and the introduction of pollutants into runoff.  Treatment 
control BMPs are designed to remove pollutants once they have been mobilized by rainfall and 
runoff.  Hydromodification control BMPs are designed to control increases in post-development 
runoff flows and/or volumes.  This section describes the post-development site design, source 
control, treatment control, and hydromodification control PDFs for the NRSP projects.   

5.1. SUSMP Requirements and Project Design Features  

Table 5-1 summarizes the SUSMP requirements and the corresponding proposed PDFs that will 
be incorporated into the NRSP projects.  

Table 5-1:  SUSMP Requirements and Corresponding Newhall Ranch Project Design 
Features 
SUSMP Requirement Criteria/ Description Corresponding Newhall Ranch PDFs 

1. Runoff Flow 
Control 

• Control post-development peak 
stormwater runoff discharge rates, 
velocities, and duration in Natural 
Drainage Systems to prevent 
accelerated downstream erosion and 
to protect habitat related beneficial 
uses.5 

• All post-development runoff from a 
2-year, 24-hour storm shall not 
exceed the predevelopment peak 
flow rate, burned, from a 2-year, 24-
hour storm when the 
predevelopment peak flow rate 
equals or exceeds 5 cfs.  Discharge 
flow rates shall be calculated using 
the County of Los Angeles Modified 
Rational Method. 

• Post-development runoff from the 
50-year capital storm shall not 
exceed the predevelopment peak 

• Hydromodification source controls include 
minimizing impervious surfaces through 
clustering development and using bioretention, 
extended detention, and other vegetated 
treatment control BMPs to disconnect 
impervious surfaces and reduce runoff volumes 
through evapotranspiration and infiltration.     

• Extended detention basins can provide 
hydromodification control as well as water 
quality treatment. 

• In-stream stabilization techniques will be 
employed in the tributaries that will receive post 
development NRSP project runoff to prevent 
accelerated erosion and to protect habitat related 
beneficial uses, per the Newhall Ranch RMDP.  

• The NRSP projects will be conditioned to 
require, as a design feature, sizing and design of 
hydraulic features as necessary to control 
hydromodification impacts in accordance with 

                                                 

5 This requirement is from Part 4, § D.1 of the MS4 Permit. 



 

89  
Newhall Ranch Specific Plan Sub-Regional Stormwater Mitigation Plan 4/10/2008 

SUSMP Requirement Criteria/ Description Corresponding Newhall Ranch PDFs 
flow rate, burned and bulked, from 
the 50-year capital storm. 

• Control peak flow discharge to 
provide stream channel and over 
bank flood protection, based on flow 
design criteria selected by the local 
agency. 

this NSRP Sub-Regional SWMP. 

• 50-year capital storm peak flow rate analysis is 
contained in the floodplain modification 
sections of the Newhall Ranch RMDP EIR. 

2. Conserve Natural 
Areas 

• Concentrate or cluster development 
on portions of a site while leaving 
the remaining land in a natural 
undisturbed condition 

• Limit clearing and grading of native 
vegetation at a site to the minimum 
amount needed to build lots, allow 
access, and provide fire protection 

• Maximize trees and other vegetation 
at each site, planting additional 
vegetation, clustering tree areas, and 
promoting the use of native and/or 
drought tolerant plants 

• Promote natural vegetation by using 
parking lot islands and other 
landscaped areas 

• Preserve riparian areas and wetlands  

• The NRSP clusters development into villages. 
Approximately 70% (8,335 acres) of the NRSP 
subregion will remain undeveloped.  

• Site clearing and grading will be limited as 
necessary to allow development, allow access, 
and provide fire protection. 

• Native and/or non-native/non-invasive  
vegetation will be utilized within the 
development.   

• The final project stormwater system will 
include the use of the vegetated treatment 
BMPs, including bioretention placed in 
common area landscaping in commercial and 
multi-family residential areas, roadway median 
strips, and parking lot islands (where 
applicable), vegetated swales, and extended 
detention basins.  

• Riparian buffers will be preserved along the 
Santa Clara River corridor and tributary 
drainages by clustering development upland and 
away from the River and tributary drainages.   

3. Minimize 
Stormwater 
Pollutants of 
Concern 

• Minimize to the maximum extent 
practicable, the introduction of 
pollutants of concern that may result 
in significant impacts, generated 
from site runoff of directly 
connected impervious areas (DCIA), 
to the stormwater conveyance 
system as approved by the building 
official.  

• Treatment control BMPs will be selected to 
address the pollutants of concern for the project 
(see Section 5.3 below).  These BMPs are 
designed to minimize introduction of pollutants 
to the Maximum Extent Practicable (MEP). 

• The NRSP projects will include numerous 
source controls, including education programs, 
animal waste bag stations, street sweeping and 
catch basin cleaning, an Integrated Pest 
Management (IPM) Program for common area 
landscaping in multi-family residential areas 
and commercial areas, use of native and/or non-
native/non-invasive vegetation, and installation 
of a car wash pad in multi-family residential 
areas.  

• An education program will be implemented that 
includes both the education of residents and 
commercial businesses regarding water quality 
issues.  Topics will include services that could 
affect water quality, such as carpet cleaners and 
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SUSMP Requirement Criteria/ Description Corresponding Newhall Ranch PDFs 
others that may not properly dispose of cleaning 
wastes; community car washes; and residential 
car washing. The education program will 
emphasize animal waste management, such as 
the importance of cleaning up after pets and not 
feeding pigeons, seagulls, ducks, and geese. 

• Vegetated treatment control BMPs will allow 
for infiltration of treated stormwater. 

• Landscape watering in common areas, 
commercial areas, multiple family residential 
areas, and in parks will use efficient reclaimed 
water irrigation technologies with centralized 
irrigation controls. 

4. Protect Slopes and 
Channels 

Project plans must include BMPs 
consistent with local codes and 
ordinances and the SUSMP requirements 
to decrease the potential of slopes and/or 
channels from eroding and impacting 
stormwater runoff: 

• Convey runoff safely from the tops 
of slopes and stabilize disturbed 
slopes 

• Utilize natural drainage systems to 
the maximum extent practicable 

• Control or reduce or eliminate flow 
to natural drainage systems to the 
maximum extent practicable 

• Stabilize permanent channel 
crossings 

• Vegetate slopes with native or 
drought tolerant vegetation 

• Install energy dissipaters, such as 
riprap, at the outlets of new storm 
drains, culverts, conduits, or 
channels that enter unlined channels 
in accordance with applicable 
specifications to minimize erosion 
with the approval of all agencies 
with jurisdiction, e.g., the U.S. Army 
Corps of Engineers and the 
California Department of Fish and 
Game. 

• The NRSP projects will provide slope 
stabilization to areas with significant slopes. 

• Natural slopes and native vegetation on slopes 
adjacent to the SCR will be preserved and/or, if 
impacted during construction, they will be 
restored and enhanced.  Native plants will be 
used in all plant palettes placed on restored 
slopes. 

• Project PDFs, including swales, bioretention 
areas, and water quality basins (hydrologic 
source controls), will reduce flows to natural 
channels through infiltration and 
evapotranspiration. 

• The banks of the Santa Clara River at portions 
of this site will be stabilized primarily using  
buried bank stabilization per the Newhall Ranch 
RMDP.  After the implementation of these 
measures and other flow control and volume 
reduction PDFs, the Santa Clara River will be 
capable of handling the expected flow regime 
with little or no erosion.   

• All outlet points to the Santa Clara River and 
tributaries will include energy dissipaters.   

• In-stream stabilization techniques will be 
employed in the tributaries that will receive post 
development NRSP project runoff to prevent 
accelerated erosion and to protect habitat related 
beneficial uses, per the Newhall Ranch RMDP.  
Geomorphic principles will be used to design 
stable, naturalistic drainages given the expected 
hydrologic and sediment regimes. 
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SUSMP Requirement Criteria/ Description Corresponding Newhall Ranch PDFs 

5. Provide Storm Drain 
System Stenciling 
and Signage 

• All storm drain inlets and catch 
basins within the project area must 
be stenciled with prohibitive 
language and/or graphical icons to 
discourage illegal dumping. 

• Signs and prohibitive language 
and/or graphical icons, which 
prohibit illegal dumping, must be 
posted at public access points along 
channels and creeks within the 
project area. 

• Legibility of stencils and signs must 
be maintained. 

• All storm drain inlets and water quality inlets 
will be stenciled or labeled. 

• Signs will be posted in areas where dumping 
could occur. 

• The County, a Landscape or Local Maintenance 
District (LMD), Home Owners Association 
(HOA), or other maintenance entity would 
maintain stencils and signs. 

6. Properly Design 
Outdoor Material 
Storage Areas 

• Where proposed project plans 
include outdoor areas for storage of 
materials that may contribute 
pollutants to the storm water 
conveyance system measures to 
mitigate impacts must be included. 

• Pesticides, fertilizers, paints, and other 
hazardous materials used for maintenance of 
common areas, parks, commercial areas, and 
multifamily residential common areas will be 
kept in enclosed storage areas. 

7. Properly Design 
Trash Storage Areas 

All trash containers must meet the 
following structural or treatment control 
BMP requirements: 

• Trash container areas must have 
drainage from adjoining roofs and 
pavement diverter around the areas. 

• Trash container areas must be 
screened or walled to prevent offsite 
transport of trash. 

• All outdoor trash storage areas will be covered 
and isolated from stormwater runoff. 

 

8. Provide Proof of 
Ongoing BMP 
Maintenance 

• Applicant required to provide 
verification of maintenance 
provisions through such means as 
may be appropriate, including, but 
not limited to legal agreements, 
covenants, and/or Conditional Use 
Permits. 

• Depending on the type and location of the BMP, 
either the County, a Landscape or Local 
Maintenance District (LMD), or Home Owners 
Association (HOA) will be responsible for 
maintenance.  The County will have the right, 
but not the duty, to inspect and maintain the 
BMPs that are maintained by the HOA or LMD, 
at the expense of the HOA or LMD, if they are 
not being properly maintained. 

• The Home Owners Associations or 
commercial/business owners will be responsible 
for operation and maintenance of site-based 
BMPs (such as bioretention placed in common 
area landscaping in multi-family residential 
areas and commercial areas).  

• Los Angeles County Department of Public 
Works will be responsible for maintenance of 
village-level and sub-regional BMPs (dry 
extended detention basins). 
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SUSMP Requirement Criteria/ Description Corresponding Newhall Ranch PDFs 

9. Design Standards 
for Structural or 
Treatment Control 
BMPs 

• Post-construction Structural or 
Treatment Control BMPs shall be 
designed to mitigate (infiltrate or 
treat) stormwater runoff using either 
volumetric treatment control BMPs 
or flow-based treatment control 
BMPs sized per listed criteria (see 
section 3.6.2 above). 

• Stormwater treatment facilities will be designed 
to meet or exceed the sizing standards in the LA 
County SUSMP requirements. 

• Volume-based treatment control BMPs for the 
NRSP projects will be designed to capture 80 
percent or more of the annual runoff volume per 
criteria 2 of the MS4 Permit.   

• Flow-based BMPs will be sized using criteria 3, 
which will provide 80 percent capture of annual 
runoff volume per criteria of the MS4 Permit.   

• The size of the facilities will be finalized during 
the design stage by the Project Engineer with 
the final hydrology study, which will be 
prepared and approved to ensure consistency 
with this analysis prior to issuance of a final 
grading permit. 

• Types of treatment control BMPs that will be 
employed include extended detention basins, 
bioretention, vegetated swales, cartridge media 
filtration, and a combination thereof. 

10.B.1  

Properly Design 
Loading/ Unloading 
Dock Areas (100,000 ft2 
Commercial 
Developments) 

• Cover loading dock areas or design 
drainage to minimize run-on and 
runoff of stormwater 

• Direct connections to storm drains 
from depressed loading docks (truck 
wells) are prohibited 

• Loading dock areas will be covered or designed 
to preclude run-on and runoff.   

• Direct connections to storm drains from 
depressed loading docks (truck wells) will be 
prohibited.   

• Below grade loading docks for fresh food items 
will drain through a Treatment Control BMP 
applicable to the use, such as a catch basin 
insert.   

• Loading docks will be kept in a clean and 
orderly condition through weekly sweeping and 
litter control, at a minimum and immediate 
cleanup of spills and broken containers without 
the use of water. 
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SUSMP Requirement Criteria/ Description Corresponding Newhall Ranch PDFs 

10B.2.  

Properly Design Repair/ 
Maintenance Bays 
(100,000 ft2 Commercial 
Developments) 

• Repair/ maintenance bays must be 
indoors or designed in such a way 
that does not allow stormwater run-
on or contact with stormwater 
runoff. 

• Design a repair/maintenance bay 
drainage system to capture all wash 
water, leaks, and spills.  Connect 
drains to a sump for collection and 
disposal.  Direct connection of the 
repair/ maintenance bays to the 
storm drain system is prohibited.  If 
required by local jurisdiction, obtain 
an Industrial Waste Discharge 
Permit. 

• Commercial areas will not have 
repair/maintenance bays or the bays will 
comply with design requirements. 

10B.3.  

Properly Design 
Vehicle/ Equipment 
Wash Areas (100,000 ft2 
Commercial 
Developments) 

• Self-contained and /or covered, 
equipped with a clarifier, or other 
pretreatment facility, and properly 
connected to a sanitary sewer. 

• Areas for washing/steam cleaning of vehicles 
will be self-contained or covered with a roof or 
overhang; will be equipped with a wash racks 
and with the prior approval of the sewering 
agency; will be equipped with a clarifier or 
other pretreatment facility: and will be properly 
connected to a sanitary sewer.  

10.C.  

Properly Design 
Equipment/ Accessory 
Wash Areas 
(Restaurants)   

• Self-contained, equipped with a 
grease trap, and properly connected 
to a sanitary sewer. 

• If the wash area is to be located 
outdoors, it must be covered, paved, 
have secondary containment, and be 
connected to the sanitary sewer. 

• Food preparation areas shall have either 
contained areas or sinks, each with sanitary 
sewer connections for disposal of wash waters 
containing kitchen and food wastes.   

• If located outside, the containment areas or 
sinks shall also be structurally covered to 
prevent entry of storm water.  Adequate signs 
shall be provided and appropriately placed 
stating the prohibition of discharging washwater 
to the storm drain system. 
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SUSMP Requirement Criteria/ Description Corresponding Newhall Ranch PDFs 

10.D.  

Properly design fueling 
area (Retail Gasoline 
Outlets) 

• The fuel dispensing area must be 
covered with an overhanging roof 
structure or canopy. The cover’s 
minimum dimensions must be equal 
to or greater than the area within the 
grade break. The cover must not 
drain onto the fuel dispensing area 
and the downspouts must be routed 
to prevent drainage across the 
fueling area.  

• The fuel dispensing area must be 
paved with Portland cement concrete 
(or equivalent smooth impervious 
surface). The use of asphalt concrete 
shall be prohibited. 

• The fuel dispensing areas must have 
a 2% to 4% slope to prevent 
ponding, and must be separated from 
the rest of the site by a grade break 
that prevents run-on of urban runoff. 

• At a minimum, the concrete fuel 
dispensing area must extend 6.5 feet 
(2.0 meters) from the corner of each 
fuel dispenser, or the length at which 
the hose and nozzle assembly may 
be operated plus 1 foot (0.3 meter), 
whichever is less. 

• Retail gasoline outlets will comply with design 
requirements. 

10.E.1.  

Properly design fueling 
area (Automotive Repair 
Shops) 

• See requirement 10.D. above. • Automotive repair shop fueling areas will 
comply with design requirements. 

10.E.2.  

Properly design 
repair/maintenance bays 
(Automotive Repair 
Shops) 

• See requirement 10.B.2 above. • Automotive repair shop repair/maintenance 
bays will comply with design requirements. 

10.E.3.  

Properly design 
vehicle/equipment wash 
areas (Automotive 
Repair Shops) 

• Self-contained and/or covered, 
equipped with a clarifier, or other 
pretreatment facility, and properly 
connected to a sanitary sewer or to a 
permitted disposal facility. 

• Automotive repair shop vehicle/equipment 
wash areas will comply with design 
requirements. 

10.E.4.  

Properly design 
loading/unloading dock 
areas (Automotive 
Repair Shops) 

• See requirement 10.B.1. above. • Automotive repair shop loading/unloading dock 
areas will comply with design requirements. 
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SUSMP Requirement Criteria/ Description Corresponding Newhall Ranch PDFs 

10.F.1.  

Properly Design Parking 
Area (Parking Lots) 

• Reduce impervious land coverage of 
parking areas 

• Infiltrate runoff before it reaches the 
storm drain system 

• Treat runoff before it reaches storm 
drain system 

• Commercial and multi-family parking lots will 
incorporate bioretention facilities located in 
islands to promote filtration and infiltration of 
runoff. 

• Stormwater runoff from parking lots will be 
directed to treatment control BMPs, including 
swales, water quality basins, bioretention areas, 
and/or catch basin media filters in compliance 
with SUSMP requirements. 

10.F.2  

Properly Design to Limit 
Oil Contamination and 
Perform Maintenance 
(Parking Lots) 

• Treat to remove oil and petroleum 
hydrocarbons at parking lots that are 
heavily used. 

• Ensure adequate operation and 
maintenance of treatment systems 
particularly sludge and oil removal  

• See above. 

• Treatment of runoff in detention basins, 
bioretention areas, or catch basin inserts will be 
used to address oil and petroleum hydrocarbons 
from high-use parking lots. 

• The Home Owners Associations or property 
owners will be responsible for operation and 
maintenance of treatment control BMPs that 
serve private parking lots.  

13. Limitation of Use 
of Infiltration 
BMPs 

• Infiltration is limited based on 
design of BMP, pollutant 
characteristics, land use, soil 
conditions, and traffic. 

• Appropriate conditions must exist to 
utilize infiltration to treat and reduce 
stormwater runoff for the project. 

• Per the LARWQCB Clarification Letter 
(LARWQCB, 2006), generally, the common 
pollutants in stormwater are filtered or adsorbed 
by soil, and unlike hydrophobic solvents and 
salts, do not cause groundwater contamination. 
In any case, infiltration of 1-2 inches of rainfall 
in semi-arid areas like Southern California 
where there is a high rate of evapo-
transpiration, presents minimal risks. 

• The proposed treatment control BMPs are not 
considered infiltration BMPs; they allow for 
infiltration of fully-treated runoff only. 

 
5.2. Low Impact/Site Design BMPs 

The purpose of low impact/site design BMPs is, to the extent feasible, to mimic the natural 
hydrologic regime.  This low impact/site design philosophy is often referred to as Low Impact 
Development (LID).  The primary goals of low impact/site design BMPs are to maintain a 
landscape functionally equivalent to predevelopment hydrologic conditions and to minimize the 
generation of pollutants of concern.   

Low impact/site design principles include: 

Minimize Impervious Area/Maximize Permeability – Principles include preserving natural open 
space, reducing impervious surfaces such as roads, using more permeable paving materials, 
reducing street widths, using minimal disturbance techniques during development to avoid soil 
compaction, reducing the land coverage of buildings by building taller and narrower footprints, 
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minimizing the use of impervious materials such as decorative concrete in landscape design, and 
incorporating detention or infiltration into landscape design.   

Minimize Directly Connected Impervious Areas (DCIAs) – Minimizing DCIA can be achieved 
by directing runoff from impervious areas to vegetated areas (e.g., landscaped areas or vegetated 
treatment control BMPs) or to infiltration BMPs. 

Conserve Natural Areas – Conserving and protecting native soils, vegetation, and stream 
corridors helps to mimic the site’s natural hydrologic regime.  This may be accomplished by 
clustering development within portions of the site to conserve as much natural open space as 
possible, limiting the extent of clearing and grading of native vegetation, planting additional 
vegetation, using native and/or non-native/non-invasive vegetation in parking lot islands and 
other landscape areas, and preserving and/or restoring riparian areas and wetlands. 

Select Appropriate Building Materials – Use of appropriate building materials reduces the 
generation and discharge of pollutants of concern in runoff (and is therefore also a source control 
BMP). 

Protect Slopes and Channels – Protecting slopes and channels reduces the potential for erosion 
and preserves natural sediment supply. 

5.2.1. Consideration of Spatial Scale 

Low impact/site design implementation for each NRSP project will account for the different 
spatial scales of development.  These spatial scales are listed below, from larger to smaller scale: 

• Ranch scale – the Newhall Ranch Specific Plan sub-region; 

• Village scale – Landmark Village, Mission Village, Homestead, Potrero Valley, Entrada, 
and Legacy projects; 

• Land use scale – single family residential, multi-family residential, commercial, 
education, parks, and roadways within each project, and 

• Lot or parcel scale – individual lots or parcels within each project. 

5.2.2. Newhall Ranch Low Impact/Site Design BMPs 

Table 5-2 below lists the low impact/site design BMPs that will be implemented by the NRSP 
projects at each spatial scale. 
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Table 5-2:  Newhall Land Low Impact/Site Design BMPs 
Spatial Scale Corresponding Low Impact/Site Design BMP 

The NRSP clusters development into villages.  Approximately 70% 
(8,335 acres) of the NRSP subregion will remain undeveloped Open 
Areas. 

A system of Open Areas will weave through the central portion of the 
NRSP subregion. The Open Areas include community parks, 
prominent ridges, bluffs, slopes, creek beds, and utility and trail system 
easements, and would often function as a transition between 
development areas. The Open Areas are designed to protect significant 
landforms and natural resources, and to provide an opportunity to 
integrate the proposed development within its natural context. 

The NRSP Land Use Plan designates a total of 5,159 acres for the 
River Corridor and High Country Special Management Areas (SMAs).  
These SMAs are designed to protect the existing natural resources 
within Los Angeles County’s Significant Ecological Areas SEA 20 and 
SEA 23. 

The 976-acre River Corridor SMA is designed to protect the sensitive 
biological resources in SEA 23, which consists of the Santa Clara 
River corridor. The River Corridor SMA is to be dedicated to the 
Center for Natural Lands Management (CNLM), and the CNLM will 
assume responsibility for management of this area.   

The largest land use designation of the NRSP Land Use Plan is the 
4,185-acre High Country SMA. The High Country is located in the 
southern portion of the sub-region and includes oak savannahs, high 
ridgelines, and various canyon drainages including Salt Creek, a 
regionally significant wildlife corridor that provides an important 
habitat link to the Santa Clara River. The High Country is to be 
dedicated in fee to a Joint Powers Authority (JPA) consisting of 
representatives from the County of Los Angeles, the City of Santa 
Clarita, and the Santa Monica Mountains Conservancy.  

To enhance the wildlife corridor movement through the High Country 
Special Management Area, the 1,517-acre portion of the Salt Creek 
watershed situated in Ventura County, which is under the ownership of 
Newhall Land, will be dedicated to the public. This dedication area is 
west of Newhall Ranch, and will be managed in the same manner as 
the Newhall Ranch High Country SMA. 

1. Ranch 

Two conservation easements of approximately 64 acres have been 
granted to CDFG for the purpose of conserving populations of 
spineflower that occur on the NRSP sub-region. 
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Spatial Scale Corresponding Low Impact/Site Design BMP 

Impervious areas will be minimized by incorporating landscaped areas 
into each village.  Significant portions of each village area will remain 
as open space or parks. 

The village-level stormwater treatment system will include the use of 
vegetated treatment BMPs, including bioretention, vegetated swales, 
and/or extended detention basins. 

In areas not subject to mass grading, the smallest site disturbance area 
possible will be delineated and flagged and temporary storage of 
construction equipment will be restricted in these areas to minimize 
soil compaction on site.  Site clearing and grading will be limited as 
necessary to allow development, allow access, and provide fire 
protection. 

Riparian buffers will be provided along the Santa Clara River corridor 
and major tributaries by clustering development upland and away from 
the River and tributary drainages.   

2. Village 

Natural slopes and native vegetation on slopes adjacent to the SCR will 
be preserved and/or, if impacted during construction, they will be 
restored and enhanced. 

Streets, sidewalks, and parking lot aisles will be constructed to the 
minimum widths specified in the NRSP and in compliance with 
regulations for the Americans with Disabilities Act and safety 
requirements for fire and emergency vehicle access.   

Trails in reserve areas and some parks will be constructed with open-
jointed paving materials, granular materials, or other pervious 
materials. 

Native and/or non-native/non-invasive  vegetation that requires less 
watering and chemical application will be utilized within the common 
area landscaping in commercial areas and multi-family residential 
areas.  

Impervious surfaces will be minimized in common area landscape 
design. 3. Land Use 

Landscape watering in common areas, commercial areas, multiple 
family residential areas, and parks will use efficient reclaimed water 
irrigation technologies with centralized irrigation controls.  Efficient 
irrigation for common area irrigation systems will include a 
combination of the following techniques: 

• Low volume irrigation systems will be used, including low 
volume sprinkler heads, drip emitters, and bubbler emitters, to 
minimize water use. 

• “Smart” irrigation controllers will be installed to control the 
amount of time irrigation systems are operated each day.  These 
may include satellite controlled sensors or other equally effective 
technology. 
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Spatial Scale Corresponding Low Impact/Site Design BMP 

Bioretention or vegetated swales will be placed within the road right-
of-way in some locations. 

Runoff from most sidewalks, walkways, trails, and patios will be 
directed into adjacent landscaping or to vegetated swales. 

Bioretention areas or vegetated swales will collect and treat runoff 
from some of the industrial, commercial and multi-family residential 
areas.  These bioretention areas will be located in parking lot islands 
and other on-site landscaped areas.   

Landscape areas will be determined by zoning requirements, village 
setback/parkway standards, and design objectives. 

Porous pavement will be used in some parking and low traffic areas. 

Building materials for roof gutters and downspouts will not include 
copper or zinc. 

4. Lot 

Home builders will be encouraged to direct rooftop runoff through 
landscaped areas. 

 

5.3. Treatment BMPs 

The SUSMP requirements mandate that treatment controls address the pollutants of concern, 
which are defined in the SUSMP Manual as consisting of any pollutants that exhibit one or more 
of the following characteristics: current loadings or historic deposits of the pollutant are 
impacting the beneficial uses of a receiving water, elevated levels of the pollutant are found in 
sediments of a receiving water and/or have the potential to bioaccumulate in organisms therein, 
or the detectable inputs of the pollutant are at concentrations or loads considered potentially toxic 
to humans and/or flora and fauna.   These parameters were considered in defining pollutants of 
concern for analysis.  See Section 4.1 of this report.  Pollutants of concern for the NRSP projects 
include: 

• Sediments (TSS and Turbidity) 

• Nutrients (Total Phosphorus, Nitrate-N + Nitrite-N, Ammonia-N, and Total Nitrogen)  

• Trace Metals (Aluminum, Copper, Lead, and Zinc) 

• Pathogens (Bacteria, Viruses, and Protozoa)  

• Petroleum Hydrocarbons (Oil and Grease and PAHs) 

• Pesticides  

• Trash & Debris 
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• Chloride  

• Methylene Blue Activated Substances (MBAS)   

• Cyanide 

The types of post development runoff treatment control BMPs that will be employed include, but 
are not limited to, extended detention basins, bioretention, vegetated swales, and cartridge media 
filtration devices.  These treatment control BMPs are effective for treating most of the pollutants 
of concern based on the California Stormwater Association Stormwater BMP Handbook for New 
Development and Redevelopment (2003) (Table 5-2).  The stormwater treatment system will be 
configured to achieve treatment in multiple BMP facilities for the majority of the developed 
areas.  This “treatment train” approach, in combination with the site design and source control 
BMPs, will effectively address all of the pollutants of concern.   

According to Table 5-3 below, treatment controls that best address the TMDL constituents 
nitrogen and bacteria incorporate either infiltration (e.g., infiltration basins) or biological 
processes that incorporate de-nitrification (e.g., wetlands).  However, project conditions may 
limit the available surface area and the head required for wetlands and soil types for infiltration 
basins.  Given these potential site constraints, the following treatment BMPs, which incorporate 
natural treatment processes that provide some infiltration but require less surface area and head 
were selected:   

• Vegetated Swales  

• Filter Strips 

• Bioretention Areas 

• Extended Detention Basins 

• Cartridge Media Filtration (or equivalent) 
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Table 5-3: Treatment Control BMP Selection Matrix 
Treatment Control BMP Categories 

Pollutant of Concern1 Extended 
Detention Basins Bioretention  

Vegetated Swale/ 
Filter Strip Media Filtration 

Sediment M H M H 

Nutrients L M L L 

Trash  H H L H 

Trace Metals M H M H 

Bacteria M H L M 

Organics2 M H M H 
Source: California Stormwater Best Management Practices Handbook for New Development and Redevelopment 
(CASQA, 2003)  
Note: H, M, L, indicates high, medium, and low removal efficiency. 
1Chloride and MBAS are addressed with source control BMPs, as they are not treatable in typical stormwater 
treatment BMPs, aside through incidental infiltration.  
2Includes pesticides and petroleum hydrocarbons. 
 
 
Vegetated Swales: Vegetated swales are engineered vegetation-lined channels that provide water 
quality benefits in addition to conveying runoff.  Swales provide pollutant removal through 
settling and filtration in the vegetation (often grasses) lining the channels and also provide the 
opportunity for volume reductions through infiltration and evapotranspiration. Swales are most 
effective where longitudinal slopes are small (2 percent to 6 percent), thereby increasing the 
residence time for treatment, and where water depths are less than the vegetation height. A 
conceptual illustration of a vegetated swale is shown in Figure 5-1 and photographs of existing 
swales are provided in Figure 5-2. 

Filter Strips: Filter strips are vegetated areas designed to treat sheet flow runoff from adjacent 
impervious surfaces or intensive landscaped areas such as golf courses.  Filter strips decrease 
runoff velocity, filter out sediment and associated pollutants, and provide some infiltration into 
underlying soils.  While some assimilation of dissolved constituents may occur, filter strips are 
generally more effective in trapping sediment and particulate-bound metals, nutrients, and 
pesticides.  Filter strips rely on dense turf vegetation with a thick thatch growing on a moderately 
permeable soil and are well suited to treat runoff from roads and highways, driveways, and small 
parking lots.  They are also good for use as vegetated buffers between developed areas and 
natural drainages.  A conceptual illustration of a filter strip is shown in Figure 5-3.  

Bioretention: Bioretention areas are vegetated (i.e., landscaped) shallow depressions that provide  
storage, infiltration, and evapotranspiration, and also provide for pollutant removal (e.g. 
filtration, adsorption, nutrient uptake) by filtering runoff through the vegetation and soils.  In 
bioretention areas, as well as in vegetated swales and filter strips, pore spaces and organic 
material in the soils help to retain water in the form of soil moisture and to promote the 
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adsorption of pollutants (e.g., dissolved metals and petroleum hydrocarbons) into the soil matrix.  
Plants utilize soil moisture and promote the drying of the soil through transpiration.  A 
conceptual illustration of a biofiltration area is shown in Figure 5-4, and photographs of existing 
bioretention areas are provided in Figure 5-5.  

Extended Detention Basins:  Extended detention basins (EDBs) store stormwater runoff for 
sufficient periods of time to promote the removal of pollutants primarily through sedimentation.  
Dry extended detention basins are designed with outlets that detain the runoff volume from the 
water quality design storm for some minimum time (in this case 48 hours) to allow particulates 
and associated pollutants (phosphorus, trace metals, some pesticides, and other pollutants) to 
settle out.  These basins are not designed or anticipated to contain standing water for periods in 
excess of 48 hours.  The EDBs will also incorporate a series of gravel-filled subsurface flow 
trenches that will provide water quality treatment and facilitate evapotranspiration (ET) and 
percolation of dry weather flows and small storm events within the basin footprint.  As runoff 
flows through the trenches, pollutant removal is achieved through settling and biological uptake 
of nutrients and dissolved pollutants within the wetland plants that will grow within the trenches, 
filtration within the trench gravel, and percolation into underlying soils.  In addition, a specially 
constructed dry well that will support deep subsurface percolation of dry weather flows that may 
exceed the capacity of the gravel trenches will be provided.  It is anticipated that the dry well 
will receive water primarily during the winter months, when ET rates are lower.  A conceptual 
illustration of an extended detention basin is shown in Figure 5-6 and photographs of existing 
basins are shown in Figure 5-7. 

Media Filtration: For small drainage catchments where it is not possible to direct runoff to the 
vegetated treatment control BMPs listed above due to proposed project grading, media filtration 
(or equivalent) will be used.  A proprietary media filter, such as the Stormwater Management 
StormFilter®, is an example of this type of treatment (Figure 5-8). The StormFilter is a passive, 
flow-through stormwater media filtration system.  The StormFilter is typically comprised of a 
vault (or catch basin for small drainage catchments) that houses rechargeable, media-filled 
cartridges that trap particulates and remove pollutants such as dissolved metals, nutrients, and 
hydrocarbons.  During the filtering process, the treatment system also removes floating 
pollutants (e.g., oil and grease).  The StormFilter system (or equivalent) will be placed off-line to 
limit resuspension of debris and sediment that will settle in the vault.  A high flow bypass 
structure utilizing a weir or orifice to control the flow to the stormwater treatment system is used 
to divert flows to the treatment unit. 

The typical precast StormFilter unit is composed of three bays: the inlet bay, the filtration bay, 
and the outlet bay.  Stormwater in the inlet bay is directed through a flow spreader, which traps 
some floatables, oils, and surface scum, and then enters an energy dissipater and the filtration 
bay where treatment takes place.  Stormwater flows laterally (horizontally) through the filter 
cartridge to a centerwell, where the flow is then directed downward to an underdrain system.  
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Large particles settle out in the inlet bay and filtration bay, and finer particles and other 
pollutants are removed as stormwater flows through the filter media in the cartridges.   

Stormwater treatment facilities for the NRSP projects will be designed to meet or exceed the 
sizing standards contained in the SUSMP Manual.  Volume-based treatment control BMPs will 
be sized to capture and treat 80 percent of the annual runoff volume, with a drawdown time of 48 
hours.  Flow-based BMPs will be sized using a minimum rainfall intensity of 0.3 inches per 
hour. 

5.4. Hydromodification Control PDFs 

A series of progressive hydromodification control measures will be used in the NRSP projects to 
prevent and control hydromodification impacts to the Santa Clara River and the tributaries: 

• Avoid, to the extent possible, the need to mitigate for hydromodification impacts by 
preserving natural hydrologic conditions and protecting sensitive hydrologic features, 
sediment sources, and sensitive habitats.   

• Minimize the effects of development through site design practices (e.g., reducing 
connected impervious surfaces), implementation of stormwater volume-reducing BMPs 
(project-based hydrologic source control), and incorporation of flow duration control into 
water quality treatment basins, as needed.   

• Mitigate hydromodification impacts in-stream using geomorphically-based channel 
design. 

In some cases, hydromodification control measures that provide habitat, water quality treatment, 
hydromodification control, and flood control in one integrated solution may be feasible. 

5.4.1. Hydrologic Source Control  

Disconnecting impervious areas from the drainage network and adjacent impervious areas is a 
key approach to protecting channel stability.  Several hydrologic source controls will be included 
in the NRSP projects that will limit impervious area and disconnect imperviousness to avoid and 
minimize hydromodification impacts:  

• Site Design.  Site design PDFs that help to reduce the increase in runoff volume include 
the clustering of development into village areas, leaving large amounts of undeveloped 
open space within the NRSP subregion; routing of impervious area runoff to vegetated 
areas; use of native and/or non-native/non-invasive vegetation in landscaped areas; and 
the use of efficient irrigation systems in common area landscaped areas.   

• Treatment Controls.  The project’s treatment control BMPs will also serve as 
hydromodification source control BMPs.  Vegetated swales, filter strips, and extended 
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detention basins can provide volume reduction on the order of 20 to 30 percent through 
infiltration and evaporation.  Projects will incorporate bioretention areas sized to capture 
and treat 80 percent of the average annual stormwater runoff from its tributary catchment 
and, in some cases, will not utilize underdrains.  Thus, all water captured in the facilities 
without underdrains will be effectively removed from the project’s stormwater 
discharges.  Collectively these vegetated treatment facilities are expected to provide 
significant reduction in wet weather runoff.  In addition these facilities will also receive 
and eliminate dry weather flows.  

• Storage of Excess Runoff Volume for Irrigation Reuse.  In the irrigation reuse alternative, 
excess flows could be directed to storage tanks or above ground water features located in 
parks or a golf course for irrigation reuse, or alternatively, to blend excess stormwater 
runoff with reclaimed water from the proposed Newhall Water Reclamation Plant for 
reuse. 

5.4.2. Project-Based Flow Duration Control 

Stream erosion/deposition and sediment transport processes are functions of the long-term 
cumulative effects of geomorphically significant flows.  Maintaining the long-term cumulative 
duration of geomorphically significant flows maintains the existing capacity to transport 
sediment and promotes long-term stability.  Flow duration control was first discussed in the 
literature by Derek Booth (1990), of the University of Washington.  Flow duration control 
maintains the existing (pre-development) frequency distribution of hourly runoff as well as the 
total runoff volume within prescribed limits to minimize hydromodification impacts in natural 
receiving waters.  Flow duration control is a detention basin design methodology that sets 
standards for on-site capture and runoff volume reduction to maintain the existing distribution of 
those in-stream flows which are above the critical flow for bed mobility, and as a result 
maintains the pre-project capacity to transport sediment and avoids creating channel instability.  
Flow duration control basins can also be designed to accommodate a reduction in sediment 
supply by reducing the frequency of sediment transporting flows.  The treatment control 
extended detention basins can be modified to provide flow duration control in addition to water 
quality treatment.   

5.4.3. Geomorphically-Referenced Channel Design 

The hydromodification management approach for the Santa Clara River and tributaries will 
incorporate “geomorphically-referenced ” channel design as described in SCCWRP Technical 
Report 450 (SCCWRP, 2005a).  The goal of this approach is to preserve the natural stream 
channel function to the maximum extent practicable while limiting instability in stream channel 
morphology.   

In the five tributaries that will be redesigned or enhanced within the NRSP area (Chiquito 
Canyon, San Martinez Grande Canyon, Lion Canyon, Long Canyon, and Potrero Canyon), 
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geomorphic principles will be used to design stable stream channels given the expected post-
development hydrologic and sediment regimes (see Appendix G for further detail).  A minimum 
of hard, engineered structural elements will be used within the tributary drainages so that a 
natural appearance will be preserved, while the new drainage channel form will remain stable 
and habitat will be preserved or enhanced.  Examples of modified/engineered natural channels 
are provided in Figure 5-9. 

Within the Santa Clara River, the development footprint will allow for the greatest freedom 
possible for “natural stream channel” activity.  This includes establishing buffer zones and 
maintaining setbacks to allow for channel movement and adjustment to changes in energy 
associated with runoff.   

The engineered structural elements that will be implemented where needed for the Santa Clara 
River and the five tributaries listed above include energy dissipation, bank stabilization, and 
grade stabilization structures. 

Energy Dissipation.  Energy dissipation at storm drain outfalls provides erosion protection in 
areas where discharges have the potential to cause localized stream erosion.  Erosion protection 
will be provided at all storm drain outlets to the Santa Clara River and tributaries. 

Bank Stabilization.  Consistent with the Specific Plan, the RMDP proposes bank stabilization 
where necessary to protect against flooding and erosion pursuant to Federal Emergency 
Management Administration (FEMA) and Los Angeles County Department of Public Works' 
requirements.  The bank stabilization is designed and would be constructed to retain the Santa 
Clara River's significant riparian habitat, to allow the river to continue to function as a regional 
east-west wildlife corridor, and to provide flood protection pursuant to Los Angeles County 
standards.  Bank protection will be also be installed along portions of the five designated 
tributaries as required by the Los Angeles County Department of Public Works.  Four types of 
bank protection will be utilized for the Santa Clara River and the Tributaries:  1) buried soil 
cement, 2) ungrouted rock rip-rap, 3) concrete gunite slope lining, and 4) turf reinforcement 
mats.  The location of the bank stabilization will be selected so that bank protection along the 
river and tributaries will generally be placed in non-jurisdictional upland areas adjacent to the 
river or drainage.  Installing bank protection in non-jurisdictional areas reduces and/or avoids 
impacts to the channel and has the potential to create new channel bed areas, allows for channel 
movement and adjustment to changes in energy associated with runoff, and increases riparian 
habitat.  For example, buried soil cement bank stabilization is proposed on the north side of the 
Santa Clara River near its confluence with Castaic Creek, and it would be installed on 
agricultural lands north of the existing river channel.  The land located between the existing river 
channel and the newly created stabilized bank would be excavated, widening the existing river 
channel in that location.  This condition is repeated along the northern bank of the Santa Clara 
River in several locations 
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Grade Stabilization Structures. Grade stabilization structures will be installed in Long Canyon, 
Potrero Canyon, Chiquito Canyon, and San Martinez Grande Canyon to prevent long term 
degradation, downcutting, and incision of the channel bed.  The number of grade stabilization 
structures to be used within each drainage will be determined based on the expected post 
development hydrologic and sediment regime (see Appendix G for further discussion).  The 
number of structures will be limited so that a natural appearance will be preserved, while enough 
grade stabilization structures will be provided to ensure channel stability and habitat preservation 
and/or enhancement. 

Although Lion Canyon will not receive post-development storm flows from NRSP developed 
area, grade stabilization structures will also be installed in Lion Canyon.  Existing conditions 
within Lion Canyon include deep channel incision as a result of stormwater runoff from 
historically disturbed portions of the NRSP area due to agriculture, grazing, and oil and gas 
operations.  In order to stabilize and restore the Lion Canyon drainage, a geomorphic channel 
design will utilize grade and bank stabilization techniques and limited grading to enhance and 
restore the Lion Canyon drainage.  The Lion Canyon restoration will also include plantings of 
upland and riparian vegetation to enhance the habitat-related beneficial uses. 

The tributary channels will designed at the project level and the preliminary channel designs will 
be described in the Project Water Quality Technical Report for the project in which the tributary 
channel will be affected, as follows:  the Homestead WQTR will include Chiquito Canyon, San 
Martinez Grande Canyon, and Long Canyon; the Potrero Village WQTR will include Potrero 
Canyon; and the Mission Village WQTR will include the lower portion of Lion Canyon.  Lion 
Canyon would also be affected by the neighboring Legacy Village Project, and therefore Lion 
Canyon will also be addressed in the Legacy Village WQTR.   

5.4.4. Hydromodification Control Performance Standard 

For direct discharges to the Santa Clara River, NRSP projects will incorporate hydrologic source 
controls that will limit impervious area and disconnect imperviousness to avoid and minimize 
hydromodification impacts.  The NRSP projects’ development footprints will establish buffer 
zones and maintain setbacks to allow for channel movement and adjustment to changes in energy 
associated with runoff.  The engineered structural elements that will be implemented include 
energy dissipation structures at all outfalls and buried soil cement bank stabilization in selected 
locations as required by the County of Los Angeles Department of Public Works. 

The choice of a hydromodification control approach for each tributary drainage will be dictated 
by the strategies that are appropriate given the conditions of each drainage and its contributing 
watershed.  Consequently, a suite of on-site and in-stream control approaches will be applied for 
each tributary drainage to provide a comprehensive solution that avoids, minimizes, and 
mitigates potential increases in runoff due to land use change.  Further discussion is provided in 
Appendix G of this report. 
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The project-level tributary drainage designs will be based on modeled pre- and post-development 
hydrology, hydraulics, and sediment transport capacity of flows in each drainage using the 
project-level land plans and drainage concepts, including planned hydromodification source 
controls.  The assessment of tributary drainage stability will address the long-term cumulative 
effect of all sediment-transporting and erosive flows using continuous hydrologic modeling and 
analysis.  Continuous hydrologic modeling incorporates the full distribution of rainfall events in 
the record and uses in-stream flow duration as a basis for work and sediment transport 
computations.  This state-of-the-art analytical technique assesses all of the “geomorphically 
significant flows” regardless of their magnitude, and does not assume one size storm adequately 
characterizes all the important hydrologic conditions.  The approach considers frequent sediment 
transporting flows, wet years and droughts, back-to-back storms, and antecedent conditions.   

The project-level hydrology, hydraulics, and sediment transport capacity analysis will identify 
the necessary longitudinal slope required to maintain the existing sediment transport capacity for 
drainages determined to be stable in the existing condition.  For those channel segments that are 
determined to be currently unstable, the longitudinal slope necessary to restore channel stability 
will be determined.  Channel design will incorporate stable slopes for the predicted post-
development flows in each tributary drainage through a combination of installing grade control 
structures and/or by changes in channel cross section geometry such as widening the channel 
and/or adding sinuosity.   

The MS4 Permit (§4.D.1) states that “…The Permittees shall control post-development peak 
storm water runoff discharge rates, velocities, and duration (peak flow control) in Natural 
Drainage Systems (i.e., mimic pre-development hydrology) to prevent accelerated stream erosion 
and to protect stream habitat…”  The erosion potential analysis, discussed further in Appendix 
G, provides a metric, Ep, which measures the potential impact of modified flows on stream 
stability and excessive erosion, and has been developed as a means to define an in-stream 
performance standard and a “significance test” of the effectiveness of proposed 
hydromodification control strategies.  An equivalently effective, similarly geomorphically-
referenced approach may be developed and applied in the future in place of the erosion potential 
approach.   

Using the Ep approach as a point of reference, the following performance standard has been 
defined for discharges from the NRSP projects to the drainages tributary to the Santa Clara 
River: 

The erosion potential (Ep) of stormwater discharges from the Project shall be maintained 
within 20% of the target value in the tributary drainages that will receive post-development 
flows.  The target erosion potential (Ep) will consider changes in sediment supply. 

The hydromodification performance standard will be met for all of the NRSP projects from the 
point of discharge to the tributary drainage channel downstream to the confluence of the tributary 
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drainage with the Santa Clara River, and shall be achieved through on-site or in-stream controls, 
or a combination thereof.  

5.5.  Operation and Maintenance 

Depending on the type and location of the BMP, either the County, a Landscape Maintenance 
District (LMD), Geologic Hazard Abatement District (GHAD), Home Owners Association 
(HOA), or other similar government or quasi-government agency will be responsible for 
maintenance.  LMD(s), GHAD(s), or other similar government or quasi-government agency 
would be formed prior to turnover of stormwater facilities, prior to the first home sale.  
Maintenance and inspection agreements will be established as the treatment facilities are 
approved and built.  HOA maintenance agreements will incorporate a list of HOA 
responsibilities. The LMD(s), GHAD(s), or other similar government or quasi-government 
agency will have a mechanism and staffing to monitor, maintain, and enforce BMP maintenance.  
The County will have the right to inspect and maintain the BMPs that are maintained by the 
HOA, LMD, GHAD, or other similar agency at the expense of the HOA, LMD, GHAD, or other 
similar agency, if they are not being properly maintained.     

Table 5-4 lists the operation and maintenance (O&M) activities for the primary treatment control 
PDFs and the frequencies at which O&M activities will be conducted.  BMP maintenance will be 
conducted in compliance with maintenance requirements established in the Los Angeles County 
Stormwater BMP Design and Maintenance Manual. 

5.5.1. Monitoring 

A Memorandum of Understanding (MOU) and Water Resource Monitoring Program have been 
entered into between Newhall Land, the United Water Conservation District, and the Upper 
Basin Water Purveyors. This monitoring program will result in a database addressing water 
usage in the Saugus Formation and Alluvial Aquifer over various representative water cycles. 
The parties to the MOU intend to utilize this database to further identify surface water and 
groundwater impacts on the Santa Clara River Valley.  Newhall Land, in coordination with 
LARWQCB staff, will select a representative location upstream and downstream of the Newhall 
Ranch Specific Plan and sample surface and groundwater quality. Sampling from these two 
locations would begin upon approval of the first subdivision map and be provided annually to the 
LARWQCB and Los Angeles County for the purpose of monitoring water quality impacts of the 
Specific Plan over time. If the sampling data results in the identification of significant new or 
additional water quality impacts resulting from the Specific Plan which were not previously 
known or identified, additional mitigation shall be required at the subdivision map level.  A to-
be-formed district (GHAD, Drainage Benefit Assessment (DBA), or other special district), 
formed prior to the first home sale, will conduct monitoring within the Newhall Land subregion 
and will report to the Los Angeles County Department of Public Works.  
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Table 5-4: Water Quality BMP Operation and Maintenance Activities 
Treatment 

Control 
BMP 

Operation & 
Maintenance 

Category Activities Frequency 
Maintenance 

Responsibility 

Routine 
Facility 

Maintenance 

• Facility inspection 

• Trash and debris 
removal 

• Minor sediment 
removal 

• Vector Control 

• Annually prior to wet 
season. 

• After major storm events 
(>0.75 in/24 hrs) if spot 
checks of some basins 
indicate widespread 
damage/ maintenance needs. 

• Remove minor sediment 
accumulation from inlet or 
outlet when affecting 
inlet/outlet conditions. 

Vegetation/ 
Landscape 

Maintenance 

• Integrated Pest/Plant 
Management 

• Minor Vegetation 
Removal/ Thinning 

• Irrigation System 
Adjustment 

• Monthly (or as dictated by 
agreement between 
County/HOA/LMD and 
landscape contractor) 

Dry 
Extended 
Detention 

Basin 

Major 
Maintenance 

• Structural repairs 

• Major vegetation 
removal/ planting 

• Major sediment 
removal 

• As needed (infrequently) 

• Major sediment removal as 
needed; approximately 
every 10 to 20 years. 

• LACDPW 

Routine 
Facility 

Maintenance 

• Facility inspection 

• Trash and debris 
removal 

• Minor sediment 
removal 

• Vector Control 

• Annually prior to wet 
season. 

• After major storm events if 
spot checks of some basins 
indicate widespread 
damage/ maintenance needs. 

• Remove minor sediment 
accumulation from inlet or 
outlet when affecting 
inlet/outlet conditions. 

Vegetation/ 
Landscape 

Maintenance 

• Integrated Pest/Plant 
Management 

• Minor Vegetation 
Removal/ Thinning 

• Monthly (or as dictated by 
agreement between 
County/HOA/LMD and 
landscape contractor) 

Vegetated 
Swales/ 

Filter Strips 

Major 
Maintenance 

• Major vegetation 
removal/ planting 

• Major sediment 
removal 

• As required (annually or 
less frequently) 

• Home Owners 
Associations or 
commercial/ 
business 
owners will be 
responsible for 
maintenance of 
site-based 
BMPs  

 
• LACDPW will 

be responsible 
for maintenance 
of BMPs within 
public ROW 
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Treatment 
Control 

BMP 

Operation & 
Maintenance 

Category Activities Frequency 
Maintenance 

Responsibility 

Routine 
Facility 

Maintenance 

• Facility inspection 

• Trash and debris 
removal 

• Minor sediment 
removal 

• Annually prior to wet 
season. 

• After major storm events if 
spot checks of some basins 
indicate widespread 
damage/ maintenance needs. 

• Remove minor sediment 
accumulation from inlet or 
outlet when affecting 
inlet/outlet conditions. 

Vegetation/ 
Landscape 

Maintenance 

• Integrated Pest/Plant 
Management 

• Minor Vegetation 
Removal/ Thinning 

• Irrigation System 
Adjustment 

• Mulching 

• Monthly (or as dictated by 
agreement between 
County/HOA/LMD and 
landscape contractor) 

 

Bioretention 

Major 
Maintenance 

• Major vegetation 
removal/ planting • As needed (infrequently) 

• Home Owners 
Associations or 
commercial/ 
business 
owners will be 
responsible for 
maintenance of 
site-based 
BMPs  

 
• LACDPW will 

be responsible 
for maintenance 
of BMPs within 
public ROW 

Routine 
Facility 

Maintenance 

• Facility Inspection 

• Trash and Debris 
Removal 

• Minor Sediment 
Removal 

• Typically twice per year 
depending on the 
accumulation rate  

Media 
Filtration 

Major 
Maintenance 

• Major sediment 
removal 

• Cartridge/ Media 
Replacement 

• Typically biannually 
depending on accumulation 
rate 

• Home Owners 
Associations or 
commercial/ 
business 
owners will be 
responsible for 
maintenance of 
site-based 
BMPs 

  
• LACDPW will 

be responsible 
for maintenance 
of BMPs within 
public ROW 

 

The Newhall Ranch WRP NPDES Permit (Order No. R4-2007-0046) requires that a watershed-
wide monitoring program be developed for the Santa Clara River watershed under the leadership 
of the LARWQCB and the stakeholder groups developing salt and nutrient TMDLs.  The goals 
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of the watershed-wide monitoring program include evaluating or assessing compliance with 
receiving water objectives, trends in surface water quality, impacts to beneficial uses, the health 
of the biological community, data needs for modeling contaminants of concern, and attaining the 
goals of the TMDLs under implementation in the Santa Clara River watershed.  Until the 
watershed-wide monitoring program is developed, Newhall Land will continue to monitor water 
quality in the Santa Clara River per the requirements of the Newhall Ranch WRP NPDES 
Permit.  The Newhall Ranch WRP NPDES permit monitoring program, which includes three 
Santa Clara River sampling locations, requires semi-annual sampling until the Newhall Ranch 
WRP begins discharge; once discharge from the WRP commences, more frequent sampling is 
required.  The Newhall Ranch WRP receiving water monitoring program includes chemical, 
toxicity, and bioassessment monitoring in the Santa Clara River. 
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6. WATER QUALITY ANALYSIS APPROACH 

6.1. Water Quality Model Description 

A water quality model was used to estimate pollutant loads and concentrations in project area 
stormwater runoff for certain pollutants of concern for pre-development conditions and post-
development conditions with PDFs.  Table B-6 in Appendix B lists the NRSP pre- and post-
development land uses as well as the land use category used in the water quality model, percent 
impervious value, and runoff coefficient equation used for the land uses.  High country areas and 
the Santa Clara River corridor will not be impacted by the proposed development and therefore 
were not included in the water quality modeling.  The modeled project area, 7,003 acres, 
includes the developed portion of the NRSP subregion as well as adjoining natural slopes and 
open space areas.  Therefore, the loads and concentrations presented in Section 7 are not 
representative of the pollutant loads and concentrations in runoff from the entire NRSP area, but 
only from the developed portion of the NRSP subregion and adjoining natural slopes and open 
space areas.  The remaining area within the NRSP subregion will be preserved as open space, so 
runoff water quality from these areas will not be impacted by project development.  Although the 
absolute value of the loads from the entire NRSP subregion are not provided, the predicted 
change in pollutant loads is representative of the entire NRSP subregion because the loads from 
the open space areas remain unchanged.  In general, the pollutant concentrations are not 
representative of the runoff from the entire NRSP subregion, as the predicted pollutant 
concentrations are lower from open space than from the other land uses for all of the pollutants 
of concern except for TSS, which is higher from open space.  The concentrations presented in 
Section 7 for nutrients and trace metals are therefore conservative (i.e., higher than would 
actually occur after mixing with runoff from open areas).   

The water quality model is one of the few models that takes into account the observed variability 
in stormwater hydrology and water quality.  This is accomplished by characterizing the 
probability distribution of observed rainfall event depths, the probability distribution of event 
mean concentrations, and the probability distribution of the number of storm events per year.  
These distributions are then sampled randomly using a Monte Carlo Approach to develop 
estimates of mean annual loads and concentrations. 

A detailed description of the water quality model is presented in Appendix B.  The following 
summarizes major features of the water quality model: 

• Rainfall Data: The water quality model estimates the volume of runoff from storm 
events.  The storm events were determined from 32 years (1969 - 2002) of hourly rainfall 
data measured at the National Climatic Data Center (NCDC) Newhall rain gage that 
incorporates a wide range of storm events.  The rainfall analysis that is incorporated in 
the water quality model requires rainfall measurements at one hour intervals and a period 
of record that is at least 20 to 30 years in length. 
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• Land Use Runoff Water Quality: The water quality model estimates the concentration of 
pollutants in runoff from storm events based on existing and proposed land uses. The 
pollutant concentrations for various land uses, in the form of Event Mean Concentrations 
(EMCs), were estimated from data collected in Los Angeles County.   The Los Angeles 
County database was chosen for use in the model because: (1) it is an extensive database 
that is quite comprehensive, (2) it contains monitoring data from land use specific 
drainage areas, and (3) the data is representative of the semi-arid conditions in southern 
California.  

• Pollutant Load: The pollutant load associated with each storm is estimated as the product 
of the storm event runoff times the event mean concentration.  For each year in the 
simulation, the individual storm event loads are summed to estimate the annual load.  
The mean annual load is then the average of all the annual loads.  

• PDFs Modeled: The treatment PDFs included in the water quality modeling were swales 
for the majority of the Landmark Village project area and dry extended detention basins 
for the remaining developed areas within the NRSP subregion.  Although vegetated 
swales, bioretention areas, and other low impact/site design BMPs will be incorporated 
into the NRSP projects, these PDFs were not modeled as it is unknown at this time where 
they may be located within the specific project areas.  Detention basins have been 
modeled as the water quality treatment PDF for the majority of the NRSP subregion, as 
this PDF represents the minimum level of treatment that will be provided in all of the 
NRSP projects.  The low impact/site design BMPs will provide for greater volume and 
pollutant load reduction than the modeled treatment control PDFs.  The model also does 
not take into account the source control PDFs (e.g., street sweeping and catch basin 
inserts) that would also improve water quality.  In this respect, the modeling results are 
conservative, i.e., tend to overestimate pollutant loads and concentrations. 

• Treatment Effectiveness: The water quality model estimates mean pollutant 
concentrations and loads in stormwater following treatment.  The amount of stormwater 
runoff that is captured by the treatment BMPs was calculated for each storm event, 
taking into consideration the intensity of rainfall, duration of the storm, and duration 
between storm events.  The mean effluent water quality for treatment BMPs was based 
on the International Stormwater BMP Database (ASCE/EPA, 2003).  The International 
Stormwater BMP Database was used because it is a robust, peer reviewed database that 
contains a wide range of BMP effectiveness studies that are reflective of diverse land 
uses.  An analysis of the monitored inflow and outflow data contained in the 
International Stormwater BMP Database showed a volume reduction on the order of 38 
percent for biofilters and 30 percent for extended detention basins (Strecker et al, 2004).  
Based on this analysis, a conservative estimate of 25 percent of the inflow to the 
vegetated swales and 20 percent of the inflow to extended detention basins was assumed 
to infiltrate and/or evapotranspire in the water quality model.  These assumptions 
regarding volumetric losses were also used to assess the quantity of dry weather flows 
that would be captured in the treatment BMPs (see Section 7.8.2).   
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BMP effectiveness studies in the International Stormwater BMP database infrequently 
monitor aluminum; therefore, insufficient effluent data were available to model the 
removal effectiveness of treatment control BMPs for this water quality constituent.  The 
total aluminum content of a water sample will be directly related to the concentrations of 
the suspended particulate matter.  The aluminum content of the suspended solids is likely 
to directly reflect the composition of the source materials (e.g., the catchment soils).  
Therefore, it would be expected and is assumed that total aluminum concentrations and 
loads would be reduced proportionally to removal of suspended solids by project BMPs.    
In order to estimate the reduction in total aluminum load and concentration (dissolved 
aluminum was assumed to pass through BMPs without removal), TSS removal was used 
as a surrogate.   

• Bypass Flows: The water quality model takes into account conditions when the treatment 
facility is full and flows are bypassed. 

• Representativeness to Local Conditions: The water quality model utilizes runoff water 
quality data obtained from tributary areas that have a predominant land use, and as 
measured prior to discharge into a receiving water body.  Currently such data are 
available from stormwater programs in LA County, San Diego County, and Ventura 
County, although the amount of data available from San Diego County and Ventura 
County is small in comparison with the LA County database.  Such data is often referred 
to as “end-of-pipe” data to distinguish it from data obtained in urban streams, for 
example.  

6.2. Pollutants Modeled 

The appropriate form of data used to address water quality are flow composite storm event 
samples, which are a measure of the average water quality during the event. To obtain such data 
usually requires automatic samplers that collect data at a frequency that is proportionate to flow 
rate.  The pollutants of concern for which there are sufficient flow composite sampling data in 
the Los Angeles County database are:  

• Total Suspended Solids (sediment) 

• Total Phosphorus 

• Nitrate-Nitrogen, Nitrite-Nitrogen, Ammonia, and Total Nitrogen (TN) 

• Dissolved Copper  

• Total Lead 

• Dissolved Zinc 



 

115  
Newhall Ranch Specific Plan Sub-Regional Stormwater Mitigation Plan 4/10/2008 

• Total Aluminum 

• Chloride 

The other pollutants of concern, such as pathogens, hydrocarbons, pesticides, and trash and 
debris, are not amenable to this type of sampling either because of short holding times (e.g., 
pathogens), difficulties in obtaining a representative sample (e.g., hydrocarbons), or low 
detection levels (e.g., pesticides).  These pollutants were addressed qualitatively using literature 
information and best professional judgment due to the lack of statistically reliable monitoring 
data for these pollutants (see Section 6.3 below).   

6.3. Qualitative Impact Analysis 

Post development stormwater runoff water quality impacts associated with the following 
pollutants of concern were addressed based on literature information and professional judgment 
because available data were not deemed sufficient for modeling:  

• Turbidity 

• Pathogens (Bacteria, Viruses, and Protozoa) 

• Hydrocarbons (Oil and Grease, Polycyclic Aromatic Hydrocarbons)  

• Pesticides 

• Trash and Debris 

• Methylene Blue Activated Substances (MBAS)   

• Cyanide 

Human pathogens are usually not directly measured in stormwater monitoring programs because 
of the difficulty and expense involved; rather, indicator bacteria such as fecal coliform or certain 
strains of E. Coli are measured.  Unfortunately, these indicators are not very reliable measures of 
the presence of pathogens in stormwater, in part because stormwater tends to mobilize pollutants 
from many sources, some of which contain non-pathogenic bacteria.  For this reason, and 
because holding times for bacterial samples are necessarily short, most stormwater programs do 
not collect flow-weighted composite samples that potentially could produce more reliable 
statistical estimates of concentrations.  Fecal coliform or E. Coli are typically measured with 
grab samples, making it difficult to develop reliable EMCs.  Total coliform and fecal bacteria 
(fecal coliform, fecal streptococcus, and fecal enterococci) were detected in stormwater samples 
tested in Los Angeles County at highly variable densities (or most probable number, MPN) 
ranging between several hundred to several million cells per 100 ml (LACDPW, 2000). 
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Hydrocarbons are difficult to measure because of laboratory interference effects and sample 
collection issues (hydrocarbons tend to coat sample bottles).  Hydrocarbons are typically 
measured with single grab samples, making it difficult to develop reliable EMCs. 

Pesticides in urban runoff are often at concentrations that are below detection limits for most 
commercial laboratories and therefore there are limited statistically reliable data available on 
pesticides in urban runoff.  Pesticides were not detected in Los Angeles County monitoring data 
for land use-based samples, except for diazinon and glyphosate which were detected in less than 
15 percent and 7 percent of samples, respectively (LADPW, 2000). 

Turbidity, trash and debris, MBAS, and cyanide are not typically included in routine urban 
stormwater monitoring programs.  Turbidity is not typically included in post-construction 
treatment control BMP effectiveness studies.  Several studies conducted in the Los Angeles 
River basin have attempted to quantify trash generated from discrete areas, but the data represent 
relatively small areas or relatively short periods, or both.  MBAS was included in the land use-
based monitoring data, but not enough data is available for modeling purposes.  Cyanide was not 
included in the Los Angeles County land use-based monitoring program. 

Also addressed qualitatively are potential water quality impacts from runoff and dewatering 
discharges during construction (Section 7.4), potential water quality impacts due to pollutant 
bioaccumulation (Section 7.5), and dry weather runoff water quality impacts (Section 7.6). 



 

117  
Newhall Ranch Specific Plan Sub-Regional Stormwater Mitigation Plan 4/10/2008 

7. IMPACT ASSESSMENT  

The modeled pollutant impact assessment is presented in Section 7.1 and the qualitative analyses 
of the remaining pollutants of concern follow in Section 7.2.  Analyses of dry weather impacts 
and compliance with NPDES Permit requirements and construction-related requirements of the 
Construction General Permit and Dewatering General Permit follow the pollutant-by-pollutant 
impact assessment.  Also included is a discussion of other considerations, including operation 
and maintenance, vector control, bioaccumulation, and hydrologic impacts.  The analysis of 
cumulative impacts to surface water, groundwater, and hydromodification is also provided.  A 
weight of evidence approach is employed using the various thresholds and significance criteria 
discussed in Section 4.4 

7.1. Post Development Stormwater Runoff Impact Assessment for Modeled Pollutants of 
Concern 

In this section, model results for each pollutant are evaluated in relation to the following 
significance criteria: (1) comparison of post-development versus pre-development stormwater 
quality concentrations and loads; (2) comparison with MS4 Permit, Construction General Permit, 
and General Dewatering Permit requirements for new development; and (3) evaluation in light of 
receiving water benchmarks.  Pursuant to the third criterion, predicted runoff pollutant 
concentrations in the post-development condition, with runoff treatment PDFs, are compared 
with benchmark receiving water quality criteria as provided in the Basin Plan and the CTR and 
TMDL waste load allocations.  The water quality criteria and waste load allocations are 
considered benchmarks for comparison purposes only, since they do not apply directly to runoff 
from the NRSP projects, but the comparison provides useful information to evaluate potential 
impacts.  A weight of evidence approach is employed in this analysis considering the various 
significance criteria. 

Results from the water quality model for significance criterion 1 are reported in a series of tables, 
organized by constituent, showing predicted mean annual pollutant loads (lbs/yr) and mean 
annual concentrations.  Projections are made for two conditions: (1) existing condition, and (2) 
developed condition with PDFs. 

Note that the modeling results account for pollutant reductions in the extended detention basins 
and vegetated swales only and do not account for the pollutant reductions that will occur due to 
low impact/site design PDFs and source control PDFs.  Because not all BMPs are modeled, the 
model results predict greater water quality impacts than are likely to occur from the NRSP 
projects. 

Following the table comparing post-development and pre-development water quality loads and 
concentrations for each constituent is a table comparing the post-development (with PDFs) 
runoff quality to the benchmark water quality objectives and criteria and TMDL waste load 
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allocations for downstream reaches of the Santa Clara River.  Water quality observed in the 
Santa Clara River is also included on these tables as a benchmark. 

7.1.1. Stormwater Runoff Volume 

Table 7-1 shows the predicted changes in stormwater runoff mean annual volume.  The mean 
annual runoff volume is expected to increase substantially with development.  The increase can 
be explained by the change in percent imperviousness associated with urbanization, as runoff 
volume is directly proportional to percent imperviousness.  In the pre-development condition, the 
majority of the land use is open space and agriculture with assumed imperviousness values of 
one percent and two percent, respectively. A small percentage of the pre-developed land area 
(three percent) is developed oil and gas pads with an imperviousness of 60 percent.  In contrast, 
the post-development condition has urban land uses with much higher imperviousness including 
single family residential with an assumed imperviousness of 42 percent, multi-family residential 
with an assumed imperviousness of 68 percent, and commercial land use with an assumed 
imperviousness of 91 percent.     

Project PDFs include site design, source control, and treatment control BMPs in compliance with 
the SUSMP requirements.  Most of the site design PDFs, especially the minimization of 
impervious area and the conservation of approximately 8,335 acres of open space areas within 
the NRSP subregion, reduce the impacts of the proposed development on increases in stormwater 
runoff volume.  The treatment control PDFs will allow for some runoff volume reduction as 
well.  Based on BMP monitoring data in the International Stormwater BMP Database, a 20 
percent reduction in stormwater runoff volume was assumed to occur in the dry extended 
detention basins and 25 percent volume reduction in vegetated swales.  The modeling does not 
account for volume reductions that would occur in low impact/site design BMPs or in basins 
designed for hydromodification control, which would significantly lessen the increase in post-
development runoff volume. 

Table 7-1: Predicted Average Annual Stormwater Runoff Volumes 
Site Conditions Average Annual Stormwater Runoff Volume (acre-ft) 

Existing 838 

Developed with PDFs 2839 

Change  2001 

 

7.1.2. TSS 

Comparison of Pre- and Post-Project Conditions: Table 7-2 shows the predicted average annual 
TSS concentration and loads.  Conversion from the predominately pre-development open space 
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and agricultural land uses to the post-development urban land use (with treatment) will reduce 
the average TSS concentration and loads in stormwater runoff. 

Table 7-2: Predicted Average Annual TSS Concentration and Loads 

Site Conditions 
Average Annual TSS 
Concentration (mg/L) 

Average Annual TSS Load 
(tons/yr) 

Existing 402 458 

Developed with PDFs 60 232 

Change  -342 -226 

 

Comparison with Water Quality Criteria: The predicted average annual TSS concentration in 
stormwater runoff from the total modeled area with PDFs is compared to water quality criteria 
and the range of observed concentrations in the Santa Clara River in Table 7-3.  Predicted TSS 
load and concentration declines with development and is at the low end of the range of observed 
concentrations in Santa Clara River Reach 5.  Based on the comprehensive site design, source 
control, and treatment control strategy, and the comparison with available in-stream data and 
basin plan benchmark objectives, the TSS in stormwater runoff will not cause a nuisance or 
adversely affect beneficial uses in the receiving waters. 

Table 7-3: Comparison of Predicted TSS Concentrations with Water Quality Criteria and 
Observed Concentrations in Santa Clara River Reach 5 

Predicted Average 
Annual TSS 

Concentration (mg/L) 
LA Basin Plan Water 

Quality Objectives 
California Toxics Rule 

Criteria 

Range of Observed1 

Concentrations in Santa 
Clara River Reach 5 

(mg/L) 

60 

Water shall not contain 
suspended or settleable material 

in concentrations that cause 
nuisance or adversely affect 

beneficial uses 

NA 32 – 6,591 

1 Range of concentrations observed in the Santa Clara River during wet weather (Stations S29, NR1, and NR3, see 
Section 2.3.1). 
NA – not applicable 

7.1.3. Total Phosphorus 

Comparison of Pre- and Post-Project Conditions: Table 7-4 shows the predicted average total 
phosphorus (TP) concentration and annual loads.  Because much of the total phosphorus load is 
associated with sediments, and the sediment concentrations are predicted to decrease with 
development, the average annual TP concentration is  also predicted to decrease. Because post-
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development flows are expected to increase significantly, the average annual TP load is expected 
to remain constant even though the TP concentration is expected to decrease.    

Table 7-4: Predicted Average Annual Total Phosphorus Concentration and Annual Load 

Site Conditions 

Average Annual Total 
Phosphorus Concentration 

(mg/L) 
Average Annual  Total 

Phosphorus Load (tons/yr) 

Existing 1.0 1.1 

Developed with PDFs 0.3 1.1 

Change  -0.7 0.0 

 

Comparison with Water Quality Criteria: There are no numeric objectives for TP in the LA 
Basin Plan.  A narrative objective for biostimulatory substances in the LA Basin Plan states: 
“waters shall not contain biostimulatory substances in concentrations that promote aquatic 
growth to the extent that such growth causes nuisance or adversely affects beneficial uses.”  The 
low predicted TP concentrations in project stormwater discharges will not promote (i.e., 
increase) algae growth and therefore comply with the narrative objective for biostimulatory 
substances in the LA County Basin Plan.  As shown in Table 7-5, the predicted total phosphorus 
concentration is at the low end of the range of observed concentrations in Santa Clara River 
Reach 5. 

Table 7-5: Comparison of Predicted Total Phosphorus Concentration with Water Quality 
Criteria and Observed Concentrations in Santa Clara River Reach 5 

Predicted Average 
Annual Total 
Phosphorus 

Concentration (mg/L) 
LA Basin Plan Water 

Quality Objectives 
California Toxics Rule 

Criteria 

Range of Observed1 

Concentrations in 
Santa Clara River 

Reach 5 (mg/L) 

0.3 

Waters shall not contain 
biostimulatory substances in 
concentrations that promote 
aquatic growth to the extent 

that such growth causes 
nuisance or adversely affects 

beneficial uses 

NA 0.18 – 13.4 

1 Range of concentrations observed in the Santa Clara River during wet weather (Stations S29, NR1, and NR3, see 
Section 2.3.1). 
NA – not applicable 

Based on the comprehensive site design, source control, and treatment control strategy and the 
comparison with available in-stream monitoring data and Basin Plan benchmark objectives, 
potential impacts associated with total phosphorus are predicted to be less than significant. 



 

121  
Newhall Ranch Specific Plan Sub-Regional Stormwater Mitigation Plan 4/10/2008 

7.1.4. Nitrogen Compounds 

Comparison of Pre- and Post-Project Conditions: The predicted average nitrate-nitrogen plus 
nitrite-nitrogen, ammonia, and total nitrogen concentrations and annual loads are summarized in 
Table 7-6 through Table 7-8, respectively.  Average loads and concentrations of all forms of 
nitrogen are predicted to decrease, except for average annual ammonia load, which is predicted 
to increase and the annual total nitrogen load, which is predicted to remain constant.  The 
decrease in nitrate-nitrogen plus nitrite-nitrogen load and nitrate-nitrogen plus nitrite-nitrogen, 
ammonia, and total nitrogen concentrations can be attributed to higher nitrite-, nitrate-, and 
ammonia-nitrogen EMCs observed in monitoring data from agricultural land uses versus 
urbanized land uses, along with nitrogen reductions in the treatment control PDFs.  Although 
ammonia concentrations are predicted to decrease, ammonia loads are predicted to increase due 
to the increase in runoff volume. Similarly, the average annual TP load is expected to remain 
constant even though the TP concentration is expected to decrease due to the increase in runoff 
volume.    

Table 7-6: Predicted Average Annual Nitrate-N + Nitrite-N Concentration and Load 

Site Conditions 

Average Annual  
Nitrate+Nitrite-Nitrogen 

Concentration (mg/L) 

Average Annual  
Nitrate+Nitrite-Nitrogen 

Load (tons/yr) 

Existing 4.7  5.4 

Developed with PDFs 0.6  2.5 

Change  -4.1  -2.9 

Table 7-7: Predicted Average Annual Ammonia-N Concentration and Load 

Site Conditions 
Average Annual Ammonia-N 

Concentration (mg/L) 
Average Annual Ammonia-N 

Load (tons/yr) 

Existing 0.7 0.7 

Developed with PDFs 0.5 1.8 

Change  -0.2 1.1 

Table 7-8: Predicted Average Annual Total Nitrogen-N Concentration and Load 

Site Conditions 
Average Annual Total Nitrogen 

Concentration (mg/L) 
Average Annual Total 

Nitrogen Load (tons/yr) 

Existing 8.0 9.1 

Developed with PDFs 2.4 9.1 

Change  -5.6 0 
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Comparison with Water Quality Criteria: Predicted nitrogen compound concentrations are 
compared to Basin Plan objectives and observed concentrations in Table 7-9.  Average annual 
stormwater concentration of ammonia is predicted to be considerably less than the waste load 
allocation for Santa Clara River Reach 5 and the Basin Plan objective, and within the range of 
observed concentrations.  Likewise, the average annual stormwater concentration of nitrate-N 
plus nitrite-N is predicted to be considerably less than the TMDL waste load allocation or the 
Basin Plan water quality objective and within the range of observed concentrations for this reach 
of the Santa Clara River. 

There are no numeric objectives for Total Nitrogen in the LA Basin Plan.  A narrative objective 
for biostimulatory substances in the LA Basin Plan states: “waters shall not contain 
biostimulatory substances in concentrations that promote aquatic growth to the extent that such 
growth causes nuisance or adversely affects beneficial uses.”  The low predicted Total Nitrogen 
concentrations in project stormwater discharges will not promote (i.e., increase) aquatic growth 
and therefore comply with the narrative objective for biostimulatory substances in the LA Basin 
Plan.  As shown in Table 7-9, the predicted total nitrogen concentration is in the range of 
observed concentrations in Santa Clara River Reach 5. 

Based on the comprehensive site design, source control, and treatment control strategy, and the 
comparison with available in-stream monitoring data and benchmark Basin Plan objectives and 
waste load allocations, potential impacts associated with nitrogen compounds are predicted to be 
less than significant. 

Table 7-9: Comparison of Predicted Nitrogen Compound Concentrations with Water 
Quality Objectives, TMDLs, and Observed Concentrations in Santa Clara River Reach 5 

Nutrient 

Predicted Average 
Annual 

Concentration 
(mg/L) 

Basin Plan Water Quality 
Objectives1    (mg/L) 

Wasteload 
Allocations for 

MS4 Discharges 
into the Santa 
Clara River 

Reach 5  (mg/L) 

Range of 
Observed2 

Concentrations in 
Santa Clara River 

Reach 5 (mg/L) 
Nitrate-N + 
Nitrite-N 0.6 5 6.83 0.5 – 4.8 

Ammonia-N 0.5 2.24 1.755 <0.005 – 1.1 

Total Nitrogen 2.4 

Waters shall not contain 
biostimulatory substances in 
concentrations that promote 

aquatic growth to the extent that 
such growth causes nuisance or 
adversely affects beneficial uses 

NA <0.04 – 466 

1 There are no CTR criteria for nitrogen compounds.   The biostimulatory substances water quality objective is 
included because excessive nutrients can contribute to excessive aquatic growth. 
2 Range of concentrations observed in the Santa Clara River during wet weather (Stations S29, NR1, and NR3, see 
Section 2.3.1). 
3 30-day average. 
4 4-day average, ELS present, 90th percentile pH and temperature pairing observed at USGS Monitoring Station 11108500. 
5 30-day average in Reach 5 below Valencia. 
6 Observed values for TKN (ammonia plus organic nitrogen). 
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7.1.5. Metals 

Comparison of Pre- and Post-Project Conditions: Projected loads and concentrations for the 
trace metals copper, lead, zinc, and aluminum are presented in through Tables 7-10 through 7-13.  
Except for aluminum and lead, the projections are for the dissolved form of the metal, as it is the 
dissolved form to which the CTR criteria apply.  Due to consistently low concentrations of 
dissolved lead in the available stormwater runoff data, it was not possible to develop reliable 
EMC parameters for most land uses for modeling the dissolved fraction of lead.  This constituent 
was therefore modeled as the total recoverable metal.  Copper, lead, and zinc are the most 
prevalent metals typically found in urban runoff.  Other trace metals, such as cadmium, 
chromium, and mercury, are typically not detected in urban runoff or are detected at very low 
levels (LA County, 2000).   

Post-development trace metal loads are predicted to increase compared to pre-development 
conditions; while post-development trace metal concentrations are predicted to decrease.  These 
results can be explained by the difference in EMC values observed in representative monitoring 
data from agriculture and light industrial land uses (used in the model for portions of project area 
in the predeveloped condition) and the post-developed urban condition (see Appendix B, Table 
B-11, for the land use-based EMC values employed in the model).  Runoff volumes will increase 
with development and the change in land use will decrease runoff metals concentrations for most 
proposed land uses.   

Project PDFs include site design, source control, and treatment control BMPs in compliance with 
the SUSMP requirements.  Specific site design PDFs that will be implemented to minimize 
increases in trace metals include directing drainage from impervious areas to bioretention areas 
and the selection of building material for roof gutters and downspouts that do not include copper 
or zinc.  Source control PDFs that target metals include education for property owners, BMP 
maintenance, and street sweeping private streets and parking lots.  The treatment control BMPs 
will also reduce trace metals in the runoff from the proposed development.  Only the effects of 
the treatment control PDFs are reflected in the model results. 

Table 7-10: Predicted Average Annual Dissolved Copper Concentration and Load 

Site Conditions 
Average Annual Dissolved 

Copper Concentration (µg/L) 
Average Annual Dissolved 

Copper Load (lbs/yr) 

Existing 11 25 

Developed with PDFs 9 72 

Change  -2 47 
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Table 7-11: Predicted Average Total Lead Concentration and Annual Load 

Site Conditions 
Average Annual Total Lead 

Concentration (µg/L) 
Average Annual Total Lead 

Load (lbs/yr) 

Existing 12 27 

Developed with PDFs 7 55 

Change  -5 28 

 
Table 7-12: Predicted Average Annual Dissolved Zinc Concentration and Load 

Site Conditions 
Average Annual Dissolved 
Zinc Concentration (µg/L) 

Average Annual Dissolved 
Zinc Load (lbs/yr) 

Existing 104 236 

Developed with PDFs 42 324 

Change  -62 88 

 
Table 7-13: Predicted Average Annual Total Aluminum Concentration and Load 

Site Conditions 

Average Annual Total 
Aluminum Concentration 

(µg/L) 
Average Annual Total 

Aluminum Load (lbs/yr) 

Existing 873 1,991 

Developed with PDFs 555 4,288 

Change  -318 2,297 
 

Comparison with Water Quality Criteria: A narrative objective for toxic substances in the LA 
Basin Plan states: “all waters shall be maintained free of toxic substances in concentrations that 
are toxic to, or that produce detrimental physiological responses in human, plant, animal, or 
aquatic life.”   

The CTR criteria are the applicable water quality objectives for protection of aquatic life.  The 
CTR criteria are expressed for acute and chronic (4-day average) conditions; however, only acute 
conditions were considered to be applicable for stormwater discharges because the duration of 
stormwater discharge is consistently less than 4 days.  The CTR criteria are calculated on the 
basis of the hardness of the receiving waters.  Lower hardness concentrations result in lower, 
more stringent CTR criteria.  The minimum hardness value (250 mg/L as CaCO3) observed in 
the Santa Clara River at the USGS Station 11108500 during wet weather was used as a 
conservative estimate; the mean observed hardness value was 660 mg/L as CaCO3.   
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For aluminum, the National Ambient Water Quality Criteria (NAWQC) acute criterion (750 
µg/L for a pH range of 6.5 to 9.0) was used as a benchmark, as the CTR does not include 
aluminum.  Although the NAWQC criterion is in the form of acid soluble aluminum (USEPA, 
1988), the available monitoring data are for either dissolved aluminum or total aluminum.  Acid 
soluble aluminum (which is operationally defined as the aluminum that passes through a 0.45 µm 
membrane filter after the sample has been acidified to a pH between 1.5 and 2.0 with nitric acid) 
represents the forms of aluminum toxic to aquatic life or that can be readily converted to toxic 
forms under natural conditions.  The acid soluble measurement does not measure forms of 
aluminum, such as aluminum that is occluded in minerals, clays, and or is strongly sorbed to 
particulate matter, that are not toxic and are not likely to become toxic under natural conditions.  
As acid soluble aluminum data is not available, total aluminum has been used in order to be 
conservative. 

Comparison of the predicted runoff metal concentrations and the acute CTR criteria for dissolved 
copper, total lead, and dissolved zinc and the NAWQC criterion for aluminum are shown in 
Table 7-14, along with the range of observed concentrations in Santa Clara River Reach 5.  
Although the trace metal loadings are predicted to increase, the comparison of the post-
developed with PDFs condition to the benchmark CTR and NAWQC values shows that all of the 
trace metal concentrations are below the benchmark water quality criteria.  As shown in Table 7-
14, the predicted trace metal concentrations are in the range of observed concentrations in Santa 
Clara River Reach 5 except for dissolved zinc which is slightly higher. 

Table 7-14: Comparison of Predicted Trace Metal Concentrations with Water Quality 
Criteria and Observed Concentrations in Santa Clara River Reach 5 

Metal 

Predicted Average 
Annual Concentration 

(µg/L) 

California Toxics Rule 
Criteria1 

(µg/L) 

Range of Observed2 

Concentrations in Santa 
Clara River Reach 5 

(µg/L) 
Dissolved Copper  9.3 32 3.3 – 22.6 

Total Lead 7.1 260 0.6 – 40 

Dissolved Zinc 42 250 3 – 37 

Total Aluminum 555 750 131 – 19,650 
1 Hardness = 250 mg/L, based on minimum observed value at USGS Station 11108500.  Lead criteria is for total 
recoverable lead.  NAWQC aluminum criteria for pH 6.5 – 9.0. 
2 Range of concentrations observed in the Santa Clara River during wet weather (Stations S29, NR1, and NR3, see 
Section 2.3.1). 

 
Based on the comprehensive site design, source control, and treatment strategy and the 
comparison with the instream water quality monitoring data and benchmark water quality 
criteria, the NRSP projects will not have significant impacts resulting from trace metals. 
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7.1.6. Chloride 

Comparison of Pre- and Post-Project Conditions: Table 7-15 shows the predicted average 
annual chloride concentration and load.  Due to the conversion from agricultural to urban land-
uses and the associated EMCs, annual chloride concentration is predicted to decrease when 
compared to the existing conditions, although the average annual chloride load is predicted to 
increase due to increased runoff volume. 

Table 7-15: Predicted Average Annual Chloride Concentration and Load 

Site Conditions 
Average Annual Chloride 

Concentration (mg/L) 
Average Annual Chloride Load 

(tons/yr) 

Existing 20 23 

Developed with PDFs 14 52 

Change  -6 29 

 

Comparison with Water Quality Criteria: The predicted chloride concentration in post-
development project runoff is compared to the LA Basin Plan water quality objective and the 
range of observed concentrations in Santa Clara River Reach 5 in Table 7-16.  The predicted 
average annual chloride concentration in stormwater runoff is at the low end of the range of 
observed concentrations for this pollutant and is well below the Santa Clara River Reach 5 Basin 
Plan water quality objective and the TMDL waste load allocation for Santa Clara River Reach 5 

(100 mg/L for both).  Based on the comprehensive site design, source control, and treatment 
control strategy, and comparison with benchmark receiving water criteria and instream 
monitoring data, the NRSP projects are not expected to have significant water quality impacts 
resulting from chloride. 

Table 7-16:  Comparison of Predicted Chloride Concentrations with Water Quality 
Criteria and Observed Concentrations in Santa Clara River Reach 5 

Pollutant 

Predicted 
Average Annual 
Concentration 

(mg/L) 

LA Basin Plan 
Water Quality 

Objectives1 

(mg/L) 

Range of Observed2 

Concentrations in Santa 
Clara River Reach 5 

(mg/L) 

Wasteload Allocations 
for MS4 Discharges 
into the Santa Clara 

River Reach 5 (mg/L) 

Chloride 14 100 3 - 121 100 

1 There are no CTR criteria for chloride.    
2 Range of concentrations observed in the Santa Clara River during wet weather (Stations S29, NR1, and NR3, see 
Section 2.3.1). 
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7.2. Post Development Stormwater Impact Assessment for Pollutants and Basin Plan 
Criteria Addressed Without Modeling 

7.2.1. Turbidity 

Turbidity is a measure of suspended matter that interferes with the passage of light through the 
water or in which visual depth is restricted (Sawyer et al, 1994).  Turbidity may be caused by a 
wide variety of suspended materials, which range in size from colloidal to coarse dispersions, 
depending upon the degree of turbulence.  In lakes or other waters existing under relatively 
quiescent conditions, most of the turbidity will be due to colloidal and extremely fine 
dispersions.  In rivers under flood conditions, most of the turbidity will be due to relatively 
coarse dispersions.  Erosion of clay and silt soils may contribute to in-stream turbidity (see 
discussion of hydromodification impacts in Section 7.9 below).  Organic materials reaching 
rivers serve as food for bacteria, and the resulting bacterial growth and other microorganisms 
that feed upon the bacteria produce additional turbidity.  Nutrients in runoff may stimulate the 
growth of algae, which also contribute to turbidity. 

Discharges of turbid runoff are primarily of concern during the construction phase of 
development.  Construction-related impacts are addressed in Section 7.4 below.  The 
Construction Stormwater Pollution Prevention Plan must contain sediment and erosion control 
BMPs pursuant to the Construction General Permit, and those BMPs must effectively control 
erosion and discharge of sediment, along with other pollutants, per the Best Available 
Technology Economically Achievable and Best Conventional Pollutant Control Technology 
(BAT/BCT) standards6.  Additionally, fertilizer control and non-visible pollutant monitoring and 
trash control BMPs in the SWPPP will combine to help control turbidity during the construction 
phase.   

In the post-development condition, placement of impervious surfaces will serve to stabilize soils 
and to reduce the amount of erosion that may occur from the NRSP projects during storm events, 
                                                 

6 BAT/BCT are Clean Water Act technology-based standards that are applicable to construction site stormwater 
discharges.  Federal law specifies factors relating to the assessment of BAT including: age of the equipment and 
facilities involved; the process employed; the engineering aspects of the application of various types of control 
techniques; process changes; the cost of achieving effluent reduction; non-water quality environmental impacts 
(including energy requirements); and other factors as the Administrator deems appropriate.  Clean Water Act 
§304(b)(2)(B).  Factors relating to the assessment of BCT include:  reasonableness of the relationship between the 
costs of attaining a reduction in effluent and the effluent reduction benefits derived; comparison of the cost and level 
of reduction of such pollutants from the discharge from publicly owned treatment works to the cost and level of 
reduction of such pollutants from a class or category of industrial sources; the age of the equipment and facilities 
involved; the process employed; the engineering aspects of the application of various types of control techniques; 
process changes; non-water quality environmental impact (including energy requirements); and other factors as the 
Administrator deems appropriate.  Clean Water Act §304(b)(4)(B).  The Administrator of U.S. EPA has not issued 
regulations specifying BAT or BCT for construction site discharges.   
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and will therefore decrease turbidity in the runoff (see also hydromodification impacts discussed 
in section 7.9 below).  Project PDFs, including source controls (such as common area landscape 
management and common area litter control) and treatment control BMPs in compliance with the 
SUSMP requirements, will prevent or reduce the release of organic materials and nutrients 
(which might contribute to algal blooms) to receiving waters.  As shown in Section 7.1 above, 
post-development nutrients in runoff are not expected to cause significant water quality impacts.  
Based on implementation of the Project PDFs and the construction-related controls outlined in 
Section 7.4, runoff discharges from the NRSP projects will not cause increases in turbidity which 
would result in adverse affects to beneficial uses in the receiving waters.  Based on these 
considerations, the water quality impacts of the NRSP projects on turbidity are considered less 
than significant.  

7.2.2. Pathogens 

Pathogens are viruses, bacteria, and protozoa that can cause illness in humans.  Identifying 
pathogens in water is difficult as the number of pathogens is exceedingly small, thereby 
requiring sampling and filtering large volumes of water.  Traditionally water managers have 
relied on measuring "pathogen indicators," such as total and fecal coliform, as an indirect 
measure of the presence of pathogens. Although such indicators were considered reliable for 
sewage samples, indicator organisms are not necessarily reliable indicators of viable pathogenic 
viruses, bacteria, or protozoa in stormwater because coliform bacteria, in addition to being found 
in the digestive systems of warm-blooded animals, are also found in plants and soil.  Certain 
pathogen indicators can multiply in the field if the substrate, temperature, moisture, and nutrient 
conditions are suitable.  Paulsen and List summarize the debate over the use of pathogenic 
indicators and point out that scientific studies show no correlation between fecal coliform 
densities and gastrointestinal illness in swimmers, therefore coliform may not indicate a 
significant potential for causing human illness (Paulsen and List, 2005, provided in Appendix D).  
In a recent field study conducted by Schroeder et. al., pathogens (in the form of viruses, bacteria, 
or protozoa) were found to occur in 12 of 97 samples taken, but the samples that contained 
pathogens did not correlate with the concentrations of indicator organisms (Schroeder et. al. 
2002).   Most researchers who have correlated human illness to fecal indicator bacteria levels 
have conducted epidemiological studies in waters receiving point inputs of treated or raw 
sewage; few epidemiological studies have tested the health effects of exposure to water receiving 
direct and recent stormwater runoff. Thus there is no explicit documentation of the health effects 
of stormwater based on epidemiological studies (WERF, 2007). 

There are numerous sources of pathogen indicators, including birds and other wildlife, as well as 
domesticated animals and pets, soils, and plant matter. Anthropogenic sources may include 
poorly functioning septic systems, cross-connections between sewer and storm drains, and the 
utilization of outdoor areas for human waste disposal by people without access to indoor sanitary 
facilities.  
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It is recognized that natural levels of bacteria are present in the Project’s receiving waters and 
that control of such natural sources is not required nor desired by regulatory agencies.  For 
example, the LARWQCB TMDL for bacteria in the Malibu Creek watershed makes provisions 
for background levels of bacteria associated with natural sources (LARWQCB, 2004). Bacteria 
TMDLs have not been developed for the Santa Clara River. 

Data collected from undeveloped watersheds or watersheds with little development indicate that 
bacterial standards are often exceeded. For example, monitoring data obtained by Los Angeles 
County (LACDPW, 2000) for vacant land use showed a mean fecal coliform concentration of 
1,397 MPN/100 mL in 21 samples (compared to the REC1 water quality criteria of 400 
MPN/100 mL).  The USEPA has recognized that routine exceedances of ambient water quality 
criteria due to natural sources of pollution occur.  In response, the USEPA has recommended 
changes to designated uses as the most appropriate way to address these situations (Paulsen and 
List, 2005).  The monitoring data collected in the tributaries of the Santa Clara River showed a 
range of fecal coliform concentrations from 953 MPN/100 mL to greater than 81,200 MPN/100 
mL (see Table 2-19). 

The USEPA has compiled an extensive database on stormwater data collected as part of its 
program to regulate stormwater (Pitt et al, 2003).  These data were drawn from 65 programs in 
17 states throughout the United States. The data indicate that median fecal concentrations range 
from about 4,500 to 7,700 MPN/100 mL for a range of commercial and residential land uses, 
compared to a median value of around 3,000 MPN/100 mL for open space and vacant land.  
These data represent urban areas that in general do not have source and treatment controls, and 
therefore are not indicative of runoff from the proposed Specific Plan build-out.   

Runoff from agricultural watersheds involving horticulture and row cropping is known to 
similarly contain relatively high levels of indicator bacteria.  Data from a stormwater drain 
serving an agricultural watershed with predominantly row crops in Ventura County showed 
similar median fecal coliform levels (~ 7,000 MPN/100 mL) to that found for general urban 
runoff (Ventura County, 2005).  Agricultural land and open space areas likely share some of the 
same wildlife sources, but livestock may be present as well.  These data indicate that wildlife, 
livestock, plants and/or soils can be a very important source of pathogens and/or pathogen 
indicators such as fecal coliform. 

Additionally, a study conducted by PBS&J in coastal watersheds near Laguna Beach in Orange 
County (PBS&J, 1999) found that indicator bacteria concentrations in receiving waters 
downstream from the developed/urban watersheds were not significantly different than 
concentrations in receiving waters downstream from undeveloped watersheds.  Additional 
analysis conducted by Paulsen and List (Paulsen and List, 2005) further supported these findings.  
These studies suggest that the development under the Specific Plan would not result in 
appreciable changes in pathogen levels in the receiving waters compared to the existing 
conditions. 
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The primary sources of fecal coliform from the Specific Plan development would likely be 
sediment, pet wastes, wildlife, and regrowth in the storm drain itself.  Other sources of pathogens 
and pathogen indicators, such as cross connections between sanitary and storm sewers, are 
unlikely given modern sanitary sewer installation methods and inspection and maintenance 
practices.  

The levels of bacteria in runoff from the Specific Plan projects would be reduced by: 

• source controls, and 

• treatment controls. 

The most effective means of controlling pet wastes and wastes from human interaction with 
wildlife is through source control, specifically education of pet owners, education regarding 
feeding of waterfowl near waterbodies, providing products and disposal containers that 
encourage and facilitate cleaning up after pets, and storm drain cleaning practices. These BMPs 
are described in Section 5 Project Design Features.  

Although, there are limited data on the effectiveness of extended detention basins to treat 
pathogen indicators, the treatment processes known to be occurring in extended detention basins 
involve sunlight (ultraviolet light) degradation, sedimentation, and infiltration, all of which can 
reduce pathogen concentrations and loads.  Many of the proposed detention basins are to be 
located on relatively infiltrative soils and pathogen removal by filtration is a common and 
effective practice in wastewater treatment.  The Center for Watershed Protection maintains a 
National Pollutant Removal Performance Database that indicates that removal performance for 
pathogen indicators in various types of extended detention basins ranged between 70 to 80 
percent (CWP, 2000).  

In addition to treatment by extended detention, bioretention areas and vegetated swales are 
proposed. Bioretention relies on filtration through an amended sand soil layer for water quality 
treatment, while vegetated swales provide sediment removal through settling and allow for 
infiltration of low flows. Again, filtration and infiltration are effective means of treating 
pathogen indicators. The city of Austin, Texas conducted a number of studies on the 
effectiveness of sedimentation/filtration treatment systems for treating stormwater runoff (City of 
Austin, 1990; CWP, 1996). Most of the structures were designed to treat one-half inch of runoff. 
Data from four sand filters indicated a range of removals from 37 percent to 83 percent for fecal 
coliform, and 25 percent to 81 percent for fecal streptococci. Research on the use of filtration to 
remove bacteria also has been conducted in Florida by the Southwest Florida Water Management 
District (Kurz, 1999). Significant reductions in total and fecal coliform bacteria and the other 
indicators were observed between inflow and outflow samples for sand filtration. Percent 
reductions were measured using flow-weighted sampling techniques. Total coliform bacteria 
removals were less than 70 percent, and fecal coliform bacteria reduction varied from 65 percent 



 

131  
Newhall Ranch Specific Plan Sub-Regional Stormwater Mitigation Plan 4/10/2008 

to 100 percent. In a literature summary, the USEPA reported typical pathogen removal for 
infiltration basins and trenches as 65 to 100 percent (USEPA, 1993). 

In summary, stormwater discharges from the Project could potentially exceed the REC-1 Basin 
Plan standard for fecal coliform and therefore impacts from indicator bacteria may be significant 
prior to mitigation. However, although such fecal indicator bacteria were considered reliable for 
sewage samples, indicator organisms are not necessarily reliable indicators of viable pathogenic 
viruses, bacteria, or protozoa in stormwater because coliform bacteria, in addition to being found 
in the digestive systems of warm-blooded animals, are also found in plants and soil. Potential 
post-development pathogen sources include natural sources, and it is recognized that natural 
levels of bacteria are present in the Project's receiving waters and that control of such natural 
sources is not required nor desired by regulatory agencies. Anthropogenic sources include 
leaking septic and sewer systems and pet wastes. The Specific Plan projects will not include 
septic systems and the sewer system will be designed to current standards which minimizes the 
potential for leaks. The proposed Specific Plan development, consistent with the MS4 permit 
requirements, includes a comprehensive set of source and treatment control BMPs selected to 
manage pollutants of concern, including pathogens and pathogen indicators. With this series of 
BMPs, Specific Plan build-out would not result in substantial changes in pathogen levels in the 
receiving waters compared to existing conditions, and potential water quality impacts related to 
pathogens are considered less than significant.    

7.2.3. Hydrocarbons 

Various forms of hydrocarbons (oil and grease) are common constituents associated with urban 
runoff; however, these constituents are difficult to measure and are typically measured with grab 
samples, making it difficult to develop reliable EMCs for modeling.  Based on this consideration, 
hydrocarbons were not modeled but are addressed qualitatively. 

Hydrocarbons are a broad class of compounds, most of which are non-toxic. Hydrocarbons are 
hydrophobic (low solubility in water), have the potential to volatilize, and most forms are 
biodegradable.  A subset of hydrocarbons, Polynuclear Aromatic Hydrocarbons (PAHs) can be 
toxic depending on the concentration levels, exposure history, and sensitivity of the receptor 
organisms. Of particular concern are those PAH compounds associated with transportation-
related sources.  

Although the concentration of hydrocarbons in runoff is expected to increase slightly under post-
development conditions due to the increase in roadways, driveways, parking areas, and vehicle 
use, the PDFs are expected to prevent appreciable increases in hydrocarbon concentrations from 
leaving the project sites.  Source control PDFs that address petroleum hydrocarbons include 
educational materials on used oil programs, carpooling, and public transportation alternatives to 
driving; BMP maintenance; and street sweeping private streets.  Although vehicle emissions and 
leaks are the primary source of hydrocarbons in urban areas, it is anticipated that vehicles in the 
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proposed development will in general be well maintained and newer models which will help to 
limit emissions and leaks.  Lastly, the parking lot site design, source controls, treatment BMPs 
and vegetation and soils within the treatment control PDFs will adsorb the low levels of 
emulsified oils in stormwater runoff, preventing discharge of hydrocarbons and visible film in 
the discharge or the coating of objects in the receiving water. 

The majority of PAHs in stormwater adsorb to the organic carbon fraction of particulates in the 
runoff, including soot carbon generated from vehicle exhaust (Ribes et al, 2003).  For example, a 
stormwater runoff study by Marslek et. al. (1997) found that the dissolved-phase PAHs 
represented less than 11 percent of the total concentration of PAHs.  Consequently, the extended 
detention basins, bioretention areas, and vegetated swales proposed as PDFs, which are designed 
to treat pollutants through settling, filtration, and infiltration, will be effective at treating PAHs.   

Los Angeles County conducted PAH analyses on 27 stormwater samples from a variety of land 
uses in the period 1994-2000 (Los Angeles County, 2000).  For those land uses where sufficient 
samples were taken and were above detection levels to estimate statistics, the mean 
concentrations of individual PAH compounds ranged from 0.04 to 0.83 µg/L.  The reported 
means were less than the acute toxicity criteria available from the literature (Suter and Tsao, 
1996).  Moreover, the Los Angeles County data do not account for any treatment, whereas the 
treatment in the PDFs should result in a reduction in hydrocarbon concentrations inclusive of 
PAHs.  This makes it very unlikely that impacts will occur to the receiving water due to 
hydrocarbon loads or concentrations.  On this basis, the effect of the NRSP projects on 
petroleum hydrocarbon levels in the receiving waters post-development is considered less than 
significant.  

During the construction phase of the NRSP projects, hydrocarbons in site runoff could result 
from construction equipment/vehicle fueling or spills.  Construction related impacts are 
addressed in Section 7.4 below.  However, pursuant to the Construction General Permit, the 
Construction Stormwater Pollution Prevention Plan must include BMPs that address proper 
handling of petroleum products on the construction site, such as proper petroleum product 
storage and spill response practices, and those BMPs must effectively prevent the release of 
hydrocarbons to runoff per the Best Available Technology Economically Achievable and Best 
Conventional Pollutant Control Technology standards.  PAH that are adsorbed to sediment 
during the construction phase would be effectively controlled via the erosion and sediment 
control BMPs.  For these reasons, construction-related water quality impacts related to 
hydrocarbons are considered less than significant. 

7.2.4. Pesticides 

Pesticides can be of concern where past farming practices involved the application of persistent 
organochlorine pesticides.  Legacy pesticides Chlordane, Dieldrin, DDT, and Toxaphene are of 
particular concern, as TMDLs have been established for these pesticides in the Santa Clara River 
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estuary, approximately 40 miles downstream of the NRSP subregion and this reach of the river.  
Historical pesticides should no longer be discharged in the watershed except in association with 
erosion of sediments to which these pollutants may have adhered in the past.  Required remedial 
grading along with the placement of impervious surfaces will stabilize soils and prevent their 
transport from the development sites, actually reducing the potential for discharge of sediments 
to which historical pesticides may have adsorbed in pre-development conditions. 

In the post-developed condition, pesticides will be applied to common landscaped areas and 
residential lawns and gardens.  Pesticides that have been commonly found in urban streams 
include the organophosphate pesticides chlorpyrifos and diazinon (Katznelson and Mumley, 
1997).  However, only 0 to 13% of the samples in the LA County database had detectable levels 
of diazinon (depending on the land use) while levels of chlorpyrifos were below detection limits 
for all land uses in all samples taken between 1994 and 2000 (LA County, 2000).  Other 
pesticides presented in the database were seldom measured above detection limits.  Furthermore, 
these data represent flows from areas without treatment controls, unlike the NRSP projects which 
incorporate treatment control PDFs. 

Diazinon and chlorpyrifos are two pesticides of concern due to their potential toxicity in 
receiving waters.  The USEPA has banned all indoor uses of diazinon in 2002 and stopped all 
sales for all outdoor non-agricultural use in 2003 (USEPA, June, 2002)7.  With no agricultural 
uses planned for the proposed Project, diazinon would not be used in the NRSP projects.  The 
USEPA is also phasing out all indoor and outdoor residential uses of chlorpyrifos and has 
stopped all non-residential uses where children may be exposed.  Use of chlorpyrifos in the 
NRSP subregion is not expected, with the possible exception of emergency fire ant eradications 
until such time as reasonable alternative products are available and only with appropriate 
application practices in accordance with the golf course and landscape pesticide management 
program.   

                                                 

7 Changes to the use of chlorpyrifos include reductions in the residue tolerances for agricultural use, phases out 
nearly all indoor and outdoor residential uses, and also stops non-residential uses where children may be exposed. In 
Orange County, residential use accounts for around 90% of total chlorpyrifos (USEPA, June 2002).  Retail sales of 
chlorpyrifos were stopped by December 31, 2001, and structural (e.g. construction) uses will be phased out by 
December 31, 2005.  Some continued uses will be allowed, for example public health use for fire ant eradication and 
mosquito control will be permitted by professionals. 

Permissible uses of diazinon will also be restricted.  All indoor uses are prohibited (as of 12/2002) and retailers were 
required to end sales for indoor use on December, 2002.  All outdoor non-agricultural uses were phased out by 
December 31, 2004.  Therefore it is likely that the USEPA agreement will eliminate most of the use of diazinon 
within the NRSP area.  The use of diazinon for many agricultural crops has been eliminated (USEPA 2001), while 
some use of this chemical will continue to be permitted for some agricultural activities. 
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Diazinon had long been one of the most commonly used pesticides on the market (SFBRWQCB, 
2005) before its use was phased-out.  Although the U.S. Environmental Protection Agency’s 
actions eliminated most urban diazinon uses by the end of 2004, phasing out diazinon likely has 
increased post-2004 reliance on alternative pesticides and encouraged new pesticides to enter the 
marketplace.   

The San Francisco Regional Water Quality Control Board commissioned a study, Insecticide 
Market Trends and Potential Water Quality Implications, to evaluate pesticide use trends as they 
relate to water quality.  In 2003, on the basis of current and projected pesticide use and possible 
water quality risks, the report considered the pesticide alternatives of potential concern for water 
quality to be pyrethrums; parathyroid’s (bifenthrin, cyfluthrin, cypermethrin, deltamethrin, 
esfenvalerate, and permethrin); carbaryl; malathion; and imidacloprid (SFBRWQCB, 2003).  A 
more recent study also identified lambda cyhalothrin (a pyrethroid) and fipronil among pesticides 
of interest (SFEP, 2005). 

The water quality risks posed by a pesticide relate to the quantity of the pesticide used, its runoff 
characteristics, and its relative toxicity in water and sediment.  As urban diazinon applications 
are phased out, the use of some alternatives may inadvertently pose new water quality risks.  
Given what is known about alternative pesticide use trends, pyrethroids may be the alternatives 
that pose the greatest concerns for water quality (SFBRWQCB, 2005).  Although pyrethroids 
tend to be toxic to Ceriodaphnia dubia test organisms at concentrations in water comparable to 
diazinon, pyrethroids do not dissolve well in water but instead adhere well to surfaces, including 
particles in the environment (SFBRWQCB, 2005).  At equilibrium, pyrethroid concentrations in 
sediment are reported to be about 3,000 times greater than dissolved concentrations in water 
(SFBRWQCB, 2005).  Thus, BMPs targeting reductions and removal of sediment loads will be 
effective to reduce and remove pyrethroids as well. 

Source control measures such as education programs for owners, occupants, and employees in 
the proper application, storage, and disposal of pesticides are the most promising strategies for 
controlling the pesticides that will be used post-development.  Structural treatment controls are 
less practical because of the variety of pesticides and wide range of chemical properties that 
affect their ability to treat these compounds.  However, most pesticides, including historical 
pesticides that may be present at the site, are relatively insoluble in water and therefore tend to 
adsorb to the surfaces of sediment, which will be stabilized with development, or if eroded, will 
be settled or filtered out of the water column in the water quality treatment PDFs.  Thus, 
treatment in the bioretention, vegetated swales, and extended detention basin should achieve 
some removal of pesticides from stormwater as TSS is reduced.   

For common area landscaping in commercial areas, multi-family residential areas, and parks, an 
Integrated Pest Management (IPM) Program will be incorporated.  The goal of an IPM is to keep 
pest levels at or below threshold levels, reducing risk and damage from pest presence, while 
eliminating the risk from the pest control methods used.  IPM programs achieve these goals 
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through the use of low risk management options by emphasizing use of natural biological 
methods and the appropriate use of selective pesticides.  IPM programs also incorporate 
environmental consideration by implementing procedures that minimize intrusion and alteration 
of biodiversity in ecosystems. 

While pesticides are subject to degradation, they vary in how long they maintain their ability to 
eradicate pests.  Some break down almost immediately into nontoxic byproducts, while others 
can remain active for longer periods of time.  While pesticides that degrade rapidly are less likely 
to adversely affect non-targeted organisms, in some instances it may be more advantageous to 
apply longer-lasting pesticides if it results in fewer applications or smaller amounts of pesticide 
use.  As part of the Integrated Pest Management program, careful consideration will be made as 
to the appropriate type of pesticides for use in the NRSP subregion.  While pesticide use is likely 
to occur due to maintenance of landscaped areas, particularly in the residential portions of the 
development, careful selection, storage and application of these chemicals for use in common 
areas per the IPM Program will help prevent adverse water quality impacts from occurring.  
Additionally, as discussed above, removal of sediments in the PDFs will also remove sediment-
adsorbed pesticides.  

Based on the incorporation of site design, source control, and treatment control BMPs pursuant 
to SUSMP requirements and the use of an Integrated Pest Management Program, potential post-
development impacts associated with pesticides are expected to be less than significant. 

Transport of legacy pesticides adsorbed to existing site sediments may be a concern during the 
construction phase of development.  Construction-related impacts are addressed in Section 7.4 
below.  The Construction Stormwater Pollution Prevention Plan must contain sediment and 
erosion control BMPs pursuant to the Construction General Permit, and those BMPs must 
effectively control erosion and the discharge of sediment along with other pollutants per the 
BAT/BCT standards.  Based on these sediment controls, construction-related impacts associated 
with pesticides are expected to be less than significant. 

7.2.5. Trash and Debris 

Urban development tends to generate significant amounts of trash and debris.  Trash refers to any 
human-derived materials including paper, plastics, metals, glass and cloth.  Debris is defined as 
any organic material transported by stormwater, including leaves, twigs, and grass clippings 
(DLWC, 1996).  Debris can be associated with the natural condition.  Trash and debris is often 
characterized as material retained on a 5-mm mesh screen.  It contributes to the degradation of 
receiving waters by imposing an oxygen demand, attracting pests, disturbing physical habitats, 
clogging storm drains and conveyance culverts and mobilizing nutrients, pathogens, metals, and 
other pollutants that may be attached to the surface.  Sources of trash in developed areas can be 
both accidental and intentional.  During wet weather events, gross debris deposited on paved 
surfaces can be transported to storm drains, where it can be eventually discharged to receiving 
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waters. Trash and debris can also be mobilized by wind and transported directly into waterways,  
imposing an oxygen demand on the water body as organic matter decomposes.  

Urbanization could significantly increase trash and debris loads if left unchecked.  However, the 
PDFs, including source control and treatment BMPs, will minimize the adverse impacts of trash 
and debris.  Source controls such as street sweeping, public education, fines for littering, and 
storm drain stenciling can be effective in reducing the amount of trash and debris that is available 
for mobilization during wet and dry weather events.  Common area litter control will include a 
litter patrol, covered trash receptacles, emptying of trash receptacles in a timely fashion, and 
noting trash violations by tenants/homeowners or businesses and reporting the violations to the 
owner/HOA for investigation. Catch basin inserts will be provided for parking lots.  The PDFs 
will remove or prevent the release of floating materials, including solids, liquids, foam, or scum, 
from runoff discharges and will prevent impacts on dissolved oxygen in the receiving water due 
to decomposing debris.  Based on these considerations,  post-development trash and debris is not 
expected to significantly impact the receiving waters of the NRSP projects. 

During the construction phase, there is potential for an increase in trash and debris loads due to 
lack of proper contractor good housekeeping practices at the construction site.  Per the 
Construction General Permit, the SWPPP for the site will include BMPs for trash control (catch 
basin inserts, good housekeeping practices, etc.).  Compliance with the Permit Requirements and 
inclusion of these BMPs, meeting BAT/BCT, included in the SWPPP will mitigate impacts from 
trash and debris to a level less than significant.  See Section 7.4 below for a full discussion of 
Construction Related Impacts. 

7.2.6. Methylene Blue Activated Substances (MBAS) 

MBAS, which is related to the presence of detergents in runoff, may be incidentally associated 
with urban development due to commercial and/or residential vehicle washing or other outdoor 
washing activities.  Surfactants disturb the surface tension which affects insects and can affect 
gills in aquatic life. 

The presence of soap in project runoff will be controlled through the source control PDFs, 
including a public education program on residential and charity car washing, and the provision of 
a car wash pad connected to sanitary sewer in the multi-family residential areas.  Other sources 
of MBAS, such as cross connections between sanitary and storm sewers, are unlikely given 
modern sanitary sewer installation methods and inspection and maintenance practices.  
Therefore, MBAS are not expected to significantly impact the receiving waters of the NRSP 
projects. 

7.2.7. Cyanide 

The information on cyanide levels in urban stormwater is relatively sparse.  The incidence of 
detection of cyanide in urban stormwater is relatively low, except in some special cases.  In the 
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Nationwide Urban Runoff Project (NURP), cyanide was detected in runoff from four cities out 
of a total of 15 cities that participated in the monitoring program (USEPA 1983).   Overall, 
cyanide was detected in 23 percent of the urban runoff samples collected (16 out of a total of 71 
samples), at concentrations ranging from 2 to 33 µg/L (Cole et. al. 1984).  Of the 71 samples, 
only 3 percent (i.e., 2) exceeded the freshwater acute guideline of 22 µg/L (USEPA 1983).  The 
predominant sources of cyanides found in urban runoff samples were reported to be products of 
gasoline combustion and anti-caking ingredients in road salts (Cole et. al. 1984).   

A review of highway runoff (Colman et. al. 2001) suggested that deicing salts are the main 
source of cyanide in highway runoff.  It has been estimated that approximately two million 
pounds of sodium ferrocyanide, which is used as an anticaking agent in road salts during the 
winter in the northeastern United States, are washed off from roads into streams and storm 
sewers (USEPA 1981; Gaffney et. al. 1987).  Information on the quality of snow packs and snow 
melt support the premise that deicing salts are the major source of cyanide in stormwater.  For 
example, concentrations of cyanide in snow packs ranged up to 314 µg/L in Milwaukee and 
Syracuse (Novotny et. al. 1999).  An urban stream receiving snow melt in Milwaukee had an 
average cyanide concentration of 31 µg/L (<2 – 45 µg/L).  Two urban streams in Syracuse had 
average cyanide concentrations of 8 µg/L (<2 – 27 µg/L) and 48 µg/L (<2 – 167 µg/L), 
respectively.  Reconsidering the NURP findings, three of the four cities which detected cyanide 
are within the snowbelt, and may have used deicing salts containing anti-caking agents.  One 
(Austin, Texas) presumably does not.   

In contrast to these relatively high concentrations associated with deicing salts, runoff from cities 
which do not use deicing salts or from northern cities outside the snow season has lower 
concentrations of cyanides.  The City of Fresno NURP study (Brown & Caldwell, 1984) found 
undetectable cyanide (< 10 µg/L) in 19 grab samples of stormwater runoff from four watersheds 
with different land uses.  Highway runoff from three urban sites in Michigan had average 
cyanide concentrations ranging from 5.8 – 9.3 µg/L.  Samples were collected from June through 
October, which was outside the season where deicing salts might be used.  Traffic volumes were 
high and ranged from 40,000 to 120,000 vehicles per day.   

It is highly probable that the reported concentrations which exceed the freshwater acute guideline 
in urban stormwater are associated with the use of deicing salts containing the de-caking agent 
ferrocyanide.   In situations where deicing salts are not being used, and where vehicle exhaust 
may be the dominant source, concentrations are much less (e.g., typically < 10 µg/L), even with 
high traffic volumes.  Anti-caking agents will not be a source of cyanide in urban stormwater in 
the NRSP subregion, and the forgoing discussion suggests that concentrations in stormwater 
runoff from the NRSP projects may reach concentrations of magnitude of approximately 10 
µg/L, but are highly unlikely to exceed the acute CTR criteria of 22 µg/L.   

The detectable concentrations observed in the Santa Clarita River at the mass emission station 
S29 (average of 10 µg/L) may be in part due to untreated urban stormwater runoff from the City 
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of Santa Clarita.  However, other sources are likely to be more significant.  A potential source is 
cyanide from burnt catchments.   For example, cyanide concentrations in run-off obtained from 
an area that had been burned in a wildfire that occurred in Tennessee and North Carolina 
averaged 49 µg/L (Barber et. al. 2003). Higher cyanide concentrations were reported in run off 
from a wild fire that occurred in New Mexico, with an average value of 80 µg/L. 

In addition to the expected relatively low level of cyanide in untreated stormwater, cyanide in 
runoff from the NRSP projects would be readily removed by biological uptake, degradation by 
microorganisms, and by volatilization in the treatment PDFs, especially the dry extended 
detention basins.  Therefore cyanide is not expected to significantly impact the receiving waters 
of the NRSP projects. 

7.3. MS4 Permit Requirements for New Development as Defined in the SUSMP 

Project Design Features (PDFs) include site design, source control, and treatment control BMPs 
in compliance with the SUSMP requirements, as described in Section 5.1 and summarized in 
Table 5-1.  Treatment control PDFs will treat runoff from the entire urban portion of the NRSP 
subregion.  Sizing criteria contained in the MS4 Permit and the SUSMP requirements will be met 
for all treatment control BMPs.   

In summary, the proposed site design, source control, and treatment control PDFs have been 
selected based on: 

• effectiveness for addressing pollutants of concern in project runoff, resulting in 
insignificant water quality impacts;  

• sizing and outlet design consistent with the MS4 Permit and SUSMP requirements; 

• additional design guidance consistent with the California BMP Handbook: New 
Development and Redevelopment, other literature, and best professional judgment;  

• hydrologic and water quality modeling to verify performance; 

• meeting mean annual percent capture criteria contained in the California BMP New 
Development Manual; and  

• providing specific O&M requirements to inspect and maintain the facilities. 

On this basis, the proposed PDFs meet the MS4 Permit requirements for new development. 

7.4. Construction-Related Impacts 

The potential impacts of construction activities, construction materials, and non-stormwater 
runoff on water quality during the construction phase focus primarily on sediment (TSS and 
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turbidity) and certain non-sediment related pollutants.  Construction-related activities that are 
primarily responsible for sediment releases are related to exposing soils to potential mobilization 
by rainfall/runoff and wind.  Such activities include removal of vegetation from the site, grading 
of the site, and trenching for infrastructure improvements.  Environmental factors that affect 
erosion include topographic, soil, and rainfall characteristics.  Non sediment-related pollutants 
that are also of concern during construction relate to construction materials and non-stormwater 
flows and include construction materials (e.g., paint, stucco, etc); chemicals, liquid products, and 
petroleum products used in building construction or the maintenance of heavy equipment; and 
concrete-related pollutants. 

Construction impacts due to project development, including the borrow source activities and in-
stream construction elements, will be minimized through compliance with the Construction 
General Permit.  This permit requires the development and implementation of a Storm Water 
Pollution Prevention Plan (SWPPP), which must include erosion and sediment control BMPs 
that will meet or exceed measures required by the Construction General Permit, as well as BMPs 
that control the other potential construction-related pollutants.  Erosion control BMPs are 
designed to prevent erosion, whereas sediment controls are designed to trap sediment once it has 
been mobilized.  A SWPPP will be developed as required by, and in compliance with, the 
Construction General Permit and the County of Los Angeles Standard Conditions.  The General 
Permit requires the SWPPP to include a menu of BMPs to be selected and implemented based on 
the phase of construction and the weather conditions to effectively control erosion and sediment 
to the BAT/BCT.  The following types of BMPs from the Stormwater Best Management Practice 
Handbook - Construction (CASQA 2003) will be implemented during construction (CASQA 
Handbook BMP numbers are indicated in parenthesis): 

• Erosion Control (EC-3 through EC-7 and WE-1) 

- Physical stabilization through hydraulic mulch, soil binders, straw mulch, bonded 
fiber matrices, and erosion control blankets (i.e., rolled erosion control products). 

- Limiting the area and duration of exposure of disturbed soils. 
- Soil roughening of graded areas (through track walking, scarifying, sheepsfoot 

rolling, or imprinting) to slow runoff, enhance infiltration, and reduce erosion. 
- Vegetation stabilization through temporary seeding to establish interim vegetation. 
- Wind erosion (dust) control through the application of water or other dust palliatives 

as necessary to prevent and alleviate dust nuisance. 

• Sediment Control  

- Perimeter protection to prevent discharges through silt fences, fiber rolls, gravel bag 
berms, sand bag barriers, and straw bale barriers (SE-1, 5, 6, 8 and 9). 

- Storm drain inlet protection (SE-10). 
- Resource (Environmentally Sensitive Area) protection through silt fences, fiber rolls, 

gravel bag berms, sand bag barriers, and straw bale barriers (SE-1, 5, 6, 8, and 9). 
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- Sediment capture through sediment traps, storm drain inlet protection, and sediment 
basins (SE-3, 10, and 2). 

- Velocity reduction through check dams, sediment basins, and outlet 
protection/velocity dissipation devices (SE-2, 4, and 10). 

- Reduction in off-site sediment tracking through stabilized construction entrance/exit, 
construction road stabilization, and entrance /exit tire wash (TE-1, 2 and 3). 

• Waste and Materials Management  

- Management of the following types of materials, products, and wastes: solid, sanitary, 
concrete, hazardous and equipment-related wastes (MW-1, 2, and 4 through 10 and 
NS-8 through 10). 

- Protection of soil stockpiles through covers, the application of water or soil binders, 
and perimeter control measures (MW-3). 

• Non-stormwater Management 

- BMPs or good housekeeping practices to reduce or limit pollutants at their source 
before they are exposed to stormwater, including such measures as: water 
conservation practices, vehicle and equipment cleaning and fueling practices (NS-1 
through 16). 

• Training and Education 

- Training of individuals responsible for SWPPP preparation, implementation, and 
permit compliance, including contractors and subcontractors. 

- Signage (bilingual, if appropriate) to address SWPPP-related issues (such as site clean 
up policies, BMP protection, washout locations, etc). 

• Maintenance, Monitoring and Inspections 

- Performing routine site inspections and inspections before, during (for storm events > 
24 hours), and after storm events. 

- Implementing maintenance and repairs of BMPs as indicated by routine and storm-
event inspections. 

- Preparation and implementation of a Sampling and Analysis Plan for non-visible 
pollutants. 

These construction site management BMPs will be implemented within the NRSP subregion 
during the dry season and wet season as follows: 

7.4.1.1. Dry Season Construction Phase BMPs 

a. Wind erosion BMPs (dust control). 
b. Soil roughening of graded areas (track walking, scarifying, sheepsfoot rolling, or 

imprinting).  
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c. Sediment control BMPs at the down gradient site perimeter and all operational storm 
drain inlets internal to the planning area. 

d. Off-site tracking BMPs.  
e. Appropriate waste management and materials pollution BMPs. 
f. Appropriate non-storm water BMPs to prevent or reduce the contamination of 

stormwater by construction activities and materials. 
g. A “weather triggered” action plan to deploy standby erosion and sediment control 

BMPs to protect exposed portions of the site within 48 hours of a predicted storm 
event. 

h. Sufficient standby BMP materials to implement the above action plan. 
i. Deployment of post-construction erosion control BMPs as soon as practicable. 

7.4.1.2. Wet Season Construction Phase BMPs  

In addition to the dry season BMPs noted above: 

a. Limiting the area and duration of exposure of disturbed soil areas.  This may be 
accomplished by retention of natural vegetation in areas not scheduled for immediate 
grading, phasing the grading, and stabilizing disturbed areas quickly. 

b. Implementation of an effective combination of erosion and sediment control measures 
on all disturbed areas. 

c. Sufficient standby BMP materials to implement the above weather triggered action 
plan. 

The Construction General Permit does not recognize a wet season by dates; therefore, the wet 
season requirements will be implemented year round if there is a storm event predicted. 

The significance criteria for the project construction phase is implementation of BMPs consistent 
with Best Available Technology Economically Achievable and Best Conventional Pollutant 
Control Technology (BAT/BCT), as required by the Construction General Permit and the general 
waste discharge requirements in the Dewatering General Permit.  The projects will reduce or 
prevent erosion and sediment transport and transport of other potential pollutants from the 
project site during the construction phase through implementation of BMPs meeting BAT/BCT 
in order to prevent or minimize environmental impacts and to ensure that discharges during the 
project construction phase will not cause or contribute to any exceedance of water quality 
standards in the receiving waters.  These BMPs will assure effective control of not only sediment 
discharge, but also of pollutants associated with sediments, such as and not limited to nutrients, 
heavy metals, and certain pesticides, including legacy pesticides.  In addition, compliance with 
BAT/BCT requires that BMPs used to control construction water quality are updated over time 
as new water quality control technologies are developed and become available for use.  
Therefore, compliance with the BAT/BCT performance standard ensures mitigation of 
construction water quality impacts over time. 
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Construction on the project sites may require dewatering and non-stormwater related discharges.  
For example, dewatering may be necessary for the construction of bridge abutments, bank 
stabilization, and outfall protection; if groundwater is encountered during grading; or to allow 
discharges associated with testing of water lines, sprinkler systems and other facilities.   

In general, the Construction General Permit authorizes construction dewatering activities and 
other construction related non-stormwater discharges as long as they (a) comply with Section 
A.9 of the General Permit; (b) do not cause or contribute to violation of any water quality 
standards, (c) do not violate any other provisions of the General Permit, (d) do not require a non-
stormwater permit as issued by some RWQCBs, and (e) are not prohibited by a Basin Plan 
provision.  Full compliance with applicable local, state and federal water quality standards by the 
applicant would assure that potential impacts from dewatering discharges are not significant. 

An additional Project Design Feature will be implemented to protect receiving waters from 
dewatering and construction related non-stormwater discharges.  Such discharges will be 
implemented in compliance with the Los Angeles RWQCB’s General Waste Discharge 
Requirements (WDRs) under Order No. R4-2003-0111, NPDES No. CAG994004 governing 
construction-related dewatering discharges within the Project development areas.  Typical BMPs 
for construction dewatering include infiltration of clean groundwater; on-site treatment using 
suitable treatment technologies; on-site or transport offsite for sanitary sewer discharge with 
local sewer district approval; or use of a sedimentation bag for small volumes of localized 
dewatering.  Compliance with these WDRs constitutes a PDF, further assuring that the impacts 
of these discharges are not significant. 

On this basis, the impact of project construction-related runoff is considered less than significant. 

7.5. Pollutant Bioaccumulation  

Certain pollutants have the potential to accumulate in treatment BMP vegetation and soils, 
potentially increasing the risk of exposure to wildlife and the food chain. Factors that could 
affect the extent of potential bioaccumulation include: 

• The bioavailability of the pollutant; 

• Conditions in the soils (e.g., pH, acid-volatile sulfide concentration, organic content) that 
affect the form and bioavailability of the pollutant; 

• The efficiency by which pollutants in the soils enter the plant community, the storage of 
these pollutants in plant tissues that are edible, and the utilization of the plants as a food 
source by animals; 

• The type of habitats, organisms attracted to these habitats, and their feeding habits; and 



 

143  
Newhall Ranch Specific Plan Sub-Regional Stormwater Mitigation Plan 4/10/2008 

• System design and maintenance. 

The primary pollutants of concern with regard to bioaccumulation are mercury and selenium. 
However, as indicated by the water quality monitoring conducted by LACDPW at the Santa 
Clara River mass emission station S29 (LACDPW, 2005), selenium and mercury are not 
naturally present at levels of concern in this watershed. Since these pollutants would not be 
introduced during Specific Plan build-out, bioaccumulation of selenium and mercury is not 
expected. 

The potential for bioaccumulation impacts from the Specific Plan projects' treatment control 
facilities, such as bioretention, vegetated swales, and extended detention basins, would be 
minimal. Since the tributary areas to the BMPs are largely impervious, very little coarse solids 
and associated pollutants are expected to be generated. The vegetation in the facilities would trap 
sediments and pollutants in the soils, which contain bacteria that metabolize and transform trace 
metals, thereby reducing the potential for these pollutants to enter the food chain. The facilities 
do not provide open water areas and are not likely to attract waterfowl.  

Bioaccumulation of pollutants in the Santa Clara River would not be significant due to the low 
predicted concentrations of pollutants such as trace metals, which are predicted to be below the 
benchmark CTR criteria in the treated runoff. Also, sediments in the Santa Clara River are 
transported downstream in the wet season by storm flows, and therefore do not accumulate. 

On this basis, the potential for bioaccumulation and adverse effects on waterfowl and other 
species is considered less than significant.  

7.6. Dry Weather Runoff 

While there are no specific requirements in the MS4 Permit and the SUSMP requirements to 
treat dry weather discharges from the NRSP project area, pollutants in dry weather flows could 
also be of concern because dry weather flow conditions occur throughout a large majority of the 
year, and because some of the TMDLs in downstream reaches of the Santa Clara River are 
applicable for dry weather conditions (e.g., nutrients and chloride). 

Dry weather flows are typically low in sediment because the flows are relatively low and coarse 
suspended sediment tends to settle out or is filtered out by vegetation.  As a consequence, 
pollutants that tend to be associated with suspended solids (e.g., phosphorus, some bacteria, 
some trace metals, and some pesticides) are typically found in very low concentrations in dry 
weather flows.  The focus of the following discussion is therefore on constituents that tend to be 
dissolved, e.g., nitrate and trace metals, or constituents that are so small as to be effectively 
transported, e.g., pathogens and oil and grease.   

In order to minimize the potential generation and transport of dissolved constituents, landscaping 
in public and common areas will utilize drought tolerant vegetation that requires little watering 
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and chemical application.  Landscape watering in common areas, commercial areas, multiple 
family residential areas, and in parks will use efficient irrigation technology utilizing 
evapotranspiration sensors to minimize excess watering.  

In addition, educational programs and distribution of materials (source controls) will emphasize 
appropriate car washing locations (at commercial car washing facilities or the car wash pad in 
the multi-family residential areas) and techniques (minimizing usage of soap and water), 
encourage low impact landscaping and appropriate watering techniques, appropriate swimming 
pool dechlorination and discharge procedures, and discourage driveway and sidewalk washing.  
Illegal dumping will be discouraged by stenciling storm drain inlets and posting signs that 
illustrate the connection between the storm drain system and the receiving waters and natural 
systems downstream. 

The bioretention areas, vegetated swales, and the extended detention basins will provide 
treatment for and infiltrate dry weather flows and small storm events.  Water cleansing is a 
natural function of vegetation, offering a range of treatment mechanisms. Sedimentation of 
particulates is the major removal mechanism. However the performance is enhanced as plant 
materials allow pollutants to come in contact with vegetation and soils containing bacteria that 
metabolize and transform pollutants, especially nutrients and trace metals.  Plants also take up 
nutrients in their root system.  Some pathogens would be removed through ultraviolet light 
degradation.  Any oil and grease will be effectively adsorbed by the vegetation and soil within 
the low flow wetland vegetation.  Dry weather flows and small storm flows will infiltrate into the 
bottom of the basin after receiving treatment in the low flow wetland vegetation. 

The treatment control PDFs, without consideration of additional volume reductions potentially 
achieved in hydromodification controls, will infiltrate or evapotranspire all expected dry weather 
runoff (see Section 7.9.2 below).  It is expected that no dry weather discharge will occur to the 
Santa Clara River or tributaries.  A special exception to the complete infiltration of dry weather 
flows in the treatment control PDFs would be if it is desired to direct treated dry weather flows 
from the treatment control PDFs to mitigation habitat adjacent to the tributaries in order to 
support that habitat.  In that case, the treatment PDFs may be lined, and treated dry weather 
flows would be directed to and fully contained within the mitigation habitat.  Based on source 
control PDFs reducing the amount of dry weather runoff and treatment control PDFs capturing 
and treating the dry weather runoff that does occur, the impact from dry weather flows is 
considered less than significant. 

7.7. Summary of Surface Water Quality Impacts 

7.7.1. Direct Impacts 

While runoff volume; ammonia, trace metal, and chloride loads; and dissolved zinc 
concentration are predicted to increase, concentrations of all modeled constituents (except for 
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dissolved zinc) are predicted to decrease under proposed conditions when compared to existing 
conditions.   The modeled concentrations in runoff from developed areas with PDFs are below 
all benchmark water quality objectives and criteria and TMDL waste load allocations for the 
Santa Clara River and are addressed by a comprehensive site design, source control, and 
treatment control strategy, and compliance with SUSMP, Construction General Permit, and 
General De-Watering Permit requirements. 

Concentrations of hydrocarbons are expected to increase, while concentrations of pathogens, 
pesticides, and trash and debris may or may not increase under proposed conditions when 
compared to existing conditions, but none of the qualitatively assessed constituents are expected 
to significantly impact receiving waters due to the implementation of a comprehensive site 
design, source control, and treatment control strategy in compliance with the MS4 Permit 
requirements, Construction General Permit, and General De-Watering Permit requirements.  
Therefore potential impacts from the NRSP projects on receiving water quality are not expected 
to be significant. 

7.7.2. Cumulative Impacts 

This section defines the geographic area of potential impact for the cumulative impacts analysis, 
and evaluates impacts from probable future projects together with the incremental effects of the 
proposed NRSP projects to determine effects on water quality and hydromodification within this 
geographic area.  The model results presented below are used in addition to consideration of the 
other projects reflected in adopted plans and projections for areas tributary to Santa Clara River 
Reach 5 to get a better overall assessment of cumulative water quality effects on the Santa Clara 
River. 

The geographic area for evaluating cumulative impacts includes the unincorporated area of Los 
Angeles County west of The Old Road to the Ventura County line.  This geographic area 
includes the Newhall Ranch subregion, the Entrada subregion, the Legacy Village subregion, and 
the Valencia Commerce Center, as well as existing development in the Six Flags Magic 
Mountain area and the existing Valencia Water Reclamation Plant. 

The proposed Entrada Project site is located directly east of the NRSP area and west of Interstate 
5 (Figure 2-1).  Entrada is bounded by the Santa Clara River to the east and north, the Mission 
Village Project within the NRSP to the west, and the Westridge Project to the south.  The 
existing Six Flags Magic Mountain Theme Park is located adjacent to the NRSP and Entrada.  
The Entrada Project proposes development of single and multi-family residential units, 
commercial/retail uses, and a hotel on 813 acres.  The project also includes private recreational 
facilities and various trail and road improvements.   

The proposed Legacy Village Project is located south of the NRSP area, bordering the Mission 
Village and Homestead Projects, and north of Stevenson Ranch.  The 1,750 acre Legacy Project 
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proposes construction of residential areas and commercial space.  Over 1,000 acres of open space 
will be incorporated into the Legacy Village Project, including 50 acres of parks and trails. 

The remaining unbuilt portions of the Valencia Commerce Center are located  approximately 
one-half mile upstream of the confluence of Castaic Creek and the Santa Clara River.  
Approximately 4 million square feet of building floor area will be developed over the next five to 
ten years.  Additionally, bank stabilization improvements to Castaic Creek and Hasley Creek 
would be constructed in conjunction with these remaining phases of the Commerce Center.  

Urban runoff from the NRSP, Entrada, Legacy Village, and the Valencia Commerce Center 
project areas will discharge to the Santa Clara River after treatment.  Each of the projects will 
utilize vegetated swales, bioretention areas, and/or dry extended detention basins, as well as a 
full suite of site design and source control BMPs, to address pollutants of concern in stormwater 
runoff and dry weather discharges from the proposed projects.  Urban runoff from the Magic 
Mountain Theme Park and the Valencia WRP currently drains to the Santa Clara River and will 
continue to do so in proposed conditions without any anticipated change to stormwater 
management controls. 

The combined effect on modeled pollutant loads and concentrations of the NRSP, Entrada, 
Legacy Village, and the Valencia Commerce Center proposed projects and the existing Magic 
Mountain Theme Park and Valencia WRP are summarized in Tables 7-17 and 7-18 below, 
respectively.  Note that only stormwater impacts from runoff from the Valencia WRP site are 
included in modeled loads and concentrations; wastewater discharges are not included.  As 
shown in Table 7-17, when considered cumulatively, runoff volumes and loads of TKN, total 
nitrogen, total phosphorus, metals, and chloride are predicted to increase from the NRSP, 
Entrada, Legacy Village, and Valencia Commerce Center projects, while pollutant loads are 
expected to decrease for TSS and nitrate-N + nitrite-N.  Pollutant concentrations from the 
combined projects are predicted to decrease for all modeled parameters (Table 7-18).  Increases 
in pollutant loadings are not anticipated to be significant based on the fact that predicted 
pollutant concentrations are well below benchmark water quality standards and TMDL 
wasteload allocations and are primarily within the range of observed concentrations in Santa 
Clara River Reach 5 (Table 7-19). 
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Table 7-17:  Predicted Average Annual Combined Runoff Volume and Pollutant Loads for 
the NRSP, Legacy Village, Entrada, and Valencia Commerce Center Projects 

Development Condition 
Modeled Parameter Units Existing Developed w/ PDFs Change 

Volume acre-ft 1245 3968 2723 
Total Suspended Solids tons 483 302 -181 
Nitrate-N + Nitrite-N tons 5.4 3.3 -2.1 

Total Kjeldahl Nitrogen tons 5.2 9.6 4.4 
Total Nitrogen tons 10.6 12.9 2.3 

Total Phosphorus tons 1.3 1.5 0.2 
Total Aluminum lbs 4030 7396 3366 

Dissolved Aluminum lbs 732 1508 776 
Dissolved Copper lbs 39 99 60 

Total Lead lbs 37 77 40 
Dissolved Zinc lbs 477 670 193 

Chloride tons 44 93 49 
 

7-18:  Predicted Average Annual Combined Pollutant Concentrations for the NRSP, 
Legacy Village, Entrada, and Valencia Commerce Center Projects 

Development Condition 
Modeled Parameter Units Existing Developed w/ PDFs Change 

Total Suspended Solids mg/L 285 56 -229 

Nitrate-N + Nitrite-N mg/L 3.2 0.6 -2.6 

Total Kjeldahl Nitrogen mg/L 3.1 1.8 -1.3 

Total Nitrogen mg/L 6.3 2.4 -3.9 

Total Phosphorus mg/L 0.8 0.3 -0.5 

Total Aluminum ug/L 1191 685 -506 

Dissolved Aluminum ug/L 216 140 -76 

Dissolved Copper ug/L 12 9 -3 

Total Lead ug/L 11 7 -4 

Dissolved Zinc ug/L 141 62 -79 

Chloride mg/L 26 17 -9 
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Table 7-19:  Comparison of Predicted Pollutant Concentrations for the NRSP, Entrada, 
Legacy Village, and Commerce Center 26363 Projects with Water Quality Criteria and 
Observed Concentrations in Santa Clara River Reach 5  

Modeled 
Parameter Units 

Predicted 
Average 
Annual 

Concentration 

TMDL/ LA 
Basin Plan 

Water Quality 
Objectives 

California 
Toxics Rule 

Criteria 1 

Wasteload 
Allocations for 

MS4 Discharges 
into the Santa 
Clara River 

Reach 5   

Range of 
Observed 2 

Concentrations 
in Santa Clara 
River Reach 5  

Total 
Suspended 

Solids 
mg/L 56 

Water shall not 
contain suspended 

or settleable 
material in 

concentrations 
that cause 

nuisance or 
adversely affect 
beneficial uses 

NA NA 32 – 6,591 

Nitrate-N + 
Nitrite-N mg/L 0.6 5 NA 6.8 3 0.5 – 4.8 

Total 
Ammonia mg/L 0.5 2.2 4 NA 1.75 5 <0.005 – 1.1 

Total 
Nitrogen mg/L 2.4 NA NA <0.04 – 46 6 

Total 
Phosphorus mg/L 0.3 

Waters shall not 
contain 

biostimulatory 
substances in 

concentrations 
that promote 

aquatic growth to 
the extent that 
such growth 

causes nuisance or 
adversely affects 
beneficial uses 

NA NA 0.18 – 13.4 

Dissolved 
Copper µg/L 9 NA 32 NA 3.3 – 22.6 

Total Lead µg/L 7 NA 260 NA 0.6 – 40 
Dissolved 

Zinc µg/L 62 NA 250 NA 3 – 37 

Total 
Aluminum µg/L 685 NA 750 NA 131 – 19,650 

Chloride mg/L 17 100 NA 100 3 - 121 
1 Hardness = 250 mg/L, based on minimum observed value at USGS Station 11108500.  Lead criteria is for total 
recoverable lead.  NAWQC aluminum criteria for pH 6.5 – 9.0. 
2 Range of concentrations observed in the Santa Clara River during wet weather (see Section 2.3.1). 
3 30-day average. 
4 4-day average, ELS present, 90th percentile pH and temperature pairing observed at USGS Monitoring Station 11108500. 
5 30-day average in Reach 5 below Valencia. 
6 Observed values for TKN (ammonia plus organic nitrogen). 
NA – not applicable 

As discussed above, the anticipated quality of effluent expected from the NRSP projects’ PDFs 
will not contribute concentrations of pollutants of concern that would be expected to cause or 
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contribute to a violation of the water quality standards in the NRSP projects’ receiving waters.  
Therefore, the NRSP projects’ incremental effects on surface water quality are not expected to be 
significant. 

The NRSP projects’ surface runoff water quality, after PDFs, both during construction and post-
development, is predicted to comply with adopted regulatory requirements that are designed by 
the LARWQCB to assure that regional development does not adversely affect water quality, 
including: MS4 Permit and SUSMP requirements; Construction General Permit and General 
Dewatering Permit requirements; and benchmark Basin Plan water quality objectives, CTR 
criteria, and TMDLs.  Any future urban development occurring in the Santa Clara River 
watershed must also comply with these requirements.  By extrapolating the results of the direct 
and cumulative impact analysis modeling done for this NRSP Sub-Regional Stormwater 
Mitigation Plan, it can be predicted that analysis of other proposed development combined with 
existing conditions would have similar water quality results.  Therefore, cumulative impacts on 
surface water quality of receiving waters from the NRSP projects and future urban development 
in the Santa Clara Watershed are addressed through compliance with the MS4 Permit and 
SUSMP requirements; Construction General Permit and General Dewatering Permit 
requirements; and benchmark Basin Plan water quality objectives, CTR criteria, and TMDLs, 
which are intended to be protective of beneficial uses of the receiving waters.  Based on 
compliance with these requirements designed to protect beneficial uses, cumulative water quality 
impacts are mitigated to a level that is less than significant. 

7.7.2.1. Impacts of Newhall Ranch Reclaimed Water on Santa Clara River Water 
Quality and Hydrology 

In an average rainfall year, all tertiary treated wastewater from the Newhall Ranch WRP would 
be reclaimed for irrigation, except in the months of October through March.  During these 
months, approximately 286 to 1,025 acre-feet of tertiary-treated wastewater would not be needed 
to meet non-potable demand and would therefore be discharged to the Santa Clara River.  The 
water quality and hydrologic impacts associated with the discharge of tertiary treated reclaimed 
water to the Santa Clara River were previously analyzed at the project-level in the Newhall 
Ranch Specific Plan Revised Draft EIR (Impact Sciences, 1999) as well as the Newhall Ranch 
Specific Plan Revised Additional Analysis (Impact Sciences, 2003).  The conclusions from this 
project-level impact analysis are summarized below.  

Title 22 of the California Administrative Code (Title 22) specifies California’s Wastewater 
Reclamation Criteria (WRC) and all reclaimed water in California must meet or exceed these 
criteria.  These criteria apply to the treatment processes; treatment performance standards, such 
as removal efficiencies and effluent water quality; process monitoring programs, including type 
and frequency of monitoring; facility operation plans; and necessary reliability features.   
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The water quality of the Newhall Ranch WRP discharge will have to comply with federal CWA 
requirements as specified in a Waste Discharge Requirement (WDR) that must be obtained from 
the LARWQCB.  As required by the CWA, this permit will include effluent limitations for 
discharges to the Santa Clara River that will be protective of receiving water quality and 
designated beneficial uses.  Effluent limits in the WDR will be developed based on the most 
stringent of applicable technology-based and water quality-based standards, including Basin Plan 
objectives, CTR criteria, and applicable TMDL waste load allocations. 

As discussed in Final EIR Section 5.0, Subsection 5.2, Flood, the approximately 286 to 1,025 
acre-feet of tertiary-treated wastewater that might be discharged to the river from October 
through March would not represent a significant increase in the volume of floodwaters or in the 
annual average river flow. 

Based on required compliance with State and Federal water quality requirements and the project-
level analysis contained in the Newhall Ranch Specific Plan Revised Draft EIR and the Newhall 
Ranch Specific Plan Revised Additional Analysis, no significant impacts related to discharge of 
Newhall Ranch reclaimed water would occur on Santa Clara River water quality or hydrology. 

7.8. Groundwater Impacts 

7.8.1. Direct Groundwater Quality Impacts 

Discharge from the NRSP projects’ developed areas to groundwater will occur in three ways:  
(1) through general infiltration of irrigation water, (2) through incidental infiltration of urban 
runoff in the proposed treatment control and hydromodification control PDFs after treatment, 
and (3) infiltration of urban runoff, after treatment in the PDFs, in the Santa Clara River, which 
is the primary recharge zone for groundwater in the Santa Clara Valley.  Groundwater quality 
will be fully protected through implement of the NRSP projects’ site design, source control, and 
treatment control PDFs prior to discharge of project runoff to groundwater. 

Per the LARWQCB Clarification Letter (LARWQCB, 2006), generally, the common pollutants 
in stormwater are filtered or adsorbed by soil, and unlike hydrophobic solvents and salts, do not 
cause groundwater contamination.  In any case, infiltration of one to two inches of rainfall in 
semi-arid areas like Southern California where there is a high rate of evapotranspiration presents 
minimal risks. 

The pollutant of concern with respect to groundwater is nitrate-N plus nitrite-N.  The Basin Plan 
groundwater quality objective for nitrate-nitrogen plus nitrite-nitrogen is 10 mg/L (which is more 
stringent than the objective for nitrate-nitrogen alone (10 mg/L) and for nitrite-nitrogen alone (1 
mg/L)).  The predicted nitrate-nitrogen plus nitrite-nitrogen concentration in runoff after 
treatment in the project PDFs is 0.6 mg/L, which is well below the groundwater quality 
objective.   
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Wastewater generated by the Specific Plan projects will be treated in the Newhall Water 
Reclamation Plant (WRP).  Treatment at the Newhall Ranch WRP will consist of screening, 
activated sludge secondary treatment with membrane bioreactors, nitrification/denitrification, 
ultraviolet disinfection, and partial reverse osmosis.  Discharges from the Newhall Ranch WRP 
treatment facility are permitted by a NPDES Permit and Waste Discharge Requirements (WDRs) 
issued by the LARWQCB in October 2007 (LARWQCB, 2007).   Treated effluent from the 
Newhall Ranch WRP will be used to supply distribution of recycled water throughout the 
Specific Plan area in the form of irrigation of landscaping and other approved uses.  The Newhall 
Ranch WRP Permit contains effluent limitations that will control the amount of conventional, 
non-conventional, and toxic pollutants discharged to the receiving waters.  These effluent limits 
are a combination of technology-based limits (per 40 CFR section 122.44(a)) and water quality-
based limits (per 40 CFR section 122.44(d)).  The effluent limitation contained in the Newhall 
Ranch WRP Permit for nitrate-N plus nitrite-N is 5 mg/L and the limitation for nitrite-N is 0.9 
mg/L (average monthly).  As the Basin Plan groundwater quality objective for nitrate-nitrogen 
plus nitrite-nitrogen is 10 mg/L or 1 mg/L for nitrite-nitrogen, the Newhall Ranch WRP 
irrigation water supply that will serve the NRSP projects will be well below the groundwater 
quality objectives. 

On this basis, the potential for the NRSP projects to adversely affect groundwater quality is 
considered less than significant.  

7.8.2. Cumulative Groundwater Quality Impacts 

As discussed above, the anticipated quality of runoff discharges from the NRSP projects’ 
developed areas and irrigation to groundwater will not contribute loads or concentrations of 
pollutants of concern that would be expected to cause or contribute to a violation of the 
groundwater quality standards.  By extrapolating these results to existing and proposed 
development throughout the watershed and based on a review of adapted plans and projections, it 
is concluded that no adverse cumulative effects would occur to groundwaters.  Therefore, the 
NRSP projects’ incremental effects on groundwater quality are not expected to be significant. 

The NRSP projects’ discharges to groundwater, after PDFs, both during construction and post-
development, is predicted to comply with adopted regulatory requirements that are designed by 
the LARWQCB to assure that regional development does not adversely affect water quality, 
including: MS4 Permit and SUSMP requirements; Construction General Permit and General 
Dewatering Permit requirements; and benchmark Basin Plan groundwater quality objectives.  
Any future urban development occurring in the Santa Clara  River watershed must also comply 
with these requirements.  Therefore, cumulative impacts on groundwater quality from the 
proposed Project and future urban development in the Santa Clara Watershed are addressed 
through compliance with the MS4 Permit and SUSMP requirements, Construction General 
Permit requirements, General Dewatering Permit requirements, and benchmark Basin Plan 
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groundwater quality objectives, which are intended to be protective of beneficial uses of the 
groundwater.  Based on compliance with these requirements designed to protect beneficial uses, 
cumulative groundwater quality impacts are mitigated to a level that is less than significant. 

7.8.3. Groundwater Recharge Impacts 

7.8.3.1. Direct Project Impacts 

In a groundwater basin, the effect of urbanization on recharge to underlying groundwater is 
dependent on land uses, water uses, vegetative cover, and geologic conditions.  Groundwater 
recharge from undeveloped lands occurs from precipitation alone, whereas areas that are 
developed for agricultural or urban land uses receive both precipitation and irrigation of 
vegetative cover.  In an urban area, groundwater recharge occurs directly beneath irrigated lands 
and in drainages whose bottoms are not paved or cemented.  A memorandum prepared by CH2M 
Hill entitled “Effect of Urbanization on Aquifer Recharge in the Santa Clarita Valley” (Appendix 
E) discusses the general effects of urbanization on groundwater recharge and the specific effects 
in the Santa Clarita Valley.  

Currently the site is irrigated agricultural land.  As a result, in the existing condition recharge 
occurs within the Project site from irrigation and precipitation. On one hand, development of the 
site will introduce impervious surface over approximately 30 percent of the NRSP subregion, 
which will tend to reduce recharge.  In addition, development of agricultural lands will eliminate 
agricultural irrigation as a source of recharge.  On the other hand, development of the site will 
increase runoff volume discharged after treatment to the Santa Clara River, whose channel is 
predominantly natural and consists of vegetation and coarse-grained sediments (rather than 
concrete).  The porous nature of the sands and gravels forming the streambed will allow for 
significant infiltration to occur to the underlying groundwater.  Also, the Project will introduce 
landscaping, irrigation, and PDFs designed to infiltrate runoff.  These project effects will 
increase groundwater recharge from the Project.  On balance, it is unlikely that the NRSP 
projects will result in a significant change in groundwater recharge in the project vicinity.  Based 
on the above discussion, the NRSP projects’ impact on groundwater recharge is considered less 
than significant. 

7.8.3.2. Cumulative Impacts 

Increased urbanization in the Valley has resulted in the irrigation of previously undeveloped 
lands.  The effect of irrigation is to maintain higher soil moisture levels during the summer than 
would exist if no irrigation were occurring.  Consequently, a greater percentage of the fall/winter 
precipitation recharges groundwater beneath irrigated land parcels than beneath undeveloped 
land parcels.  In addition, urbanization in the Santa Clarita Valley has occurred in part because of 
the importation of State Water Project (SWP) water, which began in 1980.  SWP water use has 
increased steadily, reaching nearly 44,500 acre-feet (AF) in 2003.  Two-thirds of this water is 
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used outdoors, and a portion of this water eventually infiltrates to groundwater.  The other one-
third is used indoors and is subsequently routed to local water reclamation plants (WRPs) and 
then to the Santa Clara River (after treatment).  A portion of this water flows downstream out of 
the basin, and a portion infiltrates to groundwater. 

Records show that groundwater levels and the amount of groundwater in storage were similar in 
both the late 1990s and the early 1980s, despite a significant increase in the urbanized area 
during these two decades.  This long-term stability of groundwater levels is attributed in part to 
the significant volume of natural recharge that occurs in the streambeds, which do not contain 
paved, urban land areas.  On a long term historical basis, groundwater pumping volumes have 
not increased due to urbanization, compared with pumping volumes during the 1950s and 1960s 
when water was used primarily for agriculture.  Also, the importation of SWP water is another 
process that contributes to recharge in the Valley.  In summary, urbanization has been 
accompanied by long-term stability in pumping and groundwater levels, plus the addition of 
imported SWP water to the Valley, which together have not reduced recharge to groundwater, 
nor depleted the amount of groundwater that is in storage within the Valley. 

Based on the above discussion, the cumulative impact on groundwater recharge is considered 
less than significant. 

7.9. Hydromodification Impacts 

Development typically increases impervious surfaces on formerly undeveloped (or less 
developed) landscapes, reducing the capture and infiltration of rainfall.  The result is that, as a 
watershed develops, a larger percentage of rainfall becomes runoff during any given storm.  In 
addition, runoff reaches the stream channel more efficiently due to the development of storm 
drain systems, so that the peak discharge rates for rainfall events and floods are higher for an 
equivalent event than they were prior to development.  Further, the introduction of irrigation and 
other dry weather flows can change the seasonality of runoff reaching natural receiving waters.  
These changes, in turn, affect the stability and habitat of natural drainages, including the physical 
and biological character of these drainages.  This process, termed “hydromodification” 
(SCCWRP, 2005a) is addressed in this section. 

Significant adverse hydromodification impacts are presumed to occur if the proposed project 
would:   

• Substantially alter the existing drainage pattern of a natural drainage, stream, or river 
causing substantial erosion, siltation, or channel instability; or 

• Substantially increase the rates, velocities, frequencies, duration and/or seasonality of 
flows causing channel instability and harming sensitive habitats or species in natural 
drainages in a manner that substantially adversely affects beneficial uses. 
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Natural or naturalized drainages8 which will receive flows from developed areas within the 
NRSP subregion are: the Santa Clara River, Long Canyon, Potrero Canyon, Chiquito Canyon, 
and San Martinez Grande Canyon.  Flows from developed areas within the NRSP subregion will 
not be discharged to the other tributaries shown on Figure 2-3.  Therefore, this analysis addresses 
the potential for hydromodification impacts to the Santa Clara River, Long Canyon, Potrero 
Canyon, Chiquito Canyon, and San Martinez Grande Canyon as a result of the NRSP projects.   

The physical alteration of natural drainages, such as bank protection, energy dissipaters, and 
bridge abutments, are not impacts created by changes in runoff seasonality, volume, duration, or 
flow associated with development.  Instead, these types of alterations are physical alterations to 
the stream bed and bank, with associated effects on stream habitat and species.  These type of 
effects are analyzed in the Newhall Ranch Resource Management and Development Plan and 
Spineflower Conservation Plan Draft Joint Environmental Statement and Environmental Impact 
Report (SCH #2000011025). 

7.9.1. Wet Weather Flows 

7.9.1.1. Direct Impacts to the Santa Clara River and Tributaries 

The NRSP projects would develop approximately 31 percent (3,665 acres) of the total 11,999 
acre NRSP area.  The size of the NRSP area in comparison to both the 1,618 square mile total 
Santa Clara River watershed area and the expected total impervious area in the watershed in the 
existing conditions and at build-out is small.  It is estimated, based on the land use data provided 
by LACDPW from adopted General Plans within the watershed, that the NRSP projects will 
comprise approximately five percent of the total impervious area in the Santa Clara River 
watershed above the NRSP area at ultimate planned build-out for the watershed.  See Section 
4.4.3 above for information regarding adopted plans and projections used to derive build-out 
assumptions for the watershed. 

Three strategies will be used in the NRSP projects to prevent and control hydromodification 
impacts to the Santa Clara River and the Tributaries: 

• Project-based hydrologic source control, 

• Project-based flow duration control, and  

• Geomorphically-referenced channel design. 

                                                 

8 The term naturalized drainage means a drainage with some geomorphically-referenced engineering, but which 
retains natural bed and/or bank throughout the drainage, thereby retaining certain natural functions and habitat. 
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Geosyntec Consultants has developed and used a state-of-the-art analytical technique to evaluate 
and address hydromodification impacts that result from watershed development (see Appendix G 
for further detail).  This unique approach has been developed to provide a more accurate 
comparison of the changes that take place in stormwater runoff, stream flows, and sediment 
transport characteristics due to watershed development than traditional hydrologic analysis 
methodologies.  Hydromodification control PDFs developed with this methodology are intended 
to protect the tributaries Long Canyon, Potrero Canyon, Chiquito Canyon, and San Martinez 
Grande Canyon (the “Tributaries”) from excessive erosion and degradation by discharges from 
the NSRP projects.  Direct and indirect discharges to the Santa Clara River from the NRSP 
projects are not expected to cause channel instability (Balance Hydrologics, 2005, see further 
Cumulative Impacts below), particularly with design controls that will protect the stability and 
integrity of the Tributaries. 

Three hydromodification control management approaches are available to protect the Tributaries: 

1. Hydromodification control using hydrologic source control and flow duration control 
basins only (called “on-site control”).   

2. Hydromodification control using naturalized in-stream grade stabilization (or drop) 
structures to provide an equilibrium slope that maintains the existing sediment transport 
capacity (called “in-stream control”). 

3. Hydromodification control using a combination of on-site control and in-stream control. 

The choice of a hydromodification management approach or approaches will be dictated by the 
strategies that are appropriate given the conditions of each channel and its contributing 
watershed within the NRSP project and the standards and criteria set forth in this report.  
Consequently, a suite of the above management approaches will be applied to provide a 
comprehensive solution to managing potential increases in runoff to the Tributaries due to land 
use change. 

Hydromodification control PDF selection for each NRSP project will be finalized at the time of 
Project Water Quality Technical Report preparation subject to the requirement that the final 
hydromodification control PDFs selected for each project shall meet or exceed the 
hydromodification control performance standard set forth below.  The Project Water Quality 
Technical Report will provide project-level information and detail concerning how the 
provisions of this NRSP Sub-Regional SWMP will be implemented within the area covered by 
the individual Project Water Quality Technical Report. 

The following performance standard has been defined for discharges from the NRSP projects to 
the Tributaries: 
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The erosion potential (Ep) of stormwater discharges from the Project shall be maintained 
within 20% of the target value in the tributary drainages that will receive post-development 
flows.  The target erosion potential (Ep) will consider changes in sediment supply. 

The hydromodification performance standard will be met for all of the NRSP projects as follows: 

1. The NRSP projects shall provide hydromodification controls for discharges to the 
tributary drainages as needed to meet the performance criteria stated above, as further 
prescribed in 2) and 3) below.   

2. Hydromodification controls shall consist of on-site or in-stream controls, or a 
combination thereof.   

3. In-stream controls shall be designed to achieve the hydromodification performance 
standard from the point of discharge to the drainage channel downstream to the 
confluence of the tributary drainage with the Santa Clara River. 

7.9.1.2. Project-based Hydrologic Source Control  

Disconnecting impervious areas from the drainage network and adjacent impervious areas is a 
key approach to protecting channel stability.  Several hydrologic source controls will be included 
in the NRSP projects that will limit impervious area and disconnect imperviousness:  

Low Impact/Site Design PDFs.  Low impact/site design PDFs will help to reduce the increase in 
runoff volume, including the clustering of development into village areas, leaving large amounts 
of undeveloped open space within the NRSP subregion; routing of impervious area runoff to 
vegetated areas; use of native and drought tolerate plants in landscaped areas; and the use of 
efficient irrigation systems in common area landscaped areas.  The reduction in runoff volume 
attributable to some of these low impact/site design PDFs were not quantified in the runoff 
modeling, so these PDFs will reduce the predicted increase in runoff volumes discussed below.  
These measures will help to protect the stability of both the Santa Clara River and the Tributaries 
and to avoid and minimize direct impacts to those drainages. 

Treatment Controls.  The projects’ treatment control PDFs will also serve as hydromodification 
source control BMPs.  Vegetated BMPS such as vegetated swales, filter strips, extended 
detention basins, and bioretention areas with underdrains can provide volume reduction on the 
order of 20 to 30 percent through infiltration and evaporation.  Some bioretention areas, if site 
conditions are suitable, may not utilize underdrains.  In these cases, all water captured in the 
bioretention areas without underdrains would be effectively removed from the project’s 
stormwater discharges.  Collectively, these vegetated treatment facilities are expected to provide 
significant reduction in wet weather runoff.  In addition, these facilities will also receive and 
eliminate dry weather flows.  
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The increase in impervious surface within the NRSP area is predicted to increase the average 
annual stormwater runoff volume from the project area by approximately 2,001 acre-feet per 
year, after accounting for the estimated 20 percent volume reduction in the proposed treatment 
control PDFs (see Section 7.1 above).  The hydromodification control PDFs discussed below, 
on-site controls and geomorphically-referenced in-stream controls, will be implemented such 
that direct impacts to the Santa Clara River or the Tributaries from the increased runoff volume 
are avoided, minimized, and mitigated.  

7.9.1.3. Project-based On-Site Control 

Flow duration control basins for on-site control, discussed in Appendix G, would be sized to 
ensure no change in cumulative duration of flows greater than the critical flow for bed or bank 
mobility.  Appendix G presents a set of normalized sizing charts developed for the Specific Plan 
area that can be used to estimate the unit total storage volume and capture volume (acre-inches 
per acre of tributary area) based on the imperviousness of the flow duration basin’s tributary 
catchment area and the tributary area soil type (or infiltration rate).  These sizing charts are 
intended for planning purposes only.  At the time that Project Water Quality Technical Reports 
are prepared, flow duration control facilities, if utilized, would be sized using more detailed 
project level information.  This sizing would maintain the standard for assuring no change in the 
cumulative duration of flows greater than critical flow for bed/bank mobility.  Flow duration 
control basins may be used alone or in conjunction with in-stream hydromodification controls 
(geomorphically-referenced channel design) to prevent exceedances of the critical flow to the 
Tributaries. 

7.9.1.4. Geomorphically-Referenced Channel Design 

The hydromodification management approach for the Santa Clara River and the Tributaries will 
incorporate “geomorphically-referenced river engineering” for in-stream controls as described in 
SCCWRP Technical Report 450 (SCCWRP, 2005a).  The goal of this approach is to preserve the 
appearance of the natural stream channel to the maximum extent practicable while maintaining 
stability in stream channel morphology.  In the Tributaries, geomorphic principles will be used in 
combination with on-site controls to design stable stream channels given the expected hydrologic 
and sediment regimes of each tributary.  A minimum of hard, engineered structural elements will 
be used within the stream channel so that a natural appearance will be preserved while the new 
stream channel form can remain stable. 

Within the Santa Clara River, the development footprint will allow for the greatest freedom 
possible for “natural stream channel” activity.  This includes establishing buffer zones and 
maintaining setbacks to allow for channel movement and adjustment to changes in energy 
associated with runoff.  
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The engineered structural elements that will be implemented include energy dissipation, bank 
stabilization, and grade stabilization structures, described below. 

• Energy Dissipation.  Erosion protection will be provided in areas where discharges have 
the potential to cause stream erosion.  Erosion protection will be provided at all storm 
drain outlets to the Santa Clara River and the Tributaries. 

• Bank Stabilization.  Bank protection will be installed along portions of the Santa Clara 
River and the Tributaries where necessary to protect against flooding and erosion 
pursuant to Federal Emergency Management Administration (FEMA) and Los Angeles 
County Department of Public Works' requirements.  The locations for the bank 
stabilization will be selected so that bank protection along the river would generally be 
placed in non-jurisdictional upland areas adjacent to the river.  Installing bank protection 
in non-jurisdictional areas reduces and/or avoids impacts to the river and has the 
potential to create new riverbed areas, allows for channel movement and adjustment to 
changes in energy associated with runoff, and increases riparian habitat. 

• Grade Stabilization Structures. Grade stabilization structures will be installed in four 
Tributaries (Long Canyon, Potrero Canyon, Chiquito Canyon, and San Martinez Grande 
Canyon) to maintain sediment equilibrium and protect the channel bed and banks from 
hydromodification impacts.  Grade stabilization structures will also be installed in Lion 
Canyon in order to stabilize and restore the drainage.  The grade stabilization structures 
are intended to create stable drainage channels that will support in-channel habitat 
following project implementation.   

7.9.1.5. Conclusion 

In summary, although Project runoff volumes, flow rates, and durations will increase, potential 
impacts of hydromodification (i.e., the potential to cause erosion, siltation, or channel instability) 
will be minimized by the Project PDFs in the following ways:  

• Project low impact/site design and on-site treatment and flow duration control PDFs will 
avoid and/or minimize increases in runoff volume from the development area, the 
preferred method for controlling hydromodification impacts from new development 
(SCCWRP, 2005a). 

• Concentrated flows will be mitigated with energy dissipaters at the discharge points to 
the Santa Clara River and to the Tributaries.  The Santa Clara River and Tributary banks 
will be protected primarily with vegetated buried bank stabilization in non-jurisdictional 
upland areas adjacent to the river.  This type of biostabilization technique is the preferred 
approach for bank stabilization (SCCWRP, 2005a).  In the Tributaries, geomorphic 
principles will be used in combination with on-site controls to design stable stream 
channels given the expected hydrologic and sediment regimes of each tributary.  A 
minimum of hard, engineered structural elements will be used within the stream channel 
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so that a natural appearance will be preserved while the new stream channel form can 
remain stable. 

Hydromodification control PDFs, including a combination of on-site controls and/or in-stream 
controls designed to meet the performance standard set forth in this Report and by reference to 
the framework set forth in Appendix G, will protect the Santa Clara River and Tributaries from 
excessive erosion and degradation by discharges from the NSRP projects.  For this reason, the 
wet weather direct hydromodification impacts of the NRSP projects with PDFs on the Santa 
Clara River and the Tributaries are considered less than significant. 

7.9.1.6. Cumulative Impacts 

The assessment of direct hydromodification impacts to the Tributaries above constitutes a 
cumulative analysis for those drainages because it takes into account total permissible 
development within each Tributary watershed.   

As identified in the MS4 Permit, increased volume, velocity, and discharge duration of 
stormwater runoff from the cumulative existing and future developed areas in watersheds of 
natural drainages, including the Santa Clara River, has the potential to accelerate downstream 
erosion and impair stream habitat.  Given the very large size of the Santa Clara River watershed, 
the contribution of the NRSP projects to cumulative hydromodification impacts to the Santa 
Clara River is difficult to assess quantitatively.   Therefore, a qualitative assessment that 
references total predicted development per adopted General Plans and projections for the Santa 
Clara River watershed is provided below.   

Effect of Watershed Impervious Area 

The limited hydromodification impact research to date has focused on empirical evidence of 
channel failures in relationship to directly connected impervious area (DCIA) or total impervious 
area.  However, more recent research has established the importance of size of watershed, 
channel slope and materials, and climatic and precipitation patterns (SCCWRP 2005a, Balance 
Hydrologics 2005 (provided in Appendix F)).  Impervious area that drains directly to a storm 
drain system and then to the receiving water is considered “directly connected,” whereas 
impervious area that drains through vegetation or to infiltration facilities is considered 
“disconnected.”   

Booth and Jackson (1997) reported finding a correlation between loss of channel stability and 
increases in DCIA.  In Washington State, streams were found to display the onset of degradation 
when the DCIA increases to ten percent or more, and a lower imperviousness of five percent was 
found to cause significant degradation in sensitive watersheds (Booth and Jackson, 1997).  The 
Center for Watershed Protection (Schuler and Holland, 2000) described the impacts of 
urbanization on stream channels and established thresholds based on total imperviousness within 
the tributary drainage area.  It states “a threshold for urban stream stability exists at about 10 
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percent imperviousness.”  It further states that a “sharp threshold in habitat quality exists at 
approximately 10 percent to 15 percent imperviousness.”  These studies, however, addressed 
changes in a very different climatic region than Southern California. 

Geosyntec’s work in the San Francisco Bay area’s Santa Clara Valley (Geosyntec, 2004) also 
evaluated the relationship between imperviousness and stream channel degradation in an area 
that had predominately directly connected impervious areas.  Geosyntec found similar results to 
those published by Booth and Schuler, where channel erosion was observed at approximately six 
to nine percent imperviousness for two separate watershed systems.  More recent studies 
conducted by Geosyntec in this same watershed area showed that levels as low as two to three 
percent total imperviousness could lead to stream channel degradation, depending on channel 
characteristics.  This region also has different climatic characteristics than Southern California.  

Although physical degradation of stream channels in semi-arid climates of California may be 
detectable when watershed imperviousness is between three and five percent, not all streams will 
respond in the same manner (SCCWRP, 2005b).  Management strategies need to account for 
differences in stream type, stage of channel adjustment, current and expected amount of basin 
imperviousness, and existing or planned hydromodification control strategies. 

The absolute measure of watershed imperviousness that could cause stream instability in the 
Santa Clara River depends on many factors, including watershed area, land cover, and soil type; 
development impervious area and connectedness; reduced sediment yield; longitudinal slope of 
the river; channel geometry; and local boundary materials, such as bed and bank material 
properties and vegetation characteristics.  Based on land use data provided by the County of Los 
Angeles (see Section 4.4.3 above), the estimated cumulative level of percent impervious area at 
build-out in the Santa Clara River watershed upstream from the NRSP area is nine percent.   

Effect of Catchment Drainage Area  

The Southern California Coastal Water Research Project (SCCWRP) found signs of 
hydromodification impacts in Southern California streams when watershed percent 
imperviousness was around two to three percent for streams with a catchment drainage area of 
less than five square miles (mi2) (SCCWRP, 2005a).  Recognizing that their findings were based 
on the type and size of catchments that were measured, the researchers in the SCCWRP study 
attempted to develop a framework by which their results could be extended to other stream types.  
They developed a classification system based on watershed characteristics, stream channel 
characteristics (including level of vegetative development), and stream channel resistance, and 
suggested these features could be important in selecting management strategies and approaches 
to control hydromodification impacts.  The Level 1 classification is based on watershed 
characteristics that include the size, shape, and topography of the watershed.   
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The catchment drainage area (CDA) is stated to be the most obvious differentiator among 
watersheds, as this is likely to have the greatest effect on runoff.  The SCCWRP study focused 
on small watersheds (< 5 mi2), whereas the CDA of the Santa Clara River at the Los Angeles 
County line, near the western edge of the NRSP area (the Upper Watershed), is about 640 mi2.  
Based on the differences in CDA, the SCCWRP findings with respect to CDA would not be  
applicable to the Santa Clara River.  Information in the SCCWRP report, based in part on the 
work of Zielinski (2002), suggests that smaller watersheds are more responsive and sensitive to 
changes in land use, whereas larger watersheds (> 30 mi2) were said to be less responsive to land 
use changes.  Geosyntec’s work in the San Francisco Bay area found significant 
hydromodification impacts on streams of watersheds that were 40 mi2 in size; however, this is 
still substantially smaller than the Santa Clara River watershed at the Los Angeles County line.  
Given the large CDA for the Santa Clara River, the river is likely less responsive to potential 
hydromodification effects, but channel morphology must still be examined to determine the level 
and potential significance of Santa Clara River response. 

Application to the Santa Clara River 

Balance Hydrologics assessed the potential effects of the planned cumulative urbanization within 
the Santa Clara River upstream of the County line (the upper watershed) on channel morphology 
by examining historical changes in the Santa Clara River channel pattern in response to different 
types of major disturbance using historical rainfall and other relevant records and aerial channel 
photography (Balance Hydrologics, 2005 (provided in Appendix F)).  The findings of this 
analysis are summarized below. 

The Santa Clara River is a dynamic, episodic system.  Understanding the magnitude of 
geomorphic change over the course of recent history in response to natural and human 
disturbances in the watershed is a key factor in assessing the potential response to future 
urbanization within the watershed.   

For example, the report examines the construction of Castaic Dam in the 1974 (affecting 
approximately 30 percent of the Santa Clara River watershed above Castaic Creek), which cut 
off a significant supply of sediment to the Santa Clara River.  This change, however, does not 
appear to have had an effect on the channel dimensions of the Santa Clara River mainstem.  The 
width of the active corridor as well as the general form of the channel are generally consistent 
before and after construction of the dam.  It appears that the Santa Clara River had enough 
buffering capacity to absorb this change.  The report finds that the depletion of sediment supply 
to the mainstem, which would typically be expected to cause erosive effects, did not, in fact, 
result in those effects, perhaps because reductions in sediment were offset by additional available 
sediment stored in the basin in the upper watershed as a result of movement along the San 
Gabriel fault. 
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Similarly, the report examines the amount of vegetation within the Santa Clara River corridor, 
which appears to have generally increased since the 1960s, likely due to the increase in available 
summer flows due to the Valencia and Saugus Water Reclamation Plants’ discharges.  However, 
this vegetation does not seem to provide enough erosion resistance to maintain a “stable” channel 
capable of withstanding regular ‘re-sets’, large events that completely alter the form of the Santa 
Clara River channel which occur at intervals averaging about a decade, or much less than the 
expected lifetime of the riparian woodlands which do get established.  Despite heavy vegetation 
on the channel banks near the NRSP area and in areas of ground-water upwelling, the stream still 
responds to large events by a general widening and/or shift of the active channel within the River 
corridor. 

After studying the response of the river to several different anthropogenic and natural 
disturbances, the report concludes that the Santa Clara River, as with many streams in semi-arid 
southern California, is highly episodic.  Concepts of “normal” or “average” sediment-supply and 
flow conditions have limited value in this “flashy” environment, where episodic storm and 
wildfire events have enormous influence on sediment and storm flow conditions.  In these 
streams, a large portion of the sediment movement events can occur in a matter of hours or days.  
Other perturbations which can potentially affect channel geometry appear to have transitory or 
minor manifestations.  For example, effects on the channel width due to the 1980s levee 
construction were barely discernible by the first few years of the 21st century, probably mostly 
due to morphologic compensation associated with the storm events in the mid- to late-1990s.  As 
a result, channel morphology, stability, and character of the Santa Clara River is almost entirely 
determined by the “reset” events that occur within the watershed. 

Fluvial Study 

Additional study of the Santa Clara River has been performed by Pacific Advanced Civil 
Engineering, Inc., who prepared a comprehensive fluvial analysis for Santa Clara River through 
the NRSP area (PACE, 2006) for LACDPW.  A river fluvial analysis is the study of the river bed 
and bank sediment movement over time and as a result of flow in the river and changes in the 
tributary watershed. 

The fluvial analysis had three distinct components: 

1. Analysis of long term trends of river bed and bank sediment build-up (aggredation) or 
removal (degradation) was performed.  More than 80 years of available historic 
topographic mapping of the river indicated no real trend of aggredation or degradation in 
the study reach. 

2. General (capital storm event) aggredation/degradation calculations were performed to 
determine the expected fluvial response of the river to the LACDPW design storm event 
(>140,000 cfs).  US Army Corps of Engineers computer modeling software (SAM) was 
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used to evaluate existing and proposed project conditions.  Only minor variations in the 
fluvial response were shown in the modeling. 

3. Local aggredation/degradation resulting from river curvature, bridges, river bed material, 
and various other components were considered and estimates of aggredation and 
degradation were calculated. 

To complete the fluvial analysis, long term, general, and local aggredation/degradation 
components were added together to obtain the total aggredation/degradation for each river 
section within the study reach. 

One of the purposes for the fluvial analysis, which has been approved by LACDPW, was to 
provide a level of understanding of the Santa Clara River Newhall Ranch reach fluvial 
mechanics related to existing conditions and proposed NRSP development conditions to identify 
any potential project impacts.  The fluvial analysis showed very little change between the pre- 
and post-development conditions and therefore concluded that there is no potential adverse 
impact to the fluvial mechanics of the river. 

Conclusion 

As discussed above, the NRSP projects will include a number of hydrologic source control PDFs 
that will substantially lessen any potential contribution to cumulative hydromodification impacts 
to the Santa Clara River.  In addition, it is presumed that all future development within the 
watershed will implement hydromodification controls to meet flow criteria that will be adopted 
by the LACDPW under Part 4, § D.1 of the MS4 Permit.  These measures are designed to 
mitigate and prevent direct and cumulative hydromodification impacts. 

Within the Santa Clara River watershed, major perturbations (urbanization, dam construction, 
levee construction, decadal changes in climate, and increases in woody vegetation) do not appear 
to have had a significant impact on the geomorphic expression of the Santa Clara River.  Large 
“re-set” events (those which are typically not as affected by increases in impervious area) have 
episodically completely altered the form of the Santa Clara River channel.  These events, 
occurring on average once every ten years, are a dominant force in defining channel 
characteristics.  The geomorphic dominance of “re-set” events determines the geomorphic 
character of the Santa Clara River and the Santa Clara River’s response to anthropogenic 
perturbations, including hydromodification impacts associated with development, is expected to 
be minimal in light of the “re-set” driven nature of the Santa Clara River channel.  Due to these 
episodic “re-sets,” “unraveling” of the Santa Clara River mainstem due to hydromodification 
associated with cumulative urban development within the watershed, as is seen in many smaller 
southern California watersheds, is not expected to occur.  The “re-set” events appear to 
adequately buffer changes that may occur in short-term sediment transport, between re-set 
events.   
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Based upon the above discussion, that the NRSP projects include hydromodification controls as 
Project Design Features, that the NRSP projects will be conditioned to include Project Design 
Features to meet the performance standard established in this Report to protect the Tributaries 
from hydromodification impacts, that future development projects within the watershed will 
control flow in compliance with the regional program, and that large-scale changes naturally 
occur in the Santa Clara River in response to major episodic events, the NRSP projects’ 
contribution to cumulative hydromodification impacts to the Santa Clara River and the 
Tributaries will be less than significant and consistent with the requirements of the MS4 permit. 

7.9.2. Dry Weather Runoff 

7.9.2.1. Direct Impacts 

In order to quantitatively address dry weather impacts, a dry weather water balance was 
performed.  The quantity of dry weather flows from urban sources is variable and not easily 
quantified.  Information available from the Irvine Ranch Water District suggests an average dry 
weather flow from urban areas of 2.9 x 10-4 cfs per urbanized acre (IRWD, 2003).  Dry weather 
flow estimates in Santa Monica, used to design a dry weather flow recycling facility, indicate a 
range of dry weather flows between 8.3 x 10-5 to 1.8 x 10-4 cfs per urbanized acre (Antich et. al., 
2003).  For purposes of conservatively estimating the impacts of dry weather flows, a dry 
weather discharge of 3.0 x 10-4 cfs per urbanized acre was used in this report.  Table 7-20 
presents a monthly dry weather flow balance for the NRSP area.  The treatment control BMPs 
were conservatively assumed to infiltrate at 0.05 inches per hour, which is representative of 
compacted Hydrologic Group Type C soils (e.g., clay loams, shallow sandy loams, soils low in 
organic matter, and soils usually high in clay).  Infiltration volume was calculated as the BMP 
bottom area times the infiltration rate.  Evapotranspiration rates were conservatively assumed to 
be 60% of reference rates from the California Irrigation Management Information System 
(CIMIS) Zone 14, in which the NRSP area is located.  It was assumed that open space in the 
NRSP area would result in no dry weather runoff. 

It is predicted that all dry weather flows will be infiltrated or removed by evapotranspiration in 
the treatment control PDFs, which also provide hydrologic source control.  As a result, no 
appreciable change in seasonality of flows is anticipated to result from development. 

Based on comprehensive site planning, source control, and treatment control strategy and the 
water balance analysis, the impact of the NRSP projects on dry weather water quality and 
seasonality of flow in the Tributaries and the River is considered less than significant. 
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Table 7-20: Predicted Dry Weather Water Balance  

Month 
Dry Weather 

Flow (af)1 
ETo Capacity  

(af)2 
Infiltration Capacity 

(af)3 
Excess Capacity 

 (af) 4 
January 65.1 2.1 85.4 22.4 
February 58.8 3.1 77.1 21.4 
March  65.1 5.1 85.4 25.4 
April 63.0 7.0 82.6 26.6 
May 65.1 9.4 85.4 29.7 
June 63.0 10.7 82.6 30.4 
July 65.1 12.0 85.4 32.2 
August 65.1 10.7 85.4 30.9 
September 63.0 7.8 82.6 27.5 
October 65.1 5.6 85.4 25.8 
November 63.0 2.9 82.6 22.5 
December 65.1 2.1 85.4 22.4 

1 Based on dry weather flow of 0.0003 cfs/acre from a range of researched values. 
2 60% of reference evapotranspiration rate (ETo) from CIMIS Zone 14. 
3 Equal to 0.05 in/hr over BMP bottom area. 
4 Equal to (ETo + Infiltration Capacity) – Dry Weather Flow. 
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8. CONCLUSIONS 

This section summarizes the potential effects, if any, of the NRSP projects on water quality and 
hydromodification in Santa Clara River Reach 5.   

8.1. Water Quality Impacts 

The following are the conclusions regarding the significance of impacts for the pollutants of 
concern under wet and dry weather conditions:  

• Sediments: MS4 Permit, Construction General Permit, Dewatering General Permit, and 
SUSMP-compliant BMPs will be incorporated into the NRSP projects to address 
sediment in both the construction phase and post-development.  Mean total suspended 
solids concentration and load are predicted to be less in the post-development condition 
than in the existing condition.  Turbidity in stormwater runoff will be controlled through 
implementation of a Construction SWPPP and will be permanently reduced through the 
stabilization of erodible soils with development.  On this basis, the impact of the NRSP 
projects on sediments is considered less than significant.  

• Nutrients (Phosphorus and Nitrogen (Nitrate-N + Nitrite-N and Ammonia-N)): MS4 
Permit, Construction General Permit, Dewatering General Permit, and SUSMP-
compliant BMPs will be incorporated into the NRSP projects to address nutrients in both 
the construction phase and post-development.  Although total ammonia loads are 
predicted to increase, total nitrogen and nitrate-nitrogen plus nitrite-nitrogen 
concentrations and loads are predicted to decrease in the post-developed condition.  Total 
phosphorus loads and concentration are predicted to decrease in post-development 
conditions and concentrations are predicted to be below the minimum observed value in 
the Santa Clara River.  Nitrate-N plus nitrite-N and ammonia-N concentrations are 
predicted to decrease with development to a point well below LA Basin Plan objectives 
and below or in the low range of observed values in the Santa Clara River Reach 5.  The 
predicted nutrient concentrations are not expected to cause increased algal growth.  On 
this basis, the impact of the NRSP projects on nutrients is considered less than 
significant. 

• Trace Metals: MS4 Permit, Construction General Permit, General Dewatering Permit, 
and SUSMP-compliant BMPs will be incorporated into the NRSP projects to address 
trace metals in both the construction phase and post-development.  The trace metals 
mean loads and dissolved zinc concentration are predicted to increase with NRSP project 
development, while total aluminum, dissolved copper, and total lead concentrations are 
predicted to decrease.  Mean concentrations of dissolved copper, total lead, dissolved 
zinc, and total aluminum are below benchmark Basin Plan objectives, CTR criteria, and 
the NAWQC criterion for aluminum.  Cadmium is not expected to be present in runoff 
discharges from the NRSP projects.  On this basis, the impact of the NRSP projects on 
trace metals is considered less than significant.  
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• Chloride:  MS4 Permit, Construction General Permit, Dewatering General Permit, and 
SUSMP-compliant BMPs will be incorporated into the NRSP projects to address 
chloride in both the construction phase and post-development.  Although the chloride 
load is predicted to increase, the mean concentration of chloride is predicted to decrease 
with development and the predicted concentration is well below the LA Basin Plan 
objective and is near the low range of observed values in the Santa Clara River Reach 5.  
On this basis, the impact of the NRSP projects on chloride is considered less than 
significant.  

• Pesticides: Pesticides in runoff may or may not increase in the post-development phase 
as a result of landscape applications.  Proposed pesticide management practices, 
including source control, removal with sediments in treatment control PDFs, and 
advanced irrigation controls, in compliance with the requirements of the MS4 Permit and 
the SUSMP will minimize the presence of pesticides in runoff.  During the Construction 
phase of the NRSP projects, erosion and sediment control BMPs implemented per 
General Permit and General De-Watering Permit requirements will prevent pesticides 
associated with sediment from being discharged.  Final site stabilization will limit 
mobility of legacy pesticides that may be present in pre-development conditions.  On this 
basis, the impact of the NRSP projects on pesticides is considered less than significant. 

• Pathogens: Post-development pathogen sources include both natural and anthropogenic 
sources. The natural sources include bird and mammal excrement.  Anthropogenic 
sources include leaking septic and sewer systems and pet wastes.  The NRSP projects 
will not include septic systems and the sewer system will be designed to current 
standards which minimizes the potential for leaks.  Thus pet wastes are the primary 
source of concern.  The PDFs will include source controls and treatment controls which 
in combination should help to reduce pathogen indicator levels in post-construction 
stormwater runoff.  Pathogens are not expected to occur at elevated levels during the 
construction-phase of the NRSP projects.  On this basis, the NRSP projects’ impact on 
pathogen and pathogen indicators is considered less than significant. 

• Hydrocarbons: Hydrocarbon concentrations will likely increase in post-development 
because of vehicular emissions and leaks.  In stormwater runoff, hydrocarbons are often 
associated with soot particles that can combine with other solids in the runoff.  Such 
materials are subject to treatment in the proposed extended detention basins, bioretention 
areas, and vegetated swales.  Source control BMPs incorporated in compliance with the 
MS4 Permit and the SUSMP requirements will also minimize the presence of 
hydrocarbons in runoff.  During the construction phase of the NRSP projects, pursuant to 
the Construction General Permit, the Construction Stormwater Pollution Prevention Plan 
must include BMPs that address proper handling of petroleum products on the 
construction site, such as proper petroleum product storage and spill response practices, 
and those BMPs must effectively prevent the release of hydrocarbons to runoff per the 
Best Available Technology Economically Achievable and Best Conventional Pollutant 
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Control Technology standards. On this basis, the impact of the NRSP projects on 
hydrocarbons is considered less than significant.  

• Trash and debris: Trash and debris in runoff are likely to increase in post-development if 
left unchecked.  However, the PDFs, including source control and treatment BMPs 
incorporated in compliance with the MS4 Permit and the SUSMP requirements, will 
minimize the adverse impacts of trash and debris.  Source controls such as street 
sweeping, public education, fines for littering, covered trash receptacles, and storm drain 
stenciling are effective in reducing the amount of trash and debris that is available for 
mobilization during wet weather.  Trash and debris will be captured in catch basin inserts 
in the commercial area parking lots and in the treatment control PDFs.  During the 
construction phase of the NRSP projects, PDFs implemented per General Permit and 
General De-Watering Permit requirements will remove trash and debris through the use 
of BMPs such as catch basin inserts and by general good housekeeping practices.  Trash 
and debris are not expected to significantly impact receiving waters due to the 
implementation of the NRSP project PDFs. 

• Methylene Blue Activated Substances (MBAS):  In the post-development phase, the 
presence of soap in runoff from the project will be controlled through the source control 
PDFs, including a public education program on residential and charity car washing and 
the provision of a centralized car wash area directed to sanitary sewer in the multi-family 
residential areas.  Other sources of MBAS, such as cross connections between sanitary 
and storm sewers, are unlikely given modern sanitary sewer installation methods and 
inspection and maintenance practices.  During the construction phase of the NRSP 
projects, equipment and vehicle washing will not use soaps or any other MBAS sources.   
Therefore, MBAS are not expected to significantly impact the receiving waters of the 
NRSP projects. 

• Cyanide:  In addition to the expected relatively low level of cyanide in untreated 
stormwater, cyanide in runoff from the NRSP projects would be readily removed by 
biological uptake, degradation by microorganisms, and by volatilization in the treatment 
PDFs, especially the dry extended detention basins.  Therefore cyanide is not expected to 
significantly impact the receiving waters of the NRSP projects. 

• Bioaccumulation: In the literature, the primary pollutants that are of concern with regard 
to bioaccumulation are mercury and selenium.  However, selenium and mercury are not 
of concern in this watershed, so bioaccumulation of selenium and mercury is also not 
expected to result either during the construction or post-development project phases.  On 
this basis, the potential for bioaccumulation (in the NRSP projects’ PDFs or in the 
receiving waters) to cause adverse effects on waterfowl and other species is considered 
less than significant. 

• Construction Impacts: Construction impacts on water quality are generally caused by 
soil disturbance and subsequent suspended solids discharge.  These impacts will be 
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minimized through implementation of construction BMPs that will meet or exceed 
measures required by the Construction General Permit, as well as BMPs that control the 
other potential construction-related pollutants (i.e., PAHs, metals).  A SWPPP will be 
developed as required by, and in compliance with, the Construction General Permit and 
Los Angeles County Standard Conditions.  Erosion control BMPs, including but not 
limited to hydro-mulch, erosion control blankets, and energy dissipaters will be 
implemented to prevent erosion, whereas sediment controls, including but not limited to 
silt fence, sedimentation ponds, and secondary containment on stockpiles, will be 
implemented to trap sediment once it has been mobilized.  On this basis, the 
construction-related impact of the NRSP projects on water quality is considered less than 
significant. 

• Regulatory Requirements:  The NRSP projects satisfy MS4 Permit requirements for new 
development, including SUSMP requirements and SQMP requirements, and satisfy 
construction-related requirements of the Construction General Permit and General 
Dewatering Permit, and therefore comply with water quality regulatory requirements 
applicable to stormwater runoff. 

8.2. Groundwater Impacts 

• Groundwater Quality Impacts (Nitrate-N+Nitrite-N): MS4 Permit, Construction General 
Permit, Dewatering General Permit, and SUSMP-compliant BMPs will be incorporated 
into the NRSP projects to address nutrients in both the construction phase and post-
development.  Nitrate-nitrogen plus nitrite-nitrogen concentrations are predicted to 
decrease in the post-developed condition.  The predicted nitrate-nitrogen plus nitrite-
nitrogen concentration in stormwater runoff after treatment in the projects’ PDFs and in 
irrigation water is well below the groundwater quality objective. On this basis, the 
potential for adversely affecting groundwater quality is considered less than significant.  

• Groundwater Recharge Impacts:  Project stormwater runoff will be discharged directly 
or indirectly to the Santa Clara River after treatment, whose channel is predominantly 
natural and consists of vegetation and coarse-grained sediments (rather than concrete).  
The porous nature of the sands and gravels forming the streambed will allow for 
significant infiltration to occur to the underlying groundwater.  Also, irrigation water is 
predicted to be fully infiltrated during dry weather, which will increase groundwater 
recharge from the NRSP projects.  On this basis, the NRSP projects’ impact on 
groundwater recharge is considered less than significant. 

8.3. Hydromodification Impacts 

The following are the conclusions regarding the significance of impacts for hydromodification 
impacts under wet- and dry weather conditions:  

• Wet Weather Project Impacts: Although NRSP projects’ runoff volumes, flow rates, and 
durations will increase, potential impacts of hydromodification (i.e., the potential to 
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cause erosion, siltation, or channel instability) will be avoided, minimized, and mitigated 
by the Project PDFs in the following ways:  

o Project low impact/site design and on-site treatment and flow duration control 
PDFs, especially open space retention, routing of impervious area runoff to 
vegetated areas, efficient irrigation, bioretention areas, and flow duration control 
basins will avoid and/or minimize increases in runoff volume from the 
development area, the preferred method for controlling hydromodification 
impacts from new development (SCCWRP, 2005a). 

o Concentrated flows will be mitigated with energy dissipaters at the discharge 
points to the Santa Clara River and to the Tributaries.  The Santa Clara River and 
Tributary banks will be protected primarily with vegetated buried bank 
stabilization in non-jurisdictional upland areas adjacent to the river.  This type of 
biostabilization technique is the preferred approach for bank stabilization 
(SCCWRP, 2005a).  In the Tributaries, geomorphic principles will be used in 
combination with on-site controls to design stable stream channels given the 
expected hydrologic and sediment regimes of each tributary.  A minimum of hard, 
engineered structural elements will be used within the stream channel so that a 
natural appearance will be preserved while the new stream channel form can 
remain stable.   

o Hydromodification control PDFs, including a combination of on-site controls 
and/or in-stream controls designed to meet the performance standard set forth in 
this Report and by reference to the framework set forth in Appendix G, will 
protect the Santa Clara River and Tributaries from excessive erosion and 
degradation by discharges from the NSRP projects.   

For these reasons, direct hydromodification impacts of the NRSP projects on the Santa 
Clara River and Tributaries are considered less than significant. 

• Cumulative Wet Weather Impacts: The NRSP projects contribute only five percent of 
total potential impervious surface at build out within the watershed, the NRSP projects 
include hydromodification controls as Project Design Features, the NRSP projects will 
be conditioned to include Project Design Features to meet the performance standard 
established in this Report to protect the Tributaries from hydromodification impacts, 
future development projects within the watershed will control flow in compliance with 
the regional program, and large-scale changes naturally occur in the Santa Clara River in 
response to major episodic events, therefore, the NRSP projects’ contribution to 
cumulative hydromodification impacts to the Santa Clara River and the Tributaries will 
be less than significant and consistent with the requirements of the MS4 permit. 

• Dry Weather Hydromodification Impacts:  It is predicted that all dry weather flows will 
be removed in the treatment control PDFs, which also provide hydrologic source control.  
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As a result, no appreciable change in seasonality of flows is anticipated to result from 
development.  Based on the comprehensive site planning, source control, and treatment 
control strategy and that no dry weather flows are predicted to be discharges to the Santa 
Clara River or Tributaries, the impact of the NRSP projects on dry weather water quality 
and seasonality of flow in the River and Tributaries is considered less than significant. 
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A-1 

POLLUTANTS OF CONCERN 
 
A.1. Pollutants of Concern 
 
Pollutant of 
Concern (1) Rationale for Selection / Exclusion Significance Criteria 
Sediment:  Total 
Suspended 
Solids (TSS) & 
Turbidity 

1. Sediment is a common component of 
stormwater, and can be a pollutant. 
Sediment can be detrimental to aquatic 
life (primary producers, benthic 
invertebrates, and fish) by interfering 
with photosynthesis, respiration, growth, 
reproduction, and oxygen exchange in 
water bodies. Sediment can transport 
other pollutants that are attached to it 
including nutrients, trace metals, and 
hydrocarbons. Sediment is the primary 
component of total suspended solids 
(TSS), a common water quality analytical 
parameter (CASQA, 2003). 

2. Turbidity is a measure of suspended 
matter that interferes with the passage of 
light through the water or in which visual 
depth is restricted. Turbidity may be 
caused by a wide variety of suspended 
materials, which range in size from 
colloidal to coarse dispersions, depending 
upon the degree of turbulence. In lakes or 
other waters existing under relatively 
quiescent conditions, most of the 
turbidity will be due to colloidal and 
extremely fine dispersions. In rivers 
under flood conditions, most of the 
turbidity will be due to relatively coarse 
dispersions. Erosion of clay and silt soils 
may contribute to in-stream turbidity. 
Organic materials reaching rivers serve as 
food for bacteria, and the resulting 
bacterial growth and other 
microorganisms that feed upon the 
bacteria produce additional turbidity. 
Nutrients in runoff may stimulate the 
growth of algae, which may also 
contribute to turbidity. Discharges of 
turbid runoff are primarily of concern 
during the construction phase of 
development. 

 

1. Narrative objective in the Basin 
Plan: “Water shall not contain 
suspended or settleable material in 
concentrations that cause nuisance 
or adversely affect beneficial uses.” 

2. Basin Plan objective for turbidity:  
“Waters shall be free of changes in 
turbidity that cause nuisance or 
adversely affect beneficial uses.  
Increases in natural turbidity 
attributable to controllable water 
quality factors shall not exceed the 
following limits: 

Natural Turbidity Max Increase 
0-50 NTU 20% 
> 50 NTU 10% 
 
Allowable zones of dilution within 
which higher concentrations may 
be tolerated may be defined for 
each discharge in specific Water 
Discharge Requirements.” 
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Pollutant of 
Concern (1) Rationale for Selection / Exclusion Significance Criteria 
Nutrients: 
Ammonia, 
Nitrite, Nitrate, 
Total Nitrogen, 
and Total 
Phosphorus 

1. Nutrients including nitrogen and 
phosphorus are the major plant nutrients 
used for fertilizing landscapes, and are 
often found in stormwater. These 
nutrients can result in excessive or 
accelerated growth of vegetation, such as 
algae, resulting in impaired use of water 
in lakes and other sources of water 
supply. For example, nutrients have led to 
a loss of water clarity in Lake Tahoe. In 
addition, un-ionized ammonia (one of the 
nitrogen forms) can be toxic to fish 
(CASQA, 2003). 

1. Basin Plan standards for ammonia: “In 
order to protect aquatic life, ammonia 
concentrations in receiving waters 
shall not exceed the values listed for 
the corresponding in-stream conditions 
in Tables 3-1 to 3-4.”  The criterion for 
ammonia in Tables 3-1 to 3-4 varies 
with pH and temperature; the criterion 
is lower for lower pH and temperature. 
The basin plan amendment for updated 
ammonia standards (dated 04/02, 
effective July 15, 2003) will be used. 

2. Basin Plan surface water standards for 
nitrogen: “Waters shall not exceed 10 
mg/L nitrogen as nitrate-nitrogen plus 
nitrite-nitrogen (NO3-N + NO2-N), 45 
mg/L as nitrate (NO3), 10 mg/L as 
nitrate-nitrogen (NO3-N), or 1 mg/L as 
nitrite-nitrogen (NO2-N) or as 
otherwise designated in Table 3-8.”    
Table 3-8 lists Santa Clara River 
Reach 5 with a water quality objective 
of 5 mg/L nitrate-N + nitrite-N.    

3. Basin Plan groundwater standards for 
nitrogen: “Ground waters shall not 
exceed 10 mg/L nitrogen as nitrate-
nitrogen plus nitrite-nitrogen (NO3-N + 
NO2-N), 45 mg/L as nitrate (NO3), 10 
mg/L as nitrate-nitrogen (NO3-N), or 1 
mg/L as nitrite-nitrogen (NO2-N).”  

4. Resolution 03-011 (LARWQCB, 
08/2003) promulgates Nitrogen 
Compounds TMDLs for Santa Clara 
River Reach 5. The numeric target for 
NO3-N + NO2-N in the Nitrogen 
Compounds TMDL was based on 
achieving the existing water quality 
objective of 5 mg/L NO3-N + NO2-N.  
The numeric target that was used to 
calculate the wasteload allocations 
included a 10% margin of safety; thus 
the numeric target is 4.5 mg/L NO3-N 
+ NO2-N (30-day average).   
 

The water quality objectives for 
ammonia in Reach 5 used in the 



APPENDIX A 
 

A-3 

Pollutant of 
Concern (1) Rationale for Selection / Exclusion Significance Criteria 

Nitrogen Compounds TMDL are: 
TMDL Ammonia Water Quality Objective 

(mg/L as N) 
 1-hr  30-day 
 average      average 

Reach 5  
at County Line    3.4            1.2 
Reach 5  
below Valencia   5.5            2.0 
Reach 5  
above Valencia   4.8            2.0 

 
5. Narrative objective for biostimulatory 

substances in the Basin Plan: “Waters 
shall not contain biostimulatory 
substances in concentrations that 
promote algal growth to the extent that 
such growth causes nuisance or 
adversely affects beneficial uses.” 

Trace metals: 
Aluminum, 
Copper, Lead, 
and Zinc 

1. Trace metals are commonly found in 
stormwater. Many of the artificial 
surfaces of the urban environment (e.g., 
galvanized metal, paint, automobiles, or 
preserved wood) contain metals, which 
enter stormwater as the surfaces corrode, 
flake, dissolve, decay, or leach. Over half 
the trace metal load carried in stormwater 
is associated with sediments. Metals are 
of concern because they can be toxic to 
aquatic organisms, can bioaccumulate 
(accumulate to toxic levels in aquatic 
animals such as fish), and have the 
potential to contaminate drinking water 
supplies (CASQA, 2003). 

2. Aluminum has been identified by the 
DPW as a constituent of concern for the 
Santa Clara River based on monitoring 
conducted at mass emission station S29 
(LACDPW, 2005). 

1. Narrative objective in the Basin Plan: 
“All waters shall be maintained free of 
toxic substances in concentrations that 
are toxic to, or that produce 
detrimental physiological responses in 
human, plant, animal, or aquatic life.  
…” 

2. The CTR criteria are the applicable 
water quality objectives for protection 
of aquatic life (40 CFR §131.38).  The 
CTR criteria are expressed for acute 
and chronic (4-day average) 
conditions; however, only acute 
conditions are applicable for 
stormwater discharges because the 
duration of stormwater discharge is 
typically less than 4 days in the NRSP 
subregion.   

3. CTR criteria are determined on the 
basis of hardness in the receiving 
water.  In application of criteria to the 
NRSP sub-regional projects, a 
hardness value of 250 mg/L based on 
the minimum observed value at USGS 
monitoring station will be used.  
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Pollutant of 
Concern (1) Rationale for Selection / Exclusion Significance Criteria 

4. CTR criteria at 250 mg/L hardness are 
as follows: 

a. Dissolved copper – 32 µg/L. 
b. Total lead – 260 µg/L. 
c. Dissolved zinc – 250 µg/L. 

5. The CTR does not include aluminum. 
The NAWQC contains an acute 
criterion for acid soluble aluminum 
(750 µg/L for a pH range of 6.5 to 9.0).  

Chloride 1. Resolution No. R03-008, Amendment to 
the Water Quality Control Plan (Basin 
Plan) for the Los Angeles Region to 
Incorporate a Total Maximum Daily Load 
for Chloride in the Upper Santa Clara 
River (07/03) states: Elevated chloride 
concentrations are causing impairments 
of the water quality objective in Reach 5 
and Reach 6 of the Santa Clara River. 
This objective was set to protect all 
beneficial uses; agricultural beneficial 
uses have been determined to be most 
sensitive, and not currently attained at the 
downstream end of Reach 5 and Reach 6  
in the Upper Santa Clara River. Irrigation 
of salt sensitive crops such as avocados 
and strawberries with water containing 
elevated levels of chloride results in 
reduced crop yields. Chloride levels in 
groundwater are also rising. 

1. The Basin Plan chloride objective for 
Reach 5 of the Santa Clara River is 
100 mg/L. 

2. The TMDL wasteload allocation for 
MS4 discharges into Santa Clara River 
Reach 5 is 100 mg/L. 
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Pollutant of 
Concern (1) Rationale for Selection / Exclusion Significance Criteria 
Pathogens 
(Bacteria, 
Viruses, and 
Protozoa) 

1. Bacteria and viruses are common 
contaminants of stormwater.  For separate 
storm drain systems, sources of these 
contaminants include animal excrement 
and sanitary sewer overflow. High levels 
of indicator bacteria in stormwater have 
led to the closure of beaches, lakes, and 
rivers to contact recreation such as 
swimming (CASQA, 2003). 

2. Fecal and total coliform are  frequently 
monitored indicator organisms of 
pathogens.   

3. Human-related activities can increase 
coliform concentrations.  

4. Concentrations of coliform in stormwater 
also can be elevated due to the presence 
of coliform bacteria from natural sources. 

1. Basin Plan objectives are based on the 
designated uses of the water body.  
Santa Clara River Reach 5 is listed 
with a REC1 beneficial use. Resolution 
No. 01-018 (LARWQCB, 2001) 
amended the Basin Plan objectives for 
bacteria in waters with a contact 
recreation beneficial use.  These 
standards for freshwaters are 

         Geometric Mean  Single Sample           

E. coli   ≤ 126/100 mL   ≤ 235/100 mL           

fecal      ≤ 200/100 mL  ≤ 400/100 mL            
coliform  

Petroleum 
Hydrocarbons: 
Oil & Grease 
and Polycyclic 
Aromatic 
Hydrocarbons 
(PAHs)  

1. Oil and grease includes a wide array of 
hydrocarbon compounds, some of which 
are toxic to aquatic organisms at low 
concentrations. Sources of oil and grease 
include leakage, spills, cleaning and 
sloughing associated with vehicle and 
equipment engines and suspensions, 
leaking and breaks in hydraulic systems, 
restaurants, and waste oil disposal 
(CASQA, 2003). 

2. Hydrocarbons are hydrophobic (low 
solubility in water), have the potential to 
volatilize, and most forms are 
biodegradable.  A subset of 
hydrocarbons, Polynuclear Aromatic 
Hydrocarbons (PAHs) can be toxic 
depending on the concentration levels, 
exposure history, and sensitivity of the 
receptor organisms. Of particular concern 
are those PAH compounds associated 
with transportation-related sources. 

3. Petroleum hydrocarbons are ubiquitous, 
and used in a wide variety of 
applications.  Potential sources are 
generally expected to increase with urban 
development and potentially during 
construction of the Project. 

1. Narrative objective in the Basin Plan 
for oil & grease: “Waters shall not 
contain oils, greases, waxes, or other 
materials in concentrations that result 
in a visible film or coating on the 
surface of the water or on objects in 
the water, that cause nuisance or that 
otherwise adversely affect beneficial 
uses.” 

2. PAHs are a class of compounds.  CTR 
values for individual PAHs are 
available for protection of human 
health only.  There are no regulatory 
standards for PAHs for the protection 
of aquatic health. 
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Pollutant of 
Concern (1) Rationale for Selection / Exclusion Significance Criteria 
Pesticides 1. Pesticides (including herbicides, 

fungicides, rodenticides, and insecticides) 
have been repeatedly detected in 
stormwater at toxic levels, even when 
pesticides have been applied in 
accordance with label instructions. As 
pesticide use has increased, so too have 
concerns about adverse effects of 
pesticides on the environment and human 
health. Accumulation of these compounds 
in simple aquatic organisms, such as 
plankton, provides an avenue for 
biomagnification through the food web, 
potentially resulting in elevated levels of 
toxins in organisms that feed on them, 
such as fish and birds (CASQA, 2003). 

2. Pesticides loads may be present in runoff 
from developed areas due to pesticide use 
for urban landscaping.  

1. Narrative objective in the Basin Plan: 
“Waters designated for use as domestic 
or municipal supply (MUN) shall not 
contain concentrations of pesticides in 
excess of the limiting concentrations 
specified in … Title 22 of the 
California Code of Regulations ….”  
Title 22 contains maximum 
contaminant levels for a range of 
pesticides. 

2. CTR lists numeric objectives for some, 
but not all pesticides. There are no 
CTR criteria for diazinon and 
chlorpyrifos, but these pesticides, 
along with other toxic legacy 
pesticides such as Chlordane, Dieldrin, 
DDT, and Toxaphene, are now banned 
from most residential uses. 
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Pollutant of 
Concern (1) Rationale for Selection / Exclusion Significance Criteria 
Trash and 
Debris 

1. Gross Pollutants (trash, debris, and 
floatables) may include heavy metals, 
pesticides, and bacteria in stormwater. 
Typically resulting from an urban 
environment, industrial sites and 
construction sites, trash and floatables 
may create an aesthetic “eye sore” in 
waterways. Gross pollutants also include 
plant debris (such as leaves and lawn-
clippings from landscape maintenance), 
animal excrement, street litter, and other 
organic matter. Such substances may 
harbor bacteria, viruses, vectors, and 
depress the dissolved oxygen levels in 
streams, lakes, and estuaries sometimes 
causing fish kills (CASQA, 2003). 

2. During the construction phase, there is 
potential for an increase in trash and 
debris loads due to lack of proper 
contractor good housekeeping practices at 
the construction site. 

1. Basin Plan narrative floating material 
objective: “Waters shall not contain 
floating materials, including solids, 
liquids, foams, and scum, in 
concentrations that cause a nuisance or 
adversely affect beneficial uses.” 

2. Basin Plan narrative settleable 
materials objective: "Waters shall not 
contain suspended or settleable 
material in concentrations that cause 
nuisance or adversely affect beneficial 
uses." 

3. Basin Plan narrative Biochemical 
Oxygen Demand (BOD5) objective: 
"Waters shall be free of substances that 
result in increases in the BOD which 
adversely affect beneficial uses." 

4. Basin Plan objectives for dissolved 
oxygen (DO): "At a minimum (see 
specifics below), the mean annual 
dissolved oxygen concentration of all 
waters shall be greater than 7 mg/L, 
and no single determination shall be 
less than 5.0 mg/L, except when 
natural conditions cause lesser 
concentrations. 

The dissolved oxygen concentration of 
all surface waters designated as 
WARM shall not be depressed below 5 
mg/L as a result of waste discharges." 

MBAS 
(Methylene blue 
activated 
substances) 

1. MBAS are related to the presence of 
detergents in water. Positive results may 
indicate the presence of wastewater or be 
associated with urban runoff due to 
commercial and/or residential vehicle 
washing or other outdoor washing 
activities. Surfactants disturb the surface 
tension which affects insects and can 
affect gills in aquatic life. 

1. Basin Plan objective for MBAS: 
“Waters shall not have MBAS 
concentrations greater than 0.5 mg/L in 
water designated (MUN).” 

Cyanide 1. Cyanide has been identified by the Los 
Angeles County Department of Public 
Works as a constituent of concern for the 
Santa Clara River based on monitoring 
conducted at mass emission Station S29 

1. The CTR criteria are the applicable 
water quality objectives for protection 
of aquatic life (40 CFR 131.38). The 
CTR criteria are expressed for acute 
and chronic (4-day average) 
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Pollutant of 
Concern (1) Rationale for Selection / Exclusion Significance Criteria 

(LACDPW, 2005).  Cyanide is used in 
electroplating, metallurgy, and gold 
mining. It is also used to make synthetic 
fibers, plastics, dyes, pharmaceuticals, 
and pesticides, including fumigants. In 
addition, cyanide serves as a chemical 
intermediate in various production 
processes. Natural cyanides are produced 
by certain bacteria, fungi, and algae, and 
they are present in a number of plants and 
foods as cyanogenic glycosides. Man-
made cyanides typically enter the 
environment from metal finishing and 
organic chemical industries. Other 
sources include iron and steel works, 
municipal waste burning, cyanide-
containing pesticides, road deicers, and 
vehicle exhaust. 

conditions; however, only acute 
conditions are applicable for 
stormwater discharges because the 
duration of stormwater discharge is 
typically less than 4 days in the Project 
area.  CTR freshwater aquatic life 
protection acute criteria is 22 µg/L. 

Bioaccumulation  1. Some pollutants of concern in stormwater 
runoff, such as metals or pesticides, have 
the potential to bioaccumulate in aquatic 
organisms potentially affecting the health 
of those organism or other species higher 
up the food chain.   

1. Although bioaccumulation is not a 
pollutant, it is a condition of concern.  
The Basin Plan objective for 
bioaccumulation is: “Toxic pollutants 
shall not be present at levels that would 
bioaccumulate in aquatic life to levels 
which are harmful to aquatic life or 
human health.” 

Oxygen, 
Dissolved & 
BOD 
(Biochemical 
oxygen demand) 

1. Adequate DO levels are required to 
support aquatic life.  Depressed levels 
may lead to anaerobic conditions.  

2. BOD can result in decreased dissolved 
oxygen levels affecting beneficial uses 
such as habitat designations. 

3. DO & BOD are correlated to nutrients 
and other organic compounds and are 
subsumed by those categories. 

1. Basin Plan objective for dissolved 
oxygen: “The dissolved oxygen 
content of all surface waters designated 
as WARM shall not be depressed 
below 5 mg/L as a result of waste 
discharges.” 

2. Basin Plan objective for BOD: “Waters 
shall be free of substances that result in 
increases in the BOD which adversely 
affect beneficial uses.” 
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Pollutant of 
Concern (1) Rationale for Selection / Exclusion Significance Criteria 
Biostimulatory 
substances 

1. Biostimulatory substances include excess 
nutrients and other compounds that 
stimulate aquatic growth resulting in 
impaired aesthetics and water quality 
impairments such as lowered dissolved 
oxygen values. 

2. Biostimulatory substances are correlated 
to nutrients and other organic compounds 
and are subsumed by those categories. 

1. Basin Plan objectives for 
biostimulatory substances: “Waters 
shall not contain biostimulatory 
substances in concentrations that 
promote aquatic growth to the extent 
that such growth causes nuisance of 
adversely affects beneficial uses.” 

Chemical 
Pollutants 

3. Chemical pollutants in excessive amounts 
in drinking water are harmful to human 
health. 

4. The chemical pollutants referenced under 
this water quality objective, such as trace 
metals and nitrate, are either subsumed by 
the categories above, or are not found in 
urban runoff (e.g., fluoride). 

2. Basin Plan objectives for chemical 
Pollutants: “Surface waters shall not 
contain concentrations of chemical 
Pollutants in amounts that adversely 
affect any designated beneficial use.” 

Temperature 1. Elevated temperatures are typically 
associated with discharges of process 
wastewaters or non-contact cooling 
waters.  Increase in temperature can result 
in lower dissolved oxygen levels 
impairing habitat and other beneficial 
uses of receiving waters.  Stormwater 
runoff from the Project site is expected to 
cool somewhat during treatment in 
structural BMPs and will be diluted in the 
receiving water.  As the beneficial uses in 
the receiving waters for the Project 
include warm freshwater habitat to 
support warm water ecosystems, any 
increase in temperature resulting from 
stormwater runoff from the project is 
expected to be less than significant. 

1. Basin Plan objectives for temperature: 
“For waters designated WARM, water 
temperature shall not be altered by 
more than 5 ºF above the natural 
temperature.  At no time shall these 
WARM-designated waters be raised 
above 80 ºF as a result of waste 
discharges”. 
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Pollutant of 
Concern (1) Rationale for Selection / Exclusion Significance Criteria 
Total Residual 
Chlorine 

1. Municipal pools and private pools in 
areas served by a municipal sanitary 
system are required to be discharged into 
the sanitary system.  Chlorine 
disinfection will not take place on the 
project site and there will not be any 
sources of elemental chlorine.  Chloride 
sources (e.g. fertilizers or other 
compounds with salts) are evaluated 
separately.  Therefore, total residual 
chlorine will not be present in runoff 
from the project. 

1. Basin Plan objectives for total residual 
chlorine:  “Chlorine residual shall not 
be present in surface water discharges 
at concentrations that exceed 0.1 mg/L 
and shall not persist in receiving 
waters at any concentration that causes 
impairment for beneficial uses”. 

Color, Taste, 
and Odor 

1. Undesirable tastes and odors in water 
may be a nuisance and may indicate the 
presence of a pollutant(s).  Odor 
associated with water can result from 
decomposition of organic matter or the 
reduction of inorganic compounds, such 
as sulfate.  Other potential sources of 
odor causing substances, such as 
industrial processes, will not occur as part 
of the project.  Color in water may arise 
naturally, such as from minerals, plant 
matter, or algae, or may be caused by 
industrial pollutants. 

2. The Project will contain no heavy 
industrial uses.  Commercial areas of the 
project are not expected to be a 
significant source of pollutants that might 
impart color or odor to stormwater flows 
from the Project area.  Source controls 
are expected to reduce the amount of 
plant material and BMPs will reduce 
sediment which could contribute to color 
or odor nuisances.  Therefore, color-, 
taste-, or odor-producing substances are 
not pollutants of concern for the project. 

1. Basin Plan objective for color:  
“Waters shall be free of coloration that 
causes nuisance or adversely affects 
beneficial uses”. 

2. Basin Plan objectives for taste and 
odor:  “Ground waters shall not 
contain taste or odor-producing 
substances in concentration that cause 
nuisance or adversely affect beneficial 
uses”. 



APPENDIX A 
 

A-11 

Pollutant of 
Concern (1) Rationale for Selection / Exclusion Significance Criteria 
Exotic 
Vegetation 

1. Exotic vegetation typically provides little 
habitat value and can out compete native 
vegetation that is more suitable habitat 
for aquatic and terrestrial organisms. 

2. The landscape management plan will not 
use exotic vegetation, and undesirable 
invasive vegetation will be eradicated to 
the extent possible.  Therefore, exotic 
vegetation is not a pollutant of concern 
for the Project. 

1. Basin Plan objective for exotic 
vegetation: “Exotic vegetation shall 
not be introduced around stream 
courses to the extent that such growth 
causes nuisance or adversely affects 
designated beneficial uses.” 

Mineral Quality 
(TDS, Boron, 
Sulfate, Sodium 
Absorption 
Ratio - SAR) 

1. LADPW stormwater monitoring data 
arithmetic mean concentrations for TDS, 
sulfate, and boron for urban land uses are 
below the water quality objectives for 
minerals.  Calculated SAR values are 0.6 
for SF residential and 1.9 for commercial 
based on LADPW data. The minerals 
listed in the Basin Plan, except chloride 
and nitrogen, are not believed to be 
pollutants of concern due to the absence 
of river impairments and /or anticipated 
runoff concentrations below the Basin 
Plan objectives 

1. Basin Plan objectives for minerals: 

                           Reach 5                           
TDS (mg/L)         1000                                
Sulfate (mg/L)     400                            
Boron (mg/L)       1.5                                   
SAR (mg/L)         10 

         

pH 1. Mean runoff concentrations in the Los 
Angeles County stormwater monitoring 
data ranged from 6.5 for mixed- and 
single-family residential land uses to 7.0 
for commercial land use.  Therefore, pH 
in the Santa Clara River is not expected 
to be affected by runoff discharges from 
the project. 

1. Basin Plan objective for pH: “the pH 
of inland waters shall not be depressed 
below 6.5 or raised above 8.5 as a 
result of waste discharges.  Ambient 
pH levels shall not be changed more 
than 0.5 units from natural conditions 
as a result of waste discharge.” 
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Pollutant of 
Concern (1) Rationale for Selection / Exclusion Significance Criteria 
PCBs 1. PCBs are highly toxic persistent 

chemicals that have been historically 
released into the environment from 
industrial uses, such as transformers.  
Due to their persistence, PCBs can still be 
detected in urban runoff due to historic 
industrial sources of these chemicals.   

2. The project area did not historically 
include PCB-producing land uses and 
industrial land uses are not included in 
the proposed project.  Therefore, PCBs 
are not a pollutant of concern for the 
project. 

1. Basin Plan narrative regarding PCBs: 
“The purposeful discharge of PCBs to 
waters of the Region, or at locations 
where the waste can subsequently 
reach waters of the Region, is 
prohibited.  Pass-through or 
uncontrollable discharges to waters of 
the Region, or at locations where the 
waste can subsequently reach waters of 
the Region, are limited to 70 pg/L (30 
day average) for protection of human 
health and 14 ng/L and 30 ng/L (daily 
average) to protect aquatic life in 
inland fresh waters and estuarine 
waters respectively”. 

Radioactive 
Substances 

1. Some activities such as mining or 
industrial activities can increase the 
amount of radioactive substances 
impairing beneficial uses.   

2. The project will not have industrial or 
other activities that would be a source of 
any radioactive substances, and 
development will stabilize any naturally 
radioactive soils, though unlikely to be 
present in the project area.  Therefore, 
radioactive substances are not a pollutant 
of concern for the project. 

1. Basin Plan narrative objective for 
radioactive substances: “Radionuclides 
shall not be present in concentrations 
that are deleterious to human, plant, 
animal, or aquatic life or that result in 
the accumulation of radionuclides in 
the food web to an extent that presents 
a hazard to human, plant, animal, or 
aquatic life”. 

1. The pollutants of concern for the water quality analysis are those that are anticipated or potentially could be 
generated by the project at concentrations, based on water quality data collected in Los Angeles County from land 
uses that are the same as those included in the NRSP, that current loadings or historic deposits of the pollutant are 
impacting the beneficial uses of a receiving water, elevated levels of the pollutant are found in sediments of a 
receiving water and/or have the potential to bioaccumulate in organisms therein, or the detectable inputs of the 
pollutant are at concentrations or loads considered potentially toxic to humans and/or flora and fauna.   
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1. WATER QUALITY MODEL METHODOLOGY 

1.1. Model Description 

1.1.1. Model Overview 
The model used to assess stormwater quality impacts associated with the proposed Newhall 
Ranch Specific Plan is an empirical, volume-based pollutant loads model.  This type of loadings 
model is generally applicable in the planning and evaluation stages of a project.  The model was 
developed to assess the potential impact of development on water quality and to evaluate the 
effectiveness of the structural Best Management Practices (BMPs) that will treat storm water 
runoff as part of the project storm water treatment system.  Two project conditions were 
evaluated with the water quality model: 
 

1. Pre-development 
2. Post-development with treatment BMPs 

 
Measured runoff volumes and water quality characteristics of storm water are highly variable.  
To account for this variability, a statistical modeling approach was used to estimate the volume 
of storm water, the concentration of pollutants in storm water, and the overall pollutant load 
(total mass of pollutants) in storm water runoff.  A statistical description of storm water provides 
an indication of the average characteristics and variability of the water quality parameters of 
storm water.  It does not forecast runoff characteristics for specific storms or monitoring periods. 
 
The statistical model is based on relatively simple rainfall/runoff relationships and estimated 
concentrations in storm water runoff.  The volume of storm water runoff is estimated using a 
modification to the Rational Formula, an empirical expression that relates runoff volume to the 
rainfall depth and the basin characteristics such as imperviousness, and soils infiltration 
characteristics.  The pollutant concentration in storm water runoff is represented by an expected 
average pollutant concentration, called the event mean concentrations (EMC).  The EMCs are 
estimated from available monitoring data and are strongly dependent on the land-use type.   
 
The flow chart in Figure 1-1 provides an overview of the modeling methodology. 
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Figure 1-1: Overview of Water Quality Analysis Methodology 
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The model does not incorporate the detailed hydraulics or hydrology of the site, which would be 
more appropriate for design stages and requires additional data and more sophisticated modeling.  
The model includes water quality benefits achieved by structural BMPs but not source control 
BMPs because data is generally not available or conclusive for the latter.  Model results are 
presented for average annual runoff volumes, pollutant loads, and pollutant concentrations.  
 
As with all environmental modeling, the precision of results is heavily dependent on how well 
the hydrologic, water quality and BMP effectiveness data describe the actual site characteristics.  
Local and regional data are used to the fullest extent possible to help minimize errors in 
predictions, but such data are limited and traditional calibration and verification of the model is 
not feasible.  It is important to note that the predictions of relative differences should be more 
accurate than absolute values.   

1.1.2. Model Assumptions 
The water quality modeling methodology requires that some assumptions are made for both the 
model input parameters and the way the modeling calculations are carried out. Section 1.2.6 
discusses the assumptions that were made in specifying the model parameters and Section 1.3.4 
discusses the assumptions regarding the modeling approach.  Section 1.4 discusses model 
accuracy.  

1.2. Model Input Parameters 

Many parameters that can affect pollutant loads and concentrations vary spatially and may not be 
adequately represented by stormwater monitoring data collected at discrete locations.  Examples 
include source concentrations, topography, soil type, and rainfall characteristics all of which can 
influence the buildup and mobilization of pollutants.  The following model parameters represent 
the best data currently available for representation of existing and developed site conditions in 
the water quality model. 

1.2.1. Storm Events 
Rainfall analysis was conducted with data from the National Climatic Data Center (NCDC) 
Newhall rain gauge (station number 046162), located in the town of Newhall, California.  Figure 
1-2 shows the location of the Newhall gauge in relation to the Newhall Ranch Project area.  This 
gauge is located approximately 7 miles from the project.  The gauge elevation of 1,243 ft above 
mean sea level (AMSL) is comparable to the Project area elevation of approximately 1,000-
1,500 ft AMSL.  
 
While the period of record rainfall data collected at the Newhall rain gauge is quite long (35 
years), there are still some gaps in the record.  In order to improve the characterization of rainfall 
at the project site, estimates of the missing rainfall data were made through correlation of the 
Newhall rain gauge with the San Fernando rain gauge (NCDC station number 047762) which is 
located approximately 5 miles away (south and slightly east).   
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The Castaic Junction gauge monitored by LADPW is located closer to the Project; however the 
usable period of record at this gauge is limited to approximately 12 years which is considered too 
short to produce significant results in long-term simulation. 
 

NCDC Newhall 
Rain Gage 

Newhall Ranch 
Project Location 

 
Figure 1-2: Location of Newhall Rain Gauge in the Vicinity of the Project Area 

 
First a comparison of daily rainfall totals was made from the available data to assess the 
similarity in rainfall amounts between the two stations.  Daily data from 1969 to 2003 was 
screened to keep only the 24-hour totals with measured rainfall at both stations, which eliminated 
missing data at either station.  Correlation of the 24-hour rainfall totals is shown in Figure 1-3.  
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Figure 1-3: Correlation of 24-hour Totals between Newhall & San Fernando Gauges 

 
The correlation is reasonably strong considering that the comparison is between the daily 
accumulations, i.e. a storm could result in appreciable rainfall at one gauge and little rainfall at 
the other.  This comparison indicates that daily precipitation depths are similar between the two 
gauges.  Another comparison was made using only months with a complete rainfall record and 
measured rainfall at both stations (Figure 1-4).  This monthly correlation was much stronger due 
to the longer comparison period, and indicated slightly higher rainfall amounts at the Newhall 
gauge compared to the San Fernando gauge. 
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Figure 1-4: Correlation of Monthly Totals Newhall & San Fernando Gauges 
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Based on the relationship developed through the monthly comparison, a multiplier of 1.025 was 
applied to the hourly rainfall data from the San Fernando gauge to fill in the missing periods of 
rainfall data at the Newhall gauge.  Values were rounded to the nearest 1/100 inch after the 
adjustment. 
 
Rainfall analysis was conducted for all storm events and for the storms that are expected to 
contribute to stormwater runoff (storms >0.1 inches).  The rainfall data were analyzed using a 
code similar in performance to EPA’s Synoptic Rainfall Analysis Program (SYNOP).  The 
customized code (GeoSYNOP) was used as it facilitates filling in missing periods of data and is 
more robust when handling the date and time of storms.  GeoSYNOP subdivides the rainfall 
record into discrete events separated by a dry inter-event period, which in this case was set to a 
minimum of 6 hours. Small rainfall events whose depth was less than or equal to 0.10 inches 
were deleted from the record as such events tend to produce little if any runoff (USEPA, 1989; 
Schueler, 1987).  For the Newhall gauge, a total of 538 storm events (>0.1 inches) were 
segregated from the continuous data.  Storm statistics for the full (all the storms) and the 
trimmed (storms > 0.1 inch) data sets are shown in Table 1-1. 
 

Table 1-1: Analysis Results for the Actual and Filled Newhall Rainfall Data 

Newhall Gauge 1969 – 2003 Original Record Augmented Record1 
Storms 

Total Missing Records (days): 427 52 

Average annual rainfall (in): 17.4 18.8 

Total number of storms: 840 890 

Average number of storms per year: 24.0 25.4 

Average storm volume (in): 0.72 0.74 

Average storm duration (hrs): 6.87 7.35 A
ll 

St
or

m
s 

Average storm intensity (in/hr): 0.103 0.101 

Average annual rainfall (in): 16.2 17.9 

Total number of storms: 493 538 

Average number of storms per year: 14.1 15.4 

Average storm volume (in): 1.15 1.16 

Average storm duration (hrs): 11.0 11.5 St
or

m
s >

0.
1 

in
ch

 

Average storm intensity (in/hr): 0.107 0.105 
1 Augmented record includes adjusted data from San Fernando gauge to fill gaps in Newhall gauge record.  

1.2.2. Runoff Coefficients 
One of the most variable parameters is the runoff coefficient, which is a function of the percent 
impervious and many other catchment parameters to lesser degrees.  Novotny and Olem (1994), 
when discussing the Rational Formula, state “...the runoff coefficient is the most important task 
of the entire calculation.”  The following describes how the runoff coefficients were estimated in 
the model. 
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1.2.2.1. SWMM Runoff Coefficient Modeling Parameters 

The Water Quality model uses a linear equation to estimate a runoff coefficient for sub-basins as 
a function of the percent impervious.  The format of this equation is described as: 

Runoff Coefficient = Slope × % Impervious + Intercept 

The appropriate slope and intercept to define the runoff coefficient equation may be taken from 
region-specific data, regulatory guidance or developed using hydrologic models.  The Los 
Angeles County Standard Urban Stormwater Mitigation Plan (SUSMP) Manual and the LA 
County Hydrology Manual use the following equation to calculate developed runoff coefficient: 

 

CD = (0.9 × I) + (1.0 – I) × CU 

 
Where:   CD = Developed Runoff Coefficient 
  I = Proportion Impervious (0 to 1) 
  CU = Undeveloped Runoff Coefficient 
 
The undeveloped runoff coefficient (CU) in this equation is a function of soil type and rainfall 
intensity.  For most soils found in LA County area and the range of intensities associated with 
water quality storms, CU may be assumed to equal 0.1.  Substituting this value into the equation 
above yields:  

 

Runoff Coefficient = 0.008 × % Impervious + 0.1 

Note: This equation was not used in water quality modeling.  It was only used as a basis for 
comparison with project-specific runoff coefficient equations developed as described below. 

  

As the Newhall Ranch Project area contains a variety of soil conditions, continuous simulation 
modeling using the Storm Water Management Model (SWMM) was conducted to determine the 
appropriate slope and intercept parameters to use in the linear runoff coefficient equation.  Key 
parameters for the SWMM model are shown in Table 1-2.   
   

Table 1-2: SWMM Runoff Module Parameters 

SWMM Runoff Parameters  Units Values 
Wet time step seconds 600 
Wet/dry time step seconds 600 
Dry time step seconds 14,400 
Impervious Manning’s n  0.012 
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SWMM Runoff Parameters  Units Values 
Pervious Manning’s n   0.25 
Drainage area modeled for 
Rv determination acres 10 

Shape  Rectangular, 500 ft flow path length for pervious 
areas, 250 ft flow path length for impervious area 

Impervious Fractions 
Modeled  0%, 33.3%, and 100%.  See Table 1-3 for specific 

runoff block dimensions. 

Slope ft/ft 0.10 for pre-development project conditions and 
0.05 for post-development project conditions. 

Evaporation inches / 
month 

60% of reference ET values contained in Table 
1-5 were used for the existing site conditions to 
reflect existing uses and the post-development 
project condition. 

Soil properties / infiltration  Green-Ampt soil parameters per Maidment 
(1993). 

Depression storage, 
impervious   inches 0.02, based on Table 5-14 in SWMM manual 

(James and James, 2000) 

Depression storage, pervious inches 0.06, based on Table 5-14 in SWMM manual 
(James and James, 2000) 

 
Runoff path lengths will affect ET and runoff volumes. As the path length increases, ET and 
infiltration increase and runoff decreases. For consistency in model runs three scenarios were 
modeled as shown in Table 1-3 with consistent runoff path lengths for pervious surfaces and 
impervious surfaces.  Rectangular catchments were assumed, thus the catchment width for input 
to SWMM was calculated as the catchment area divided by the total path length.  As only one 
width may be assigned for each catchment, modeled impervious fractions were chosen 
specifically to result in consistent runoff path lengths for pervious and impervious surfaces.  
Maintaining consistent path lengths ensures that the results of SWMM can be well-approximated 
by a linear trendline.   
 

Table 1-3: SWMM Runoff Block Modeled Percent Impervious Values 

Area (ac) % Impervious SWMM Width 
(ft) 

Pervious Flow 
Length (ft) 

Pervious Flow 
Length (ft) 

10 0 871 500 0 
10 33.3 581 500 250 
10 100 1742 0 250 

 
The Newhall Ranch Project contains a variety of soil conditions including 34% group B soils 
comprised mostly of loams and sandy loams, 59% group C soils comprised mostly of silty clay 
loams, and the remainder group A sandy soils and rock outcropping. For the general level of 
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analysis being conducted, it was considered appropriate to use a soil type that represents average 
conditions for all of Newhall Ranch. The soil type used was a moderately permeable soil 
representative of a silt loam which results in little surface runoff for the existing condition and a 
conservative estimate for the developed condition when further reducing the hydraulic 
conductivity by 25 percent to account for compaction.  The Green-Ampt soils properties used for 
the SWMM modeling are shown in Table 1-4. 

 

Table 1-4: Green-Ampt Soil Parameters 

Soil Texture Class 
Suction Head 

(in) Ks (in/hr) 
Initial Moisture 

Deficit (in/in) 

Silt Loam – Existing Condition 6.57 0.27 0.32 

Silt Loam – Developed Condition 6.57 0.20 0.32 
Soil properties estimated from information contained in Table 5.5.5 of the Handbook of Hydrology (Maidment, ed. 
2003)  
 
Reference ET values for estimating actual ET rates was taken from Figure 1-5 produced by the 
California Department of Water Resources.  The Newhall Ranch Project site is located in zone 
14.   Reference ET values for zone 14 are reproduced in Table 1-5. 
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Table 1-5: Evaporation Parameters for Hydrology Model (from CA ET map) 

Evapotranspiration Rates 60% Month 
Inch / day Days / month Inch / Month Inch / Month 

January 0.05 31 1.55 0.93 
February 0.08 28 2.24 1.34 
March 0.12 31 3.72 2.23 
April 0.17 30 5.1 3.06 
May 0.22 31 6.82 4.09 
June 0.26 30 7.8 4.68 
July 0.28 31 8.68 5.21 

August 0.25 31 7.75 4.65 
September 0.19 30 5.7 3.42 

October 0.13 31 4.03 2.42 
November 0.07 30 2.1 1.26 
December 0.05 31 1.55 0.93 

 Total 365 57.04 34.22 
 
 

1.2.2.2. SWMM Runoff Coefficient Results 

Using the model input parameters described above, runoff coefficient equations have been 
developed for the Newhall Ranch Specific Plan area.  Figure 1-6 and Figure 1-7 display the 
SWMM results (as diamonds) and the best fit line for existing and developed conditions, 
respectively, for the entire Project site.   
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Figure 1-6: Existing Conditions Runoff Coefficient Equation 
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Figure 1-7: Developed Conditions Runoff Coefficient Equation 

 
The SWMM continuous simulation results for the Project model as a whole agree relatively 
closely with the LA County runoff coefficient equation discussed above. The intercept was 
rounded to three decimal places resulting in the following equations used to estimate runoff 
coefficients in the water quality model as a function of imperviousness: 
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Existing Conditions: 
 Total Project Runoff Coefficient = 0.0092 × % Impervious + 0.0404 

 
 Developed Conditions:  

 Total Project Runoff Coefficient = 0.0089 × % Impervious + 0.0684 

1.2.3. Land Use & Treatment BMPs 
 
The delineation of existing land uses and areas within Newhall Ranch were determined from the 
Los Angeles County Department of Public Works (LADPW) existing land use coverage and 
Newhall Land records of existing agriculture areas. Based on an inspection of recent aerial 
photography, project areas designated with the existing land use “Mineral Extraction- Oil and 
Gas” were divided into open space land use (85%) and light industrial land use (15%) to better 
define the origin of stormwater runoff and pollutants.  High country areas discharge to the Santa 
Clara River near the project boundary therefore, these areas and the Santa Clara River Corridor 
were not included in the water quality modeling. The modeled project area was 7,003 acres. 
Table 1-6 provides the existing condition land uses and areas for Newhall Ranch as well as the 
land use category for water quality modeling, percent impervious value, and runoff coefficient 
used for the land uses. The modeled land uses were based on the most representative land use 
within the available data sets (see Section 1.2.4).   
 

Table 1-6: Modeled Existing Conditions 

Land Use Area (acres) 
Land Use Category 

for Modeling % Impervious1 Runoff Equation Type 

Open Space 3,825.8 Open 1 Undeveloped 

Oil and Gas Extraction 1309.6 Light Industrial/ 
Open Space2 10 Undeveloped3 

Agriculture – Dry 1,016.3 Agriculture 2 Developed 

Agriculture - Irrigated 810.9 Agriculture 2 Developed 

SR-126 40.4 Transportation 100 Developed 

High Country 4234.3 Not Modeled 

River Corridor 761.9 Not Modeled 
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Land Use Area (acres) 
Land Use Category 

for Modeling % Impervious1 Runoff Equation Type 

Total Modeled 7,003.0    

Total 11,999.2    

1 Percent impervious values are based on the LA County Hydrology Manual. 
2 Areas zoned Oil and Gas Extraction were assumed to be 85% vacant land use with 1% imperviousness and 15% 
light industrial land use with 60% imperviousness, equivalent to 10% composite imperviousness. 
3 Areas zoned Oil and Gas Extraction were modeled using the undeveloped runoff coefficient since the oil and gas 
pads (modeled as light industrial) are well distributed and are a small portion (15%) of the total land use area. 
Overall, it was assumed that the total land use area is best represented by the undeveloped runoff coefficient.    
 
The delineation of developed land uses and areas within Newhall Ranch were determined from 
the Newhall Ranch Specific Plan land use data provided by PSOMAS Engineering. As with the 
existing condition, high country areas discharge to the Santa Clara River near the project 
boundary therefore, these areas and the Santa Clara River Corridor were not included in the 
water quality modeling. The modeled project area was 7,003 acres.  
 
The BMPs included in the water quality modeling were swales for the majority of the Landmark 
Village Project and dry extended detention water quality basins for the remaining developed 
areas within the Newhall Ranch Project area. Although bioretention areas will be incorporated 
into the Newhall Ranch Project area to reduce stormwater runoff volumes in order to protect 
receiving waters, these BMPs were not modeled.  
 
Table 1-7 provides developed condition land uses and areas for Newhall Ranch as well as the 
land use category for water quality modeling, percent impervious value, runoff coefficient used 
for the land uses. Table 1-7 also divides the total area for each land use between areas treated by 
swales and water quality basins and areas not treated by a BMP. In addition, area weighted 
percent impervious values for areas treated by swales and water quality basins and areas not 
treated by a BMP are provided. Percent imperviousness values for each BMP are required for the 
water quality model.   
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Detention basins have been incorporated into the water quality model as it has not yet been 
determined where and to what extent it will be possible to incorporate bioretention areas into the 
stormwater (and dry weather flows) treatment systems for the Newhall Ranch. Detention basins 
have been modeled as the water quality BMP for the majority of the Newhall Ranch area, as this 
is representative of the minimum level of treatment that will be provided for stormwater runoff. 
Treatment in bioretention facilities will provide for greater volume and pollutant load reduction 
than detention basins. Therefore, the water quality model results based on dry extended detention 
basin treatment are conservative and represent the maximum stormwater runoff volumes and 
pollutant loads anticipated for the developed project condition. Stormwater runoff volumes and 
pollutant loads will be reduced in areas treated with bioretention.  
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Table 1-7: Modeled Developed Conditions 
Area (acres) by BMP Area Weighted % Impervious by BMP 

Land Use 
Area 

(acres) 

Land Use 
Category for 

Modeling 
% 

Impervious1 
Runoff Eqn 

Type 
No 

Treatment Swales WQ Basins 
No 

Treatment Swales WQ Basins 
Commercial 463.2 Commercial 91 Developed   34.2 429.0   8.80 11.8 

Estate 
Residential 352.6 

Single 
Family 

Residential 
30 Developed     352.6     3.2 

Low Density 
SF Residential 419.3 

Single 
Family 

Residential 
42 Developed     419.3     5.3 

Low-Med 
Density  SF 
Residential 

978.4 
Single 
Family 

Residential 
42 Developed     978.4     12.4 

Medium 
Density SF 
Residential 

610.9 
Single 
Family 

Residential 
55 Developed   49.0 561.9   7.6 9.3 

High Density 
MF Residential 151.2 Multi-Family 

Residential 68 Developed   76.5 74.7   14.7 1.5 

Education 100.5 Education 68 Developed   9.0 91.5   1.7 1.9 
Road 340.0 Roadways2 100 Developed   130.3 209.7   36.8 6.3 
Open Space 3,337.9 Open Space 1 Undeveloped 3,303.3 34.6   1.0 0.1   
Park 52.3 Open Space 15 Developed   20.0 32.3   0.8 0.1 
Golf Course 172.5 Open Space 10 Developed     172.5     0.5 
Water 24.2 Water3 100 Undeveloped 24.2     0.7     
High Country 4234.3 Not modeled - -       
River Corridor 761.9 Not modeled - -       
Total Modeled 7,003.0       3327.5 353.6 3,321.9 1.7 70.7 52.3 
Total 11,999.2  

1 Percent impervious values are based on the LA County Hydrology Manual. 
2 Of the 340 acres of roadways, 193 acres are high use roads (>30,000 vehicles per day) and were modeled as transportation land use. The remaining 147 acres of roads 
are lower use (<30,000 vehicles per day) and were modeled as 100% impervious residential areas. The residential stormwater monitoring data used to represent 
pollutant concentrations includes residential roadways. 
3 All rainfall on water surfaces is modeled as 100% impervious because rainfall is equal to runoff. It is assumed that 100% of the rainfall that falls on the water surface is 
captured in the waterbody. Since the runoff is immediately captured in the waterbody and does not travel across impervious surfaces, it is assumed that the runoff does 
not generate any pollutant loads.   
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1.2.4. Stormwater Runoff Pollutant Concentrations 
Stormwater monitoring data collected by the Los Angeles Department of Public Works 
(LADPW) was used to derive estimates of pollutant concentrations in runoff from urban land 
uses.  The existing conditions of the Newhall Ranch Project site contain agricultural uses.  
Stormwater monitoring data collected by Ventura County was used to estimate stormwater 
pollutant concentrations for agricultural land use. 
 

1.2.4.1. Los Angeles County Monitoring Data 

Recent and regional land-use based stormwater quality monitoring data was collected through 
the LA County Stormwater Monitoring Program.  This program was initiated with the goal of 
providing technical data and information to support effective watershed stormwater quality 
management programs in Los Angeles County.  Specific objectives of this project included 
monitoring and assessing pollutant concentrations from specific land uses and watershed areas.  
In order to achieve this objective, the County undertook an extensive stormwater sampling 
project that included 8 land use stations and 5 mass emission stations (located at the mouths of 
major streams and rivers), which were tested for 82 water quality constituents.  These data are 
presented in Los Angeles County 1994-2000 Integrated Receiving Water Impacts Report, 2000 
and Los Angeles County 2000-2001 Stormwater Monitoring Report, 2001. 
 
Stormwater quality for the Newhall Ranch Project was estimated based on the recent EMC data 
collected by LA County (LA County, 2000).  These data were used because of the relatively 
close location to the project site and because the monitored land uses were representative of the 
proposed land uses for the Newhall Ranch Project.  The monitored land uses stations are listed in 
Table B-8 with a brief description of the site and when the monitoring data were collected.    
  

Table 1-8: LA County Land Use Monitoring Stations Available for Water Quality 
Modeling 

Station Name # Modeled 
Land Use Site Description1 

Years 
Monitoring 
Conducted 

Santa Monica 
Pier S08 Commercial 

The monitoring site is located near intersection 
of Appian Way and Moss Avenue in Santa 
Monica. The storm drain discharges below the 
Santa Monica Pier. Drainage area is 
approximately 81 acres.  The Santa Monica 
Mall and Third St. Promenade dominate the 
watershed with remaining land uses consisting 
of office buildings, small shops, restaurants, 
hotels and high-density apartments.  

1995-1999 
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Station Name # Modeled 
Land Use Site Description1 

Years 
Monitoring 
Conducted 

Sawpit Creek S11 Open Space  
(& Parks) 

Located in Los Angeles River watershed in 
City of Monrovia. The monitoring station is 
Sawpit Creek, downstream of Monrovia Creek. 
Sawpit Creek is a natural watercourse at this 
location. Drainage area is approximately 3300 
acres. 

1995-2001 

Project 620 S18 Single Family 
Residential 

Located in the Los Angeles River watershed in 
the City of Glendale. The monitoring station is 
at the intersection of Glenwood Road and 
Cleveland Avenue. Land use is predominantly 
high-density, single-family residential. 
Drainage area is approximately 120 acres. 

1995-2001 

Project 1202  S24 Light 
Industrial 

Located in the Dominguez Channel/Los 
Angeles Harbor Watershed in the City of 
Carson. The monitoring station is near the 
intersection of Wilmington Avenue and 220th 
Street. The overall watershed land use is 
predominantly industrial. 

1995-2001 

Dominguez 
Channel S23 Freeway 

(Roadways) 

Located within the Dominguez Channel/Los 
Angeles Harbor watershed in Lennox, near 
LAX. The monitoring station is near the 
intersection of 116th Street and Isis Avenue. 
Land use is predominantly transportation and 
includes areas of LAX and Interstate 105. 

1995-2001 

Project 474 S25 Education 
(Schools) 

Located in Los Angeles River watershed in the 
Northridge section of the City of Los Angeles. 
The monitoring station is located along Lindley 
Avenue, one block south of Nordoff Street. 
The station monitors runoff from the California 
State University of Northridge. Drainage area 
is approximately 262 acres. 

1997-2001 

Project 404 S26 Multi-Family 
Residential 

Located in Los Angeles River watershed in 
City of Arcadia. The monitoring station is 
located along Duarte Road, between Holly Ave 
and La Cadena Ave. Drainage area is 
approximately 214 acres. 

1997-2001 

     1 Los Angeles County 1999-2000 Draft Stormwater Monitoring Report (Los Angeles County, 2000) 
 

1.2.4.2. Ventura County Monitoring Data 

As part of its NPDES permit, the Ventura County Flood Control District conducts monitoring to 
determine the water quality of stormwater runoff from areas with specific land uses. One 
monitoring station, Wood Road at Revolon Slough (site A-1), drains the approximately 350 acre 
Oxnard Agricultural Plain, which is comprised almost entirely of agricultural land (primarily row 
crops), including a small number of farm residences and ancillary farm facilities for equipment 
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maintenance and storage.  Data from the Wood Road station was used to estimate pollutant 
concentrations in stormwater runoff for agricultural land use. 
 
Land use runoff sampling for the Ventura County stormwater monitoring program originally 
began during the 1992/93 monitoring season, with up to several samples collected at each site 
during each storm season.  For the A-1 site, the period of record begins during the 1996/97 storm 
season, and continues through the 2003/04 season.  All land use monitoring sites are equipped 
with automated monitoring equipment, including flowmeters (with area-velocity probes and 
level sensors) and refrigerated auto-samplers which enable the collection of flow-weighted 
composite samples.  Stormwater quality monitoring data for the agricultural land use site was 
provided by Mark Davis of the Ventura County Watershed Protection District.  This information 
was extracted from their newly-constructed water quality database, which contains monitoring 
data for their land use, mass emission, and receiving water monitoring sites.   
 

1.2.4.3. Data Analysis for Derivation of Land Use EMCs 

The County of Los Angeles Department of Public Works (LADPW) has monitored stormwater 
runoff quality from various land uses throughout the County on an annual basis beginning in 
1995 through 2001.  For each year of monitoring several storm event mean concentrations 
(EMCs) are reported and included in the County’s annual water quality report to the Los Angeles 
Regional Water Quality Control Board.  The convention for dealing with the censored data (e.g., 
data only known to be below the analytical detection limit) is to substitute ½ of the detection 
limit for all non-detects.  L.A. County has followed this convention when providing summary 
arithmetic statistics of the stormwater monitoring data.  This method tends to introduce bias into 
the estimate of the mean and standard deviation and the summary statistics are not believed to be 
robust or adequately account for non-detects.  To further complicate matters, the detection limit 
for dissolved copper and total lead has changed during the period stormwater monitoring was 
conducted by LADPW. 
 
In an effort to provide more reliable and accurate estimates of land use EMCs for the Newhall 
Ranch Specific Plan water quality modeling, a robust method of estimating descriptive statistics 
for censored data with multiple detection limits was employed.  The plotting position method 
described in Helsel and Cohn (1988) was used to estimate censored values using the distribution 
of uncensored values.  Descriptive statistics were then estimated using the parametric bootstrap 
method suggested by Singh, Singh, and Engelhardt (1997).   
 
Example Data Set 
To illustrate the statistical methods used to obtain land use EMCs, the LADPW stormwater 
monitoring data collected for total lead from the transportation land use station is used.  The data 
were collected from 01/1996 to 04/2001.  At the beginning of March 1997 the detection limit for 
total lead changed from 10 to 5 μg/L.  Table 1-9 describes the data according to the number of 
censored and uncensored values in the example data set.   
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Table 1-9. Number of Censored and Uncensored Data Points in the Total Lead 
Transportation Land Use Data Set  

Total Lead EMC Data for Transportation Land Use 

Uncensored 37 
Censored < 10 μg/L 2 
Censored < 5 μg/L 38 
Total Data Count 77 

 
Prior to applying the plotting position method, it is necessary to check the normality of the data.  
Figure 1-8 shows histograms and probability plots of the transportation land use total lead data 
above detection limits in normal and lognormal space.  As indicated in the figure, the data tends 
to follow a lognormal distribution, a finding that is common with many pollutants in stormwater.    
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Figure 1-8: Histograms and Probability Plots of Transportation Total Lead Data in 
Arithmetic and Lognormal Space 

 
To verify the visual check that the data are lognormally distributed, the Shapiro-Wilk goodness-
of-fit test was used (Royston, 1992).  In this test, if p > 0.1, the null hypothesis that the log data 
follow a normal distribution cannot be rejected.  For this example data set, the p-value of the log-
transformed uncensored data is 0.293, which indicates that lognormal distribution is a good 
approximation of the distribution of the data set.  
 
Method for Dealing with Multiple Detection Limits 
To account for the multiple detection limits in the censored data sets, a regression on order 
statistics (ROS) method was employed.  ROS is a category of robust methods for estimating 
descriptive statistics of censored data sets that utilize the normal scores for the order statistics 
(Shumway et al. 2002).  The plotting position method by Hirsch and Stendinger (1987) 
(summarized by Helsel and Cohn, 1988) was the ROS method used.  In this method, plotting 
positions are based on conditional probabilities and ranks, where the ranks of the censored 
(below detection) and uncensored data (above detection) related to each detection limit are 
ranked independently.  The method is summarized in the equations below.   
 
After plotting positions for the censored and uncensored values have been calculated, the 
uncensored values are plotted against the z-statistic corresponding to the plotting position and the 
best-fit line of the known data points is derived.  Using this line and the plotting positions for the 
uncensored data, the values for the uncensored data are extrapolated.  Figure 1-9 illustrates the 
plotting position method results on the total lead data for transportation land use.   
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Where: 
Aj = the number of uncensored observations above the j detection limit and below the j 

+1 detection limit. 
Bj = the number of censored and uncensored observations less than or equal to the j 

detection limit. 
pej = the probability of exceeding the j threshold for j = m, m -1, … 2, 1 where m is the 

number of thresholds; by convention pem+1 = 0. 
 
Equation 2 was used for plotting the uncensored data and equation 3 was used for plotting the 
censored data; the plotting positions of the data were calculated using the Weibull plotting 
position formula. 
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Where: 

p(i) = the plotting position of the uncensored i data point. 
r = the rank of the ith observation of the Aj observations above the j detection limit. 

 

( ) ( )
( )1

1
+

×−
=

j

j

n
rpe

ipc        (3) 

 
Where: 

pc(i) = the plotting position of the censored i data point. 
r = the rank of the ith observation of the nj censored values below the j detection limit. 
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Figure 1-9: Probability Plot of the Uncensored and Predicted (Censored) Total Lead 
Transportation EMCs 

 
Method for Calculating Descriptive Statistics 
After the censored data are estimated (or for datasets without non-detects), descriptive statistics 
were computed using the bootstrap method (Singh et al. 1997).  The bootstrap method samples 
from the data set with replacement several thousand times and calculates the desired descriptive 
statistics from the sampled data.  The steps of the bootstrap estimation method are described 
below.   
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1. Take a sample of size n with replacement (the sampled data point remains in the data 
set for subsequent sampling) from the existing data set (Singh et al. recommends n be 
the same size as the original data set, this recommendation was followed for the 
analysis) and compute the descriptive statistic, θi, from the sampled data.  

2. Repeat Step 1 independently N times (10,000 for this analysis) each time calculating 
a new estimate for θi.   

3. Calculate the bootstrap estimate θB by averaging the θi’s for i=1 to N 
 
Fundamentally, the bootstrap procedure is based on the Central Limit Theorem (CLT), which 
suggests that even when the underlying population distribution is non-normal, averaging 
produces a distribution more closely approximated with normal distribution than the sampled 
distribution (Devore 1995).  Figure 1-10 compares the total lead data after estimating censored 
values using the ROS method described prior to applying the bootstrap method with 
bootstrapped means of the ROS data.  Note the bootstrap means are more normally distributed 
than the original data and the central tendency of the data is centered near 8 ug/L.   
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Figure 1-10: Comparison of the Distribution of ROS Method Total Lead Data and the 

Bootstrap Means of the ROS Data. 

 
The majority of the LADPW stormwater monitoring for the pollutant land use combinations 
analyzed fit a lognormal distribution.  The data that did not statistically fit the lognormal 
distribution were more closely approximated with a lognormal distribution than a normal 
distribution. The bootstrap method was applied differently depending on the distributional fit of 
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the data.  If the pollutant EMC data for a particular land use fit a lognormal distribution 
according to the Shapiro-Wilk goodness-of-fit test, the log-transformed data were bootstrapped 
and an estimate of the mean and standard deviation were obtained in log space and then 
converted to arithmetic space.  The assumption of lognormality was more stringently applied 
than normal by using an alpha significance value of 0.1. This was done to improve the estimate 
of the standard deviation when the hypothesis of lognormality is rejected.  When analyzing data 
in log space there is a tendency to overestimate the standard deviation for relatively symmetric 
data and underestimate the standard deviation for severely skewed data.  For datasets that did not 
fit the lognormal distribution, the raw data were bootstrapped to obtain the mean and standard 
deviation statistics.  Bootstrapping the data in arithmetic space assumes no distribution in those 
instances when a distribution could not be confirmed through goodness-of-fit testing.   
 
Conclusions 
The plotting position method for multiple detection limits has been used in conjunction with the 
bootstrap procedure for calculating the descriptive statistics used to represent pollutant EMC 
distributions in the water quality model.  If the uncensored data were determined to be 
lognormally distributed with less than 50% of the data below the detection limit (censored), the 
bootstrap procedure was coupled with lognormal theory (i.e., data were log transformed prior to 
the bootstrap analysis).  Otherwise, the original data plus the estimates of the censored data were 
analyzed in arithmetic space to calculate the arithmetic mean and standard deviation.  Table 1-10 
summarizes the lognormal descriptive statistics, and Table 1-11 summarizes the resulting 
arithmetic means. The latter data represent the land use specific pollutant EMCs in the Monte 
Carlo water quality model. 
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Table 1-10: Lognormal Statistics for Modeling Pollutants Concentrations from Land Uses.  

 TSS TP NH3 NO3 NO2 TKN Diss Cu Tot Pb Diss Zn Cl 
Land Use Arithmetic 

Units mg/L mg/L mg/L mg/L mg/L mg/L μg/L μg/L μg/L mg/L 

Mean 3.966 -1.242 -0.832 -0.884 -2.721 0.711 2.210 1.292 4.778 3.043 
Commercial 

St. Dev 0.609 0.680 1.218 0.635 1.060 0.804 0.685 1.389 0.703 1.226 

Mean 4.097 -1.375 -1.838 -0.750 -3.127 0.296 2.163 0.777 4.121 2.380 
Education 

St. Dev 0.923 0.515 1.111 0.626 1.177 0.604 0.733 0.891 0.531 1.264 

Mean 5.019 -1.328 -1.065 -0.574 -2.650 0.783 2.344 1.994 5.591 2.238 Light Industrial 
St. Dev 0.741 0.828 0.957 0.828 0.667 0.694 0.764 1.041 0.769 0.590 
Mean 3.935 -1.229 -1.271 -0.687 -3.011 0.345 2.806 1.902 4.783 1.261 

Transportation 
St. Dev 0.834 0.992 0.608 0.749 1.056 0.654 1.116 0.631 1.040 0.998 

Mean 3.144 -1.788 -1.208 -0.180 -2.932 0.346 1.768 0.812 3.965 2.124 Multi-Family 
Residential St. Dev 0.920 0.728 0.886 0.930 1.102 0.556 0.576 0.985 0.707 1.119 

Mean 4.178 -1.170 -1.248 -1.219 -3.198 0.734 1.869 1.762 2.392 1.440 Single Family 
Residential St. Dev 1.026 0.640 0.964 1.274 1.191 0.747 0.783 0.997 1.085 0.570 

Mean 6.754 0.990 0.338 2.519 -2.120 1.948 2.839 3.015 3.252 3.666 Agriculture  
(Ventura County) St. Dev 0.551 0.469 0.712 0.460 0.000 0.380 0.536 0.763 0.847 0.689 

Mean 3.342 -3.060 -3.075 -0.033 -3.976 -0.458 -2.573 -1.246 1.2931 1.864 
Vacant / Open Space 

St. Dev 1.859 1.064 0.811 0.548 0.459 0.784 1.505 1.616 1.312 0.226 

Mean 4.649* -0.705* -1.031* -0.397* -3.976+ 1.058 -2.573+ -1.246+ 1.293+ 1.864+ Golf Course 
St. Dev 0 0 0 0 0.459+ 0 1.505+ 1.616+ 1.312+ 0.226+ 

1 Dissolved zinc for open space was estimated from the total zinc analysis of LADPW monitoring data.   Four data points for dissolved and total zinc from the 
National Stormwater Quality Database gave an average ratio of dissolved to total zinc of 50 percent.  For the open space land uses the variation of dissolved zinc 
was assumed to equal that of total zinc (i.e. same standard deviation) and the lognormal mean was set to give an average concentration of 8.6 ug/L for the open 
space land use, half of the average total zinc concentration of 17.2 ug/L.  
* Developed through literature review of golf course runoff quality. 
+ Used same EMC as vacant/open space to represent golf course runoff quality 
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Table 1-11: Resulting Arithmetic Means from Lognormal Statistics for Modeling Pollutant Concentrations1 

TSS TP NH3 NO3 NO2 TKN Diss Cu Tot Pb Diss Zn Cl 
Land Use 

mg/L mg/L mg/L mg/L mg/L mg/L μg/L μg/L μg/L mg/L 

Commercial 63.5 0.364 0.913 0.505 0.115 2.81 11.5 9.55 152 44.5 

Education 92.1 0.289 0.295 0.575 0.088 1.61 11.4 3.23 70.9 24.0 

Light Industrial 151 0.265 0.345 0.563 0.071 2.19 10.4 7.34 268 9.38 

Transportation 72.4 0.478 0.338 0.666 0.086 1.75 30.8 8.17 205 5.80 

Multi-Family Residential 35.4 0.218 0.442 1.29 0.098 1.65 6.92 3.66 67.7 15.6 

Single Family Residential 110 0.381 0.457 0.665 0.083 2.75 8.81 9.57 19.7 4.97 

Agriculture (Ventura County) 998 3.00 1.81 13.8 0.120 7.54 19.7 27.3 37.0 49.6 

Vacant / Open Space 159 0.083 0.064 1.12 0.021 0.860 0.237 1.06 8.61 6.62 

Golf Course 104 0.494 0.357 0.672 0.021 2.88 0.237 1.06 8.61 6.62 
1 Calculated from values provided in Table 1-10: Lognormal Statistics for Modeling Pollutants Concentrations from Land Uses. - all 
footnote comments from Table 1-10 apply. 
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1.2.5.  Estimate of BMP Performance Parameters  
 
BMP performance is a function of three factors: (1) the fraction of stormwater runoff receiving 
treatment (often referred to as percent of runoff captured, or simply percent capture); (2) the 
pollutant removal achieved in the unit by virtue of infiltration and/or evapotranspiration 
(generically referred to as volume reduction); and (3) the pollutant removal achieved in the 
treatment unit by virtue of improved water quality. Newhall Ranch has committed to designing 
stormwater BMPs to capture and treat at least 80 percent of the stormwater runoff volume on an 
average annual basis.  
 
Capture efficiency calculations used to estimate results for the individual storms and volume 
reduction estimates are discussed in Section 1.2.5.1.  Pollutant removal estimates are described 
in Section 1.2.5.2. 
 

1.2.5.1. BMP Capture Efficiency  

The modeled structural BMPs were analyzed as flow or volume-based.  Different methods were 
used to calculate the capture efficiency of each type of BMP as discussed below. 
 

1.2.5.1.1. Volume-based BMP Capture Efficiency  
The volume-based BMP that is included in the Newhall Ranch Project is the extended detention 
water quality basin. The capture efficiency is calculated by first running the GeoSYNOP 
program that provides descriptive statistics of storm events based upon analysis of hourly rainfall 
records.  Included in these statistics is the dry time between storms.  This information, along with 
the storm depths and drainage rates of the volume based BMPs, was used to estimate the percent 
capture of the volume-based BMPs for each storm in the period of record. The percent capture 
calculations for volume-based BMPs required the following steps. 
 
Step 1 – Estimate Runoff Volumes for Each Storm in the Period of Record Modeled 
The runoff volume for each storm in the period of record (538 storms) was calculated for the 
tributary area draining to each BMP.   
 
Step 2 – Determine the BMP Storage Capacity 
Next, the available storage capacity of the BMP was calculated for each storm.  If the time from 
the preceding storm was equal to or larger than the drawdown time of the BMP (48 hours for 
DEDBs), then the BMP was considered empty at the time of the storm.  
 
If the time between storms was less than the drawdown time, then the capture volume was 
calculated to account for the size of the previous storm, the drawdown that occurred during the 
previous storm, and the drawdown during the dry period between storms.  This is done in order 
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to account for insufficient time for the BMPs to completely empty before the next storm arrived.  
If the volume of stormwater runoff to the BMP from the previous storm minus the drawdown 
that occurred during the previous storm was larger than the BMP volume, then the BMP was 
assumed to be filled completely at the end of the previous storm and the initial storage capacity 
(ISC) in equation 4 is equal to the volume of drawdown that occurred during the dry period 
between storms.   
 
If the runoff volume (for a storm occurring less than the drawdown time prior to the storm of 
interest) was less than the storage capacity of the BMP, then the difference between the storage 
capacity of the BMP and the volume remaining in the BMP after the previous storm plus the 
volume of drawdown that occurred during the dry period between storms was considered 
available to capture runoff from the next storm.  This volume is then added to the storage 
capacity created from outflow from the basin during the time of the storms as shown in equation 
4.   
   

TC = ISC + [BV × DD × T]                          (4) 
Where: 

TC  =  the treatment capacity (ft3) of a volume-based BMP available to capture runoff 
over the duration of a storm 

ISC =  the initial storage capacity for storm of interest (ft3)  
BV  =  the BMP volume (ft3)  
DD  =  the draw down rate of a volume-based BMP in percent per hour (hr -1) [2.08% per 

hour for a 48 hour draw down time] 
  T   =  the storm duration (hr) 

 
The above equation accounts for storage capacity that is created during emptying of the BMP 
while a storm occurs.  That is, during long duration storms more runoff can be processed through 
the BMP than for a short storm of comparable rainfall intensities and runoff rates.  This method 
has produced percent capture results that consistently are in close agreement with the overall 
results from EPA’s Stormwater Management Model (SWMM), which are used to verify the 
results from this method.   
 
Step 3 – Determine BMP Percent Captures for Storms  
The storage capacity estimated from step 2 is compared to the runoff volume estimate from step 
1.  If the storage capacity exceeds the storm runoff volume then the storm is considered to be 
completely (100%) captured.  If the storage capacity is less than the runoff volume, a volume of 
runoff equal to the storage capacity is considered treated by the BMP. The excess volume is 
assumed to bypass the BMP and enter the receiving water untreated.  
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1.2.5.1.2. Flow Based BMP Capture Efficiency  
The flow based BMPs (swales) are sized to treat a flow capacity exceeding the LA County 
SUSMP sizing requirements in order to achieve treatment of approximately 80% of the 
stormwater runoff. Off-line swales (swales with a diversion structure for flows up to the swale 
treatment capacity) that provide treatment even when a fraction of the runoff is bypassed achieve 
higher capture efficiency than in-line swales. The following steps were followed in estimating 
the percent capture for flow based BMPs.    
 
Step 1 – Estimate the Depth of Runoff Captured on an Hourly Basis 
The percent capture estimate for each storm is made through comparison of the hourly rainfall 
data comprising the storm event to the design rainfall intensity of the flow-based BMP.  For off-
line BMPs, if the depth of rainfall for a given hour exceeds the design rainfall intensity, then no 
treatment is credited for the rainfall above the design intensity (0.3 inches per hour).  If the 
design capacity (in inches per hour) of the BMP meets or exceeds the depth of rainfall occurring 
in a given hour, then all of the resulting runoff during that hour is considered captured by the 
BMP.   
 
Step 2 – Sum the Depth of Rainfall Capture for Each Storm Event 
The depth of rainfall captured for each hour of rainfall during the storm event is then summed to 
give the total depth of rainfall considered captured by the BMP for the storm of interest. 
 
Step 3 – Calculate the Percent Capture for Each Storm Event 
The depth of rainfall captured during a given storm event is divided by the total depth of the 
storm to give the percent capture for the storm event that is used in the water quality model 
input. 
   
Note that because flow-based BMPs are designed based on rainfall intensity and because a non-
variable runoff coefficient method is used to convert rainfall to runoff over each catchment, the 
runoff characteristics of the catchment do not need to be known to calculate capture efficiency at 
the design stage.  Rather, capture efficiency is based on a comparison of design rainfall intensity 
to measured rainfall intensity. 

1.2.5.1.3. BMP Volume Reductions 
The volume reduction achieved by a BMP is a function of the capture efficiency and the fraction 
of captured stormwater runoff that is infiltrated, evaporated, or transpired by vegetation. 
 
Data in the International BMP Database have shown that as much as 30 percent of stormwater 
volume captured by dry extended detention basins and 35 percent captured by swales can be lost 
to infiltration (Strecker et al., 2004) which indicates that this may be an important mechanism 
that should be included in the water quality analysis.  Evapotranspiration is expected to occur in 
vegetated basins and swales but is anticipated to be much less significant than infiltration and 
was not included in the volume reduction estimates.   
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BMPs specifically designed to infiltrate stormwater runoff (e.g. bioretention) were not included 
in the modeled stormwater management system for the Newhall Ranch Specific Plan water 
quality assessment, although bioretention will be included on the project level. Bioretention areas 
are expected to reduce captured stormwater runoff volumes by 90 percent or more, primarily 
through infiltration with smaller volume reductions occurring due to evapotranspiration. The 
large reduction in captured stormwater runoff volumes will not only achieve greater reductions 
in pollutant loads than water quality basins and swales, but will also provide significant benefits 
for minimizing potential receiving water impacts due to hydrologic changes (i.e. increased runoff 
volumes). As mentioned previously, the bioretention BMPs were not simulated in the water 
quality model as the planning level detail required for incorporating these BMPs into the project 
areas is largely unavailable at this time. The Newhall Ranch Specific Plan results are therefore 
conservatively based by modeling DEDBs and swales which have lower volume reductions.  
 

1.2.5.2. BMP Pollutant Removal 

Various data sources were examined to estimate the anticipated performance of the treatment 
BMPs.  A comprehensive source of BMP performance information is the American Society of 
Civil Engineers (ASCE) International Stormwater BMP Database (ASCE, 2001, Strecker et al., 
2001).  The ASCE BMP database is comprised of carefully examined data from a peer-reviewed 
collection of studies that have monitored the effectiveness of a variety of BMPs in treating water 
quality pollutants for a variety of land use types.  The mean effluent water quality for treatment 
BMPs used for modeling purposes was based on values found in the International Stormwater 
BMP Database (ASCE/EPA, 2004).  Recent work in characterizing BMP performance suggests 
that effluent quality rather than percent removal is more reliable in modeling stormwater 
treatment (Strecker et al. 2001).   
 
To match site conditions, the BMP database studies were screened to exclude studies where 
BMP design or function was believed to result in significantly lower performance than the BMP 
design criteria that will be met for the Newhall Ranch Project BMPs.  For example some of the 
detention basin studies had significantly lower maximum detention times than the 48 hour 
criteria for the water quality basins.  The water quality data for detention basins with a 
drawdown time of less than 9 hours were excluded from the data set used to predict detention 
basin performance.  Certain studies in the detention basins category were not considered 
comparable in function to the dry-extended detention basin that will be incorporated into the 
Newhall Ranch Project treatment system.  Detention basins that were listed as either 
underground vaults or settling chambers were also excluded.    
 
As with the estimation of land use EMCs, final effluent values to be used in modeling analysis 
were determined using a combination of regression-on-order statistics and the “bootstrap” 
method (see Section 1.2.4.3).   
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Once the BMP sites had been screened for design criteria, the normality and lognormality of all 
BMP effluent sample data sets were tested using the Shapiro-Wilk goodness-of-fit test (Royston 
1992).  The majority of the pollutant data fit a lognormal distribution.  The data that did not 
statistically fit the lognormal distribution were more closely approximated with a lognormal 
distribution than a normal distribution.  The bootstrap method was applied differently depending 
on the distributional fit of the data.  If the data fit a lognormal distribution, the log-transformed 
data were bootstrapped and an estimate of the mean and standard deviation were obtained in log 
space and then converted to arithmetic space.  The assumption of lognormality was more 
stringently applied than normal by using an alpha significance value of 0.1.  This was done to 
improve the estimate of the standard deviation when the assumption of lognormality fails.  When 
analyzing data in log space there is a tendency to overestimate the standard deviation for 
relatively symmetric data and underestimate the standard deviation for severely skewed data.  
For datasets that did not fit the lognormal distribution, the raw data were bootstrapped to obtain 
mean and standard deviation values.  Bootstrapping the data in arithmetic space assumes no 
distribution in those instances when a distribution could not be confirmed through goodness-of-
fit testing. 
 
Table 1-12 shows the lognormal effluent quality descriptive statistics and corresponding 
arithmetic means for detention basins and swales.  These values were estimated using the above 
procedure on the ASCE/USEPA International BMP Database data (ASCE, 2003).  Note that 
sufficient data were not available for nitrite-N or ammonia for detention basins, and removal of 
these pollutants was not simulated.  Chloride removal was not simulated in either of the 
treatment BMPs. 
 

Table 1-12:  Summary of Lognormal Effluent Quality Statistics & Arithmetic Mean 
Effluent Quality for Modeled BMPs. 

Lognormal Modeling Parameters Arithmetic Means 

Detention Basins Swales 

Pollutant Mean St Dev Mean St. Dev 
Detention 

Basins Swales 

TSS 3.503 0.709 3.089 0.821 42.7 30.7 

Total P -1.262 0.553 NA NA 0.330 NA 

NH3 NA NA NA NA NA NA 

NO3 -0.346 0.671 -1.394 1.108 0.886 0.459 

NO2 NA NA NA NA NA NA 

TKN 0.460 0.522 0.336 0.593 1.81 1.67 

Dissolved Cu NA NA 1.756 0.776 NA 7.82 

Total Pb 3.000 0.931 1.402 1.314 31.0 9.64 

Dissolved Zn 3.786 0.705 3.231 0.714 56.5 32.6 
NA - not available 
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BMP effectiveness studies in the International BMP database infrequently monitor aluminum 
therefore insufficient effluent data were available to model the removal effectiveness of 
treatment control BMPs for this water quality constituent. In order to estimate the reduction in 
total aluminum load and concentration (dissolved aluminum was assumed to pass through BMPs 
without removal), TSS removal was used as a surrogate.  
 
Due to lack of aluminum monitoring data, it was necessary to simulate treatment for total 
aluminum using percent removal rather than the preferred BMP effluent concentration. TSS 
removal was modeled using BMP effluent concentrations for detention basins and swales and 
stormwater runoff concentrations for commercial, residential, and transportation land use; the 
most prevalent land uses in the Newhall Ranch Project. Detention basins and swales were found 
to remove, on average, 54% and 61% of the total TSS, respectively. The average fraction of total 
aluminum in dissolved form was 23% when averaging the available stormwater monitoring data 
from LADPW. The particulate fraction of total aluminum (77%) was multiplied by the percent 
removal for TSS to derive the reduction in total aluminum for detention basins (42%) and swales 
(47%).  
 
It is possible that particulate aluminum is not uniformly distributed among the range of particle 
sizes and that the smaller particles with a higher ratio of surface area have a higher fraction of 
aluminum sorbed to these particles. However, it is also possible that dissolved aluminum could 
be sorbed to particulates within the treatment BMP affecting some removal of the dissolved 
fraction of aluminum. To best account for the variability in particulate and dissolved aluminum, 
the removal efficiency of total aluminum was modeled assuming no removal of dissolved 
aluminum and a uniform distribution of particulates for removal of particulate aluminum. The 
overall effectiveness for total aluminum was about 35% when taking into account the average 
annual 80% capture efficiency of the treatment BMPs.  

1.2.6. Model Parameter Reliability & Assumptions 
 
The input parameters for the water quality model fall into the following five main categories:   
 

• Rainfall data; 
• Runoff Coefficients; 
• Land Use data; 
• Stormwater pollutant EMCs; and 
• BMP performance estimates. 

 
Each of the categories of input data is evaluated for accuracy in reflecting the project site 
conditions: 
 
Rainfall Data: A limited period of record (about 12 years of hourly data) is available from the 
Castaic Junction gauge monitored by the LADPW.  The Castaic Junction gauge is nearer to the 
project site and consistently measures precipitation amounts lower than recorded at the Newhall 
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gauge.  However, the limited period of hourly data collected at the Castaic Gauge is insufficient 
for water quality modeling and the rainfall data collected at the Newhall gauge was used.  The 
rainfall data from the Newhall gauge are believed to overestimate the average annual rainfall by 
about 3 inches per year resulting in a conservative estimate of stormwater runoff volumes and 
changes in average annual volumes resulting from development.  The San Fernando gauge which 
was used to fill in missing periods in the Newhall gauge measures only slightly lower average 
rainfall depths than the Newhall gauge and the data used from this gauge were corrected to 
account for this small difference.  Thus the use of San Fernando gauge data to fill gaps in the 
Newhall record results in a more accurate representation of actual rainfall and does not 
significantly bias estimates of runoff volume or concentration.  
 
Runoff Coefficients:  The estimation of runoff coefficients, described in Section B.2.2, is highly 
dependant on soil properties (i.e. infiltration potential) and less dependent on parameters such as 
ET rates, slopes, and surface roughness.  Soil properties are estimated as accurately as possible 
from available data such as soil surveys and site specific geomorphology studies.  The result is 
estimates for runoff coefficients that may somewhat overestimate or underestimate stormwater 
runoff.   The net result on the water quality model is that this parameter is not conservatively 
estimated; however, it is estimated as accurately as the available information permits.  When 
combined with the overestimate of average annual rainfall and land use percent impervious 
values (discussed below), stormwater runoff volumes are somewhat conservatively predicted. 
 
Land Use Data:  Land use data is generally considered a relatively accurately quantified input 
parameter.  The land use data for the developed conditions can be use to classify land use type 
and compute area.  The percent impervious values used in the water quality model for the urban 
land uses in the developed project condition are based upon the values listed in the LA County 
Hydrology Manual (2006).  The percent impervious values assigned to types of urban land uses 
may slightly overestimate imperviousness for some land uses because the Manual is intended for 
drainage and flood control analysis of large storm events.  However on a whole the Hydrology 
Manual values are generally considered to be a fairly accurate quantification of impervious 
where detailed site designs are not available.  The emphasis of modeling efforts described herein 
is to quantify imperviousness as accurately as possible without intentionally incorporating 
conservatism.  
 
Stormwater Pollutant EMCs:  Stormwater pollutant EMCs are estimated from monitoring data 
collected by the LADPW from land use characterization stations and generally do not have site 
design and source control BMPs that will be implemented for the Newhall Ranch Project.  
Therefore the stormwater pollutant EMCs estimated from the LADPW data are probably slightly 
conservative compared to the pollutant concentrations in stormwater runoff that will occur from 
the developed conditions of the project site. 
 
BMP Capture Efficiency & Effluent Concentrations:  Stormwater capture efficiency estimates 
were calculated in Excel spreadsheets and calibrated with continuous simulation to provide 
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results on a storm-by-storm basis for input into the water quality model, to accurately reflect the 
anticipated performance of the structural stormwater BMPs.   
 
BMP effluent concentrations are based on studies contained in the International BMP database.  
These studies are screened to remove data for undersized (i.e., inadequate design criteria) BMPs 
that are likely to have pollutant removal performance substantially less than the BMPs to be 
constructed for the Newhall Ranch Project.  This screening is believed to improve the accuracy 
of BMP performance estimates; however it is only intended to remove BMPs that are clearly 
unrepresentative in terms of sizing.  The screening process is intended to include BMPs with 
adequate performance that may not be as well designed or maintained as the structural BMPs 
that will be part of Newhall Ranch Project.  It is anticipated that the BMPs for the Newhall 
Ranch Project will perform as well, if not slightly better than, the projected performance based 
on the database.  A major issue in the use of the International Database is representativeness for 
semi-arid climates. In this respect the database contains sites from different climates, but does 
include a number of sites from semi-arid climates, including data for over 40 sites studied by 
Caltrans. 
 
Conclusions:  The runoff coefficient, land use type and area, land use percent imperviousness 
and BMP performance model input parameters are thought to be reasonably accurate 
representations of the site conditions and do not increase the conservativeness of the water 
quality model.  The rainfall data and stormwater pollutant EMC estimates are believed to result 
in conservative estimates of stormwater runoff volumes, pollutant concentrations and therefore 
pollutant loads.  Overall the predevelopment model input parameters likely result in a slight 
underestimation of estimated loads and concentrations in the existing condition. The water 
quality estimates for the developed project condition are also believed to be conservative (i.e., 
tend to overestimate loads and concentrations) due to pollutant concentration estimates, and 
BMP performance estimates that in general do not include the benefits of site design or source 
control BMPs that are planned to be implemented in the Newhall Ranch Project. 
 

1.3. Model Methodology 

A Monte Carlo simulation method was used to develop the statistical description for storm water 
quality.  In this approach, the storm water characteristics from a single rainfall event are first 
estimated.  The rainfall depth was determined by randomly sampling from the historical rainfall 
depth frequency distribution.  Similarly, an EMC was determined by randomly sampling from 
the frequency distribution of EMCs. The rainfall volume and EMC were used to determine 
runoff volume, pollutant concentration, and pollutant load of the single storm event.  BMP 
volume reduction and performance (effluent quality), determined by randomly sampling from the 
developed frequency distributions, were used to calculate the pollutant removal resulting from 
treatment in the BMP system.  This procedure was then repeated thousands of times (20,000), 
recording the volume, EMC and load from each randomly selected storm event, including 
treatment for the developed project condition.  The statistics of these recorded results provide a 
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description of the average characteristics and variability of the volume and water quality of storm 
water runoff.   
 

• Total Suspended Solids (sediment) 
• Total Phosphorus 
• Ammonia 
• Nitrate 
• Nitrite 
• Total Nitrogen1 
• Dissolved Copper  
• Total Lead 
• Dissolved Zinc 
• Chloride 

 
The steps in the Monte Carlo Water Quality Model are as follows:  
 

1. Develop a statistical description of the number of storm events per year, and randomly 
select a number Nstorms.  

2. Estimate the volume of storm runoff for each land use area from a randomly selected 
storm event. 

3. Randomly select a pollutant concentration in storm runoff for each land-use area and 
each pollutant. 

4. Calculate the total runoff volume, pollutant load, and concentration in runoff from the 
modeled portion of the project, for both existing and developed conditions. 

5. Calculate a total annual pollutant load by repeating steps 2-4 Nstorms times, where Nstorms 
is the number of storms per year, randomly selected in step 1.  

6. Repeat steps 1 - 6 a total of 20,000 times for each pollutant modeled, recording the 
estimated pollutant concentration and annual load for each iteration. 

7. Develop a statistical representation (mean annual value) of the recorded storm water 
pollutant loads and concentrations.   

 

Each of the seven steps is described below. 
 

                                                 
1 TKN is modeled, but the results are not reported. Total Nitrogen results are reported from the sum of nitrate, 
nitrite, and TKN. 
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1.3.1. Storms & Stormwater Runoff (steps 1 & 2) 
 
Step 1 – Statistical Representation of Number of Storm Events per Year 
 
Number of Storms per Year 
The number of storm events per year was calculated for the 35 complete years in the available 
period of record from 1969 – 2003.  The modeled average number of storm events per year (> 
0.1 inches) was 15.4, with a standard deviation of 6.2.  Figure 1-11 illustrates a frequency 
histogram of the number of storm events per year at the Newhall gauge.  The number of storm 
events per year was modeled with a normal distribution. In the simulation, the number of storms 
per year was determined by randomly sampling from the normal distribution and rounding to the 
nearest whole number, using the equation: 

Nstorms = 15.4 + 6.2 RN  
where:  

RN = a standard normal variant with a mean of 0 and a standard deviation of 1. 
 
If the arbitrary number of storms per year was zero or negative, then the normal distribution was 
re-sampled until a positive number was obtained. 
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Figure 1-11: Distribution of Storms per Year at the Newhall Gauge 

 
Step 2 – Estimate the Volume of Storm Runoff from a Storm Event. 
The runoff volume from each storm was estimated using the following equation: 

 V=RvPA (5) 
where: 
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V  = the stormwater runoff volume (ft3) 

P = the rainfall depth of the storm (ft) 

A = the drainage area (ft2) 

Rv = the mean volumetric runoff coefficient, a unit-less value that is a function of the 
imperviousness of the drainage. 

 
For sub-basins that contain multiple land-use types, the total stormwater runoff volume is 
determined as the sum of runoff from each land-use type: 

 Vwshed = Σlu Vlu = Σlu (Rv lu PAlu) (6) 
where lu designates the land-use type.  It is assumed that rain falls uniformly over all land-uses 
in the sub-basin.   
 
The steps used to calculate the volume of runoff from a randomly selected storm event were: 
 

Step 2a Obtain a rainfall depth by randomly sampling from the 538 storm events. 
Step 2b For each land-use area calculate a runoff volume using equation (5).  The same 

rainfall depth is applied to each land-use area. 
Step 2c Sum the runoff volumes from each land-use area to obtain the total runoff from 

the watershed for a particular storm event with equation (6). 
 

1.3.2. Pollutant Loads & Concentrations (step 3 & 4) 
 
Step 3 – Estimate a Pollutant Concentration in Storm Runoff from Each Land Use Area 
 
Runoff Concentration 
The distribution of land use-based pollutant concentration in storm runoff was developed based 
on the process described in Section B.2.4.3.  For each storm event, stormwater EMCs were 
sampled randomly for each modeled land use and water quality parameter.  The runoff 
concentration from each land-use area was evaluated with the expression: 
 ( )Nxxuseland RC lnlnexp σμ +=−  (7) 

where: 
xlnμ  = the log-normal mean  

xlnσ  = the log-normal standard deviation   

NR  = a standard normal random variable   
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Step 4 – Calculate the Total Runoff Volume, Pollutant Load, and Pollutant Concentration 
in a Storm Event 
 

Step 4A - The total runoff volume in the watershed was calculated with equation (6) as 
discussed in Step 2: 
 useilanduselanduselandwshed VVVV −−− +++= K21  (8) 
where the same randomly selected rainfall event was used to calculate runoff volume in each 
of the land-use areas. 
 
Step 4B - The total pollutant load from the watershed was calculated by: 
 useilanduseilanduselanduselandwshed CVCVL −−−− ++= K11  (9) 
where the concentration in each individual land-use area was calculated with equation (7) 
discussed in step 3. 
 
Step 4C - The average pollutant concentration in runoff from the entire watershed from a 
single storm event was calculated by dividing the total watershed load (Step 4B) by the total 
watershed runoff volume (Step 4A): 
 wshedwshedwshed VLC /=  (10) 
 

Model steps up to 4C (Eq 10) were used in the model calculations for catchments with and 
without modeled BMPs.  The resulting values from Equation 9 and Equation 10 represent the 
end model output for catchments without modeled BMPs and represent intermediate calculations 
for catchments with modeled BMPs 
  
Catchments with treatment BMPs used additional calculations to determine the reduction in 
pollutant load and concentration achieved with treatment BMPs.  The fraction of stormwater 
runoff receiving treatment was calculated for each storm event, using the capture efficiency 
associated with that event, as described in Section B.2.5.    BMP performance was modeled using 
a randomly selected effluent concentration achieved within the BMP for each water quality 
pollutant.   
 

Step 4D - The total pollutant load from watersheds with treatment BMPs was calculated by: 
 ( )[ ] ( )[ ]wshedwshedeffwshedBMPswshed CVCapVRCVCapL ××−+−×××= %%_ 1%1  (11) 
where: 

%Cap  is the volumetric percent capture of the BMP.   

Ceff is the randomly determined effluent concentration from the BMP.  Ceff was 
determined from sampling from the lognormal distribution described by the 
parameters contained in Table B-16. 

VR%  is the percent reduction in effluent volume achieved by the BMP (see Section 
B.2.5.1.3). 
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 Vwshed and Cwshed were calculated per Steps 4A and 4C, respectively  

 

Step 4E - The average pollutant concentration in runoff from the entire watershed with 
treatment from a single storm event was calculated by dividing the total watershed load with 
treatment by the total watershed runoff volume less the volume lost in BMPs: 
 BMPswshedBMPswshedBMPswshed VLC ___ /=  (12) 
where:  

( )[ ]%1 %_ VRCapVV wshedBMPswshed ×−×=         (13) 
 
The results of step 4D (Eq 11) and step 4E (Eq. 12) were used to compute model results for 
developed conditions with treatment. 
 
Figure 1-12 provides a diagrammatic representation of these water quality calculations.   
 

 
Figure 1-12: Diagrammatic representation of water quality calculations. 

 

Lpost-BMP = Vpost-BMP x Ceff

 
BMP 

Vcaptured = Vwshed x Cap% 

Vwshed = Σland uses [Rv x P x Aland use] 

Vwshed-BMPs= Vpost-BMP + Vbypass 

Lwshed = Σland uses [Vland use x Cland use]  

Lcaptured = Lwshed x Cap% 
Vbypass = Vwshed x [1-Cap%] 

Lbypass = Lwshed x [1-Cap%] 

Vpost-BMP = Vcaptured x [1-VR%] 
Lwshed-BMPs= Lpost-BMP + Lbypass 

Lwshed-BMPs= [Cap% x Vwshed x Ceff x (1-VR% )] + [(1-Cap%) x Vwshed x 

Cwshed-BMPs= Lwshed-BMPs / [Vwshed x (1- {Cap% x VR% })]

  C = Pollutant Concentration 
  Ceff = Effluent Concentration from BMP 
  CAP% = Percent capture of runoff by BMP 
  VR% = Percent volume reduction / loss  
               (from infiltration and evaporation) 
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1.3.3. Annual Pollutant Loads, Concentrations, and Distributions (steps 5, 6, & 7) 
 
Step 5 – Calculate a Total Annual Pollutant Load 
The annual pollutant load is simply the sum of pollutant loads generated from all storms in a 
given year, based on the random selection described in Step 1. Therefore, steps 2-4 were 
repeated Nstorms times (where Nstorms was randomly selected per step 1), recording the total 
pollutant load from each randomly selected storm event.  The individual storm loads were 
summed to obtain the total annual pollutant load. 
 
Step 6 & 7 – Determine Distribution of Storm Concentration and Annual Loads 
Steps 1-5 were repeated a total of 20,000 times, recording the pollutant concentration and annual 
load from each iteration.  The resultant distributions can be used to present a frequency 
distribution for pollutant concentrations or loads using statistics calculated from the 20,000 
Monte-Carlo iterations. 
 

1.3.4. Model Methodology Assumptions 
The following five key assumptions are made for the Monte Carlo water quality modeling 
methodology: 

1. The assumed probability distributions of model parameters; 
2. The assumption of independence between model parameters (i.e. no correlation between 

randomly determined variables); 
3. Assigning a Lower Limit to BMP Effluent Concentrations;  
4. Limiting pollutant removals to pollutants with data; and 
5. Modeling structural BMPs to only remove pollutants and not acting as a source. 

 
The implications of each of these assumptions to the water quality projections are discussed 
below.  
 
1) Distribution Assumptions:  Probability distributions are assumed to represent the number of 
storms per year, stormwater pollutant concentrations, and BMP effluent concentrations.  
Observed rainfall data (i.e., storm frequency) and stormwater monitoring data are fit with either a 
normal or lognormal distribution using standard statistical procedures.  The values of storms per 
year, rainfall depth, runoff pollutant concentration, and BMP effluent concentrations used in 
given iteration in the Monte Carlo analysis are governed by the selected distributions. Large 
samples of these estimated variables will approximate the assumed distributions, and will have 
the same mean and variance that was observed in the rainfall and monitoring data.  The 
following describes the distributions for various input parameters.  
 
Storms per Year:  Figure 1-11: Distribution of Storms per Year at the Newhall Gauge shows the 
number of storms per year occurring at the Newhall rain gauge (augmented with data from the 
San Fernando gauge).  The number of storms occurring per year at the Newhall gauge appears to 
lie between the normal and lognormal distributions.  The normal distribution was used to 
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determine the number of storms per year simulated in the water quality model, as use of the 
lognormal distribution would overestimate the average annual rainfall, as well as its variability, 
when the distribution of the data is not heavily skewed.  As discussed in Section 1.2.6, use of 
rainfall data collected at the Newhall gauge already tends to overestimate the average annual 
rainfall for the Project site.  When using the normal distribution to randomly determine the 
number of storm per year, the resulting average annual rainfall output from the water quality 
model is typically in the range of 17.9 to 18.0 inches per year.  This is in close agreement with 
the average annual rainfall from runoff producing storms of 17.9 inches determined directly from 
the rainfall data (see Table 1-1).   
 
Stormwater Pollutant Concentrations:  The Shapiro-Wilk Test was used to determine the 
statistical distribution that best represents the raw stormwater runoff monitoring data collected in 
Los Angeles and Ventura Counties.  In most instances the data were found to be log-normally 
distributed at a confidence level of 0.10.  In some instances, the data were not well fit by either 
the normal or lognormal distributions, but were found to be more closely approximated by the 
log-normal distribution.  For data sets with greater than 50 percent non-detects or that were not 
log-normally distributed according to the Shapiro-Wilk test, data were analyzed (ROS and 
bootstrap) in arithmetic space as to not unreasonably overestimate the standard deviation of the 
data set.  Since stormwater pollutant concentrations, in general, tend to be well approximated by 
the lognormal distribution (Helsel and Hirsh, 2002), the data sets that did not meet the lognormal 
criterion are still believed to belong to a log-normally distributed population, but the number of 
data points is too few to statistically confirm that this is the case.  Therefore, simulations of 
stormwater concentrations in the water quality model were still conducted in lognormal space.  
This assumption is believed to result in a more accurate prediction than would the application of 
the normal distribution. 
 
BMP Effluent Concentrations:  Goodness-of-fit tests conducted on the raw BMP effluent 
monitoring data from the International BMP Database with the Shapiro-Wilk Test either resulted 
in (1) confirmation of the appropriateness of the lognormal distribution for the data; or (2) in the 
instances when the data did not meet the significance criteria of a p value > 0.1, that the data 
were more closely approximated with the lognormal distribution than the normal.  The use of the 
lognormal distribution to represent BMP effluent concentrations results in higher average 
estimates of BMP effluent concentration.  This is believed to be a more accurate estimation of 
BMP performance than use of the normal distribution, and is considered a more conservative 
assumption (leading if anything to higher than anticipated effluent concentrations).   
 
2) Assumption of No Correlation between Model Parameters:  The water quality model 
randomly samples for stormwater pollutant concentrations independent of the storm depth or 
antecedent dry period.  The validity of this assumption is supported by analyses conducted by 
Environmental Defense Sciences (2002) who did not find a strong correlation between rainfall 
volume and event mean concentrations (EMCs) in the LA County data for the education land-use 
site.  Data analyses for the single family residential land use were found to be weakly correlated 
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(R2 of 0.6 ± 0.1) for some pollutants with storm depth; however some pollutant showed little 
correlation between these variables.  Where weak correlations were present, stormwater pollutant 
concentrations decreased with storm size  
 
Correlations between pollutant concentration and antecedent dry period were similarly variable.  
For the single family land use correlations between pollutant concentration and antecedent dry 
period were moderately significant for a few pollutants (R2 of 0.8 ± 0.03), and weak for other 
pollutants.  Correlations between pollutant concentration and antecedent dry period varied 
widely for the educational and multi-family land uses.   
 
The results of these analyses indicated that no consistent level of correlation was determined 
between the stormwater EMCs and the rainfall depth or the antecedent dry period where a 
significant correlation was found to exist; most pollutants and land-uses showed weak 
correlations or no correlation.  On this basis, stormwater pollutant concentrations are sampled 
independent of storm depth and antecedent dry period in the water quality model.   
 
Effluent concentrations are considered more reliable estimator of treatment performance than 
percent removal (Strecker et al. 2001).  BMP effluent concentrations were sampled 
independently of stormwater concentrations (i.e. influent concentration to the BMP) in the water 
quality model.  As with the pollutant EMCs, independent sampling of effluent concentrations 
preserves the mean and standard deviation in the monitoring data. 
 
3) BMP Performance – Irreducible Pollutant Effluent Concentrations:  When sampling from the 
lognormal distribution to estimate BMP performance with an effluent concentration it is possible 
to select values approaching or equal to zero.  While well functioning BMPs are capable of 
achieving high rates of pollutant removal, it is generally accepted that BMPs cannot completely 
remove pollutants from the water column.  In effect BMPs, at best, can achieve what is called an 
"irreducible pollutant concentration" (Schueler, 1996).  In an effort to prevent overestimating 
BMP performance in the model, lower limits were set for the effluent concentrations of each 
modeled pollutant and BMP.  The lowest observed effluent value in each pollutant data set was 
used as the irreducible pollutant effluent concentration in the water quality model.   
 
4) BMP Performance – Limiting Pollutant Removal Estimates to Available Data:  Table 1-12:  
Summary of Lognormal Effluent Quality Statistics & Arithmetic Mean Effluent Quality for 
Modeled BMPs. presents model parameters for estimating BMP pollutant effluent 
concentrations.  Pollutant removal is only simulated for those pollutants with available data from 
the International BMP Database.  In instances where data is not available for a parameter, no 
treatment is assumed for that parameter.  This does not prevent the model from calculating load 
reductions of the pollutant as a result of hydrologic source control. 
 
5) BMP Performance – BMPs are not a Source of Pollutants:  In instances when the randomly 
determined BMP effluent concentration exceeds the modeled influent concentration, no pollutant 
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removal occurs and the effluent concentration is modified to equal the influent concentration.  
This prevents BMPs from acting as a source of pollutants in the water quality modeling.  The 
commitment to regular and effective maintenance of the stormwater BMPs provides support for 
this assumption. 
 
Conclusions:  The above assumptions are expected to improve the accuracy of the water quality 
model estimates.  The net result for the model outputs are somewhat conservative estimates of 
pollutant loads and concentrations due to estimation of model input parameters that are not 
compromised by the model methodology.  

1.4. Model Reliability 

Factors that affect model reliability include variability in environmental conditions and model 
error. To account for environmental variability, a statistical modeling approach was used that 
takes into account the observed variability in precipitation from storm to storm and from year to 
year. The model also takes into account the observed variability in water quality from storm to 
storm, and for different types of land uses.  One way to express this variability is the coefficient 
of variation (COV) which is the ratio of the standard deviation of the variable to the mean value. 
Based on the statistical model, the range of COVs for pollutant loads was from 0.5 to 0.8 on an 
average annual basis, depending on the pollutant. This variability, or greater, is expected in 
typical storm water runoff. 
 
Model error relates to the ability of the model to properly simulate the processes that affect storm 
water runoff, concentrations, and loads. Ideally model error is measured through calibration, but 
calibration is not feasible when considering a future condition. We are confident that the model 
is a reasonable reflection of storm water processes because the model relies largely on measured 
regional data. For example, the runoff water quality data are obtained from a comprehensive 
monitoring program conducted by LA County that has measured runoff concentrations from a 
variety of land use catchments and for a statistically reliable number of storm events.  In addition 
parameter estimation is fairly conservative resulting in moderately conservative estimates of 
pollutant concentrations and loads. 
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March 6, 2000            

 Hardness Calcium Magnesium Potassium Sodium Alkalinity Sulfate Chloride Nitrate E.Coli TDS 
Newhall Ranch 

Monitoring Station mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L MPN/100 
mL 

mg/L 

            
A-Mouth of Potrero 2360 324 378 30 1360 400 3690 780 16.1 8160 7530 
B-Mouth of San Martinez 1070 229 122 8 392 210 1520 130 2.8 3090 2690 
D-Mouth of Middle Canyon 44 11 4 6 9 30 16 3 12.4 133 160 
E-Top of Chiquito Canyon 61 18 4 8 13 40 37 9 2.6 213 150 
            
            
 Boron Copper Iron Manganese Zinc Aluminum Arsenic Barium Berylium Cadmium Chromium 
 mg/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L 
            
A-Mouth of Potrero 2.6 20 4770 880 50 4570 5 155 0.6 0.4 7 
B-Mouth of San Martinez 0.8 150 51500 4230 300 44000 21 391 7 8.8 47 
D-Mouth of Middle Canyon  10 1290 350 30 2230  136 0.4 0.4 2 
E-Top of Chiquito Canyon  40 11700 970 150 6280 3 210 1.4 1 10 
            
            

 Lead Mercury Nickel Selenium Total 
Coliform 

Fecal 
Coliform 

TSS VS pH   

 ug/L ug/L ug/L ug/L MPN/100ml MPN/100ml mg/L mg/L    
            
A-Mouth of Potrero 8 0.01 22 12 50000 1600 1180 32800 8.2   
B-Mouth of San Martinez 47.7 0.06 180 11 160000 1700 28000 40000 8   
C-1/2 Mile Upstream of 
Onion Field     90000 11000      

D-Mouth of Middle Canyon 7.7 6   >160000 >160000 600 4100 7.5   
E-Top of Chiquito Canyon 19.1  25  2400 2400 3490 9300 7.1   
            
            
SS = suspended solids            
VS = volatile solids            
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March 8, 2000            
 Hardness Calcium Magnesium Potassium Sodium Alkalinity Sulfate Chloride Nitrate E.Coli TDS 

Newhall Ranch 
Monitoring Station mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L MPN/100 

mL 
mg/L 

            
A-Mouth of Potrero 2090 266 347 39 1470 360 3700 960 18.8 6470 7230 
B-Mouth of San Martinez 1340 304 142 10 413 210 1900 120 3.1 2430 2960 
C-1/2 Mile Upstream of 
Onion Field 147 44 9 3 10 80 87 3 1.6 323 190 

D-Mouth of Middle Canyon 73 21 5 6 10 40 17 3 18.1 162 160 
E-Top of Chiquito Canyon 153 43 11 11 18 70 119 12 2.9 420 260 
            
            
 Boron Copper Iron Manganese Zinc Aluminum Arsenic Barium Berylium Cadmium Chromium 
 mg/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L 
            
A-Mouth of Potrero 2.9 10 2460 510 30 1580 5 94.4 0.3 0.2 4 
B-Mouth of San Martinez 0.8 200 47500 5210 360 69700 27 573 20 13.6 70 
C-1/2 Mile Upstream of 
Onion Field  170 44600 6950 330 85100 13 2360 14 2 39 

D-Mouth of Middle Canyon   1510 300 30 2300  132 0.5 0.4 2 
E-Top of Chiquito Canyon  100 30700 2110 300 2360 6 470 4.4 2.7 27 
            
            

 Lead Mercury Nickel Selenium Total 
Coliform 

Fecal 
Coliform TSS VS pH TOC Diazinon 

 ug/L ug/L ug/L ug/L MPN/100ml MPN/100ml mg/L mg/L  mg/L ug/L 
            
A-Mouth of Potrero 4.2 0.03 15 12 30000 7000 490 850 8.2 21.2 ND 
B-Mouth of San Martinez 59.2 0.24 330 11 >160000 205 54200 1840 7.8 11.6 ND 
C-1/2 Mile Upstream of 
Onion Field 95.2 0.45 103 4 160000 1600 36000 1460 8.1 9.4 4 

D-Mouth of Middle Canyon 7.6 0.02 6  50000 2400 10700 160 7.9 4 ND 
E-Top of Chiquito Canyon 54.5 0.14 64 2 >160000 160000 9800 750 8 15.5  
            
SS = suspended solids            
VS = volatile solids            
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SUMMARY 

Available data from Southern California watersheds demonstrate that both existing and EPA-
recommended bacteria water quality criteria are routinely exceeded in fresh water creek and river 
flows, often by one or more orders of magnitude.  Exceedances of criteria occur even for flows from 
largely natural, undeveloped watersheds with little human influence.  Even in urbanized watersheds, 
there is strong evidence that the predominant source of indicator bacteria may be natural (not 
anthropogenic) – including, for example, bacteria from wildlife, birds, and regrowth within the 
environment, including sediments.  Both measurement data and numerous literature sources have 
shown that both wet and dry weather bacteria concentrations frequently exceed objectives in creeks 
and rivers, and that bacteria concentrations rise dramatically during wet-weather periods.   

 
Data from Orange County coastal watersheds indicate that although bacteria in storm water 

runoff may be elevated within urban storm drain systems, the level of development within these 
watersheds has little if any effect on the concentrations of indicator bacteria in the receiving waters.  
These results are consistent with data from other watersheds within Orange County and in other 
parts of Southern California.  No clear trend is evident in bacteria concentrations over time, with 
concentrations remaining relatively steady, even in areas where land use characteristics have 
changed over time.  Both the concentrations of bacteria in runoff and the impacts of elevated 
bacteria concentrations on downstream water quality appear to vary by site and with the size of the 
contributing stream, and thus are likely a function of the dominant sources of bacteria, local 
hydrologic conditions and climate, and other site-specific factors.   
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INTRODUCTION 

 Flow Science was retained by The Irvine Company to review available data and information 
on the concentrations of indicator bacteria in storm water and dry weather runoff.  The goals of this 
study were to evaluate variations in the concentrations of bacteria during both wet and dry 
conditions, variations in bacteria levels with the level of development in a watershed or drainage 
area, changes in bacteria levels over time or with changes in development or land use areas, and the 
sources of bacteria in runoff and in receiving waters. 

 
In conducting the analysis, Flow Science utilized water quality criteria and thresholds to 

evaluate available data.  These thresholds were obtained from the Water Quality Control Plan (Basin 
Plan) for the Santa Ana Region, which contains fecal coliform water quality objectives for inland 
surface waters that apply to the beneficial uses of water contact recreation (REC-1)1 and non-water 
contact recreation (REC-2)2, from proposed EPA water quality criteria, and from Title 17 “beach 
posting” thresholds.  These thresholds are discussed in greater detail below.   

 
Flow Science evaluated data on bacteria concentrations in Southern California.  Data were 

available for watersheds along the Newport Coast, for inland watersheds, and from Los Angeles 
County.  In addition, Flow Science reviewed literature and studies conducted by others. 

 

BACKGROUND: BACTERIA WATER QUALITY STANDARDS 

The Basin Plan bacteria objectives currently contained in the Santa Ana Basin Plan were 
originally developed by the National Technical Advisory Committee (NTAC) to the Federal Water 
Pollution Control Administration in 1968.3  These recommendations were based upon prospective 

                                                 
1 See Basin Plan at p. 4-6:  “REC-1  Fecal coliform: log mean less than 200 organisms/100 mL based on five or more 
samples/30 day period, and not more than 10% of the samples exceed 400 organisms/100 mL for any 30-day 
period.” 
 
2 See Basin Plan at p. 4-6:  “REC-2  Fecal coliform:  average less than 2000 organisms/100 mL and not more than 
10% of samples exceed 4000 organisms/100 mL for any 30-day period.” 
 
3 See Water Quality Criteria, a Report of the National Technical Advisory Committee to the Secretary of the 
Interior, Federal Water Pollution Control Administration:  Washington, D.C., April 1, 1968, at p. 8 and p. 12: 
 
“Surface waters should be suitable for use in “secondary contact” recreation – activities not involving significant 
risks of ingestion – without reference to official designation of recreation as a water use.  For this purpose, in 
addition to aesthetic criteria, surface waters should be maintained in a condition to minimize potential health hazards 
by utilizing fecal coliform criteria.  In the absence of local epidemiological experience, the Subcommittee 
recommends an average not exceeding 2,000 fecal coliforms per 100 ml and a maximum of 4,000 per 100 ml, except 
in specified mixing zones adjacent to outfalls.” 
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epidemiological studies conducted by the United States Public Health Service in 1948, 1949, and 
1950.  These studies found an “epidemiologically detectable health effect” at levels of 2300 to 2400 
coliforms per 100 ml at bathing beaches on Lake Michigan (at Chicago) and in the Ohio River.  
Later work conducted in the mid-1960s showed that approximately 18% of the coliforms present in 
the mid-1960s at the Ohio location belonged to the fecal coliform subgroup.  The recreational 
contact water quality criteria suggested by the committee were based upon the fraction of coliforms 
present as fecal coliforms and a factor of safety of two. 
 
 The fecal coliform standards recommended in 1968 were adopted by many states and 
municipalities and remain in use in many locations (including in the Santa Ana Region).  Several 
studies conducted since 1968 have questioned these criteria and recommended use of alternatives.4  
As early as 1972, a Committee formed by the National Academy of Science-National Academy of 
Engineers noted the deficiencies in the study design and data used to establish the recreational fecal 
coliform criteria, and stated that it could not recommend a recreational water quality criterion 
because of a paucity of valid epidemiological data (Committee on Water Quality Criteria, 1972). 
  
 In response to these concerns, EPA in 1972 initiated studies at marine and freshwater bathing 
beaches that were designed to correct the deficiencies in the earlier studies and analyses.  These 
studies were conducted at sites contaminated either with pollution from multiple point sources 
(usually treated effluents that had been disinfected) or by effluents discharged from single point 
sources.  The studies examined three bacterial indicators of fecal pollution (E. coli, enterococci, and 
fecal coliforms) and found that fecal coliform densities showed “little or no correlation” to 
gastrointestinal illness rates in swimmers.  In contrast, a good correlation was found between 
swimming-associated gastrointestinal symptoms and either E. coli or enterococci in swimming 
waters (Dufour, 1984).  Based on these studies, EPA in 1986 proposed section 304(a) criteria for full 
body contact recreation based upon E. coli and/or enterococci but noted that “it is not until their 
adoption as part of the State water quality standards that the criteria become regulatory” (USEPA, 
1986). 
 
 EPA’s current recommendations for bacteria water quality objectives (USEPA, 2003) include 
the use of E. coli and/or enterococci as the basis for water quality criteria to protect fresh 
recreational waters and the use of enterococci as the basis for marine water quality criteria.  The 
EPA recommends that the use of fecal coliform be discontinued for both freshwater and marine 

                                                                                                                                                             
 
“Fecal coliforms should be used as the indicator organism for evaluating the microbiological suitability of recreation 
waters.  As determined by multiple-tube fermentation or membrane filter procedures and based on a minimum of not 
less than five samples taken over not more than a 30-day period, the fecal coliform content of primary contact 
recreation waters shall not exceed a log mean of 200/100 ml, nor shall more than 10 percent of total samples during 
any 30-day period exceed 400/100 ml.” 
 
4 For a summary of these studies, see the discussion provided on pages 1-3 of the Ambient Water Quality Criteria for 
Bacteria – 1986, USEPA 440/5-84-001, January 1986. 
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waters.  EPA’s recommendations recognize that bacteria concentrations are quite variable and are 
best characterized in terms of a probability distribution.  Because bacteria concentrations tend to 
follow log-normal distributions, EPA’s current recommendations specify that compliance should be 
based upon geometric means computed with data collected over a long-term (e.g., 30 days, or 
seasonally) and “upper percentile values,” clarifying that compliance should not be determined using 
“single sample maximum” values.  Upper percentile values are calculated bacteria densities that are 
intended to correspond to a known geometric mean-based risk level, and are intended to be used to 
interpret any single measurement.  EPA recommends that states acquire enough sample data to 
calculate site-specific upper percentile values to characterize water quality for waters where 
exposure is greatest (e.g., bathing beaches).  EPA’s recommended water quality criteria for 
freshwater and marine waters are presented in Tables 1 and 2. 

 

Table 1.  Water quality criteria for bacteria recommended by EPA for fresh recreational 
waters 

Upper Percentile Value Allowable Density [per 100 ml] Risk levela 
[% of 

swimmers] 

Geometric 
mean 

density [per 
100 ml] 

75th 
percentile 

82nd 
percentile 

90th 
percentile 

95th 
percentile 

Enterococci criteria 
0.8 33 62 79 107 151 
0.9 42 79 100 137 193 
1.0 54 101 128 175 247 

E. coli criteria 
0.8 126 236 299 409 576 
0.9 161 301 382 523 736 
1.0 206 385 489 668 940 

a) The risk level corresponds to the anticipated excess illness rate.  For example, a risk level of 0.8% is believed to 
correspond to an illness rate of 8 gastrointestinal illnesses per 1,000 swimmers in excess of background illness rates. 
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Table 2.  Water quality criteria for enterococci recommended by EPA for marine 
recreational waters 

Upper Percentile Value Allowable Density [per 100 ml] Risk levela 
[% of 

swimmers] 

Geometric 
mean 

density [per 
100 ml] 

75th 
percentile 

82nd 
percentile 

90th 
percentile 

95th 
percentile 

0.8 4 13 20 35 63 
0.9 5 16 24 42 76 
1.0 6 19 29 50 91 
1.1 8 23 35 61 110 
1.2 9 28 42 73 133 
1.3 11 34 51 89 161 
1.4 14 41 62 107 195 
1.5 17 49 75 130 235 
1.6 20 60 91 157 284 
1.7 24 72 109 189 344 
1.8 29 87 132 229 415 
1.9 35 105 160 276 502 

a) The risk level corresponds to the anticipated excess illness rate.  For example, a risk level of 0.8% is believed to 
correspond to an illness rate of 8 gastrointestinal illnesses per 1,000 swimmers in excess of background illness rates. 
 

The Santa Ana Region currently continues to utilize fecal coliform bacteria to assess water 
quality applicable to recreational beneficial uses.  However, the Santa Ana Regional Board is 
currently conducting a triennial review of its Basin Plan, and is including an evaluation of 
recreational beneficial use designations and water quality objectives as part of the Basin Plan update 
process.  We currently anticipate that the Santa Ana Regional Board will likely update fresh water 
bacteria water quality objectives; updated objectives may be consistent with the recommendations 
contained in EPA’s November 2003 Implementation Guidance (see Tables 1 and 2). 
 

ADDITIONAL GUIDELINES FOR BACTERIA 

 Although not enforceable as water quality objectives, Orange County beaches and bays are 
“posted” and access may be restricted when exceedances of certain bacteria levels are observed.  
The “posting” levels are described in Title 17 of the California Code of Regulations, Section 7958 
(Bacteriological Standards):  
 
 The minimum protective bacteriological standards for waters adjacent to public beaches 
and public water-contact sports areas shall be as follows: 
 
(1) Based on a single sample, the density of bacteria in water from each sampling station at a 
public beach or public water contact sports area shall not exceed:  
 (A) 1,000 total coliform bacteria per 100 milliliters, if the ratio of fecal/total coliform  
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  bacteria exceeds 0.1; or 
 (B) 10,000 total coliform bacteria per 100 milliliters; or 
 (C) 400 fecal coliform bacteria per 100 milliliters; or 
 (D) 104 enterococcus bacteria per 100 milliliters.  
 
(2) Based on the mean of the logarithms of the results of at least five weekly samples during any 
30-day sampling period, the density of bacteria in water from any sampling station at a public 
beach or public water contact sports area, shall not exceed:  
 (A)  1,000 total coliform bacteria per 100 milliliters; or  
 (B)  200 fecal coliform bacteria per 100 milliliters; or 
 (C)  35 enterococcus bacteria per 100 milliliters. 

 

COMPARISON LEVELS USED IN THIS REPORT 

 Flow Science used the following numeric values in analyzing available bacteria data: 

Fecal Coliform (from existing Santa Ana Basin Plan water quality standards and Title 17 beach 
“posting” requirements): 

• Single Sample: 400 MPN (or CFU)/100mL5.   
• Geometric Mean: 200 MPN (or CFU)/100mL.   

 
Enterococci (from EPA-recommended criteria): 

• Single Sample: 247 MPN (or CFU)/100mL.   
• Geometric Mean: 54 MPN (or CFU)/100mL.   

 
Total Coliform (from Title 17 beach “posting” requirements): 

• Single Sample: 10,000 MPN (or CFU)/100mL. 
• Geometric mean: 1,000 MPN (or CFU)/100mL. 

 
 Enterococci criteria used by Flow Science in this report correspond to a proposed 1.0% 
acceptable risk level, 95th percentile, while fecal and total coliform criteria correspond to beach 
posting levels.  Of course, the beach “posting” requirements apply at the beach, not in upstream 
freshwater flows, but the numeric values provide a useful threshold value against which data can be 
compared.   

                                                 
5 Basin Plan specifies no more than 10% of single samples to exceed this value 
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MONITORING DATA AND RESULTS 

Flow Science examined data on bacteria concentrations from a variety of sources in the 
Santa Ana Region, including streams in coastal watersheds, the Santa Ana River, and inland 
streams.  Data sources included: 

 
• Bacteria concentrations in stream flows from Orange County coastal watersheds 
• Bacteria concentrations in freshwater bodies in the Santa Ana region 
• Bacteria concentration in runoff samples collected by the Los Angeles County 

Department of Public Works 
 
Data from each of these sources are examined in greater detail below. 

 
 

Review of Data from Orange County Coastal Watersheds 

Flow Science has reviewed data from Orange County samples collected between 1986 
through 2004.6  Figures for Orange County coastal watersheds are shown in Appendix A; watersheds 
and data collection locations are shown in Figures A1- 2.  Figures A3, A4, and A5 present long-term 
geometric mean concentrations, calculated as the geometric mean concentration of all available 
samples (including both wet and dry weather samples) for the period of record, of enterococci, fecal 
coliforms, and total coliforms, respectively.  As shown in Figure A3, long-term geometric mean 
concentrations of enterococci exceed EPA’s proposed freshwater enterococci water quality criteria 
in all the coastal creeks for which data were available.  Similarly, long-term geometric mean 
concentrations of fecal coliform in most Newport Coast creeks exceed existing Santa Ana Basin 
Plan REC-1 fecal coliform water quality criteria.  Figures A6, A7, and A8 present long-term 
geometric mean concentrations of enterococci, fecal coliform, and total coliforms plotted against the 
percent of development within each watershed.  There is no apparent correlation for any of the three 
indicator bacteria presented in these figures with amount of the watershed that has been developed.  
Note that Figures A6 through A8 utilize the current (2005) level of development for each 
watershed.7  

 

                                                 
6 Data were obtained from http://www.ocbeachinfo.com/downloads/data/index.htm on February 11 and March 22, 
2005.  For enterococci, data were available from March 30, 1999, through December 21, 2004.  For fecal coliform 
and total coliform, data were available from January 7, 1986, through December 21, 2004.  No data were available 
for E. coli. 
 
7 The area of watershed that was developed was initially established by PBS&J in 1999 (PBS&J, 1999).  These 
values have been subsequently updated based on information received from The Irvine Company in 2005.  Two 
watersheds experienced significant development between 1999 and 2005:  the Crystal Cove Creek watershed 
increased from ~5% to ~70% developed, and the Muddy Creek watershed increased from ~1% to ~60% developed.  
The level of development within the other coastal watersheds remained approximately constant. 
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To facilitate analysis, individual samples were segregated as follows: wet-weather8, summer 
dry-weather9, and winter dry-weather.10  As shown in Figure A9, wet weather samples exceed single 
sample threshold values most frequently, regardless of which indicator bacteria are sampled (72%, 
61%, and 39% of wet-weather enterococci, fecal coliform, and total coliform samples, respectively, 
exceed single sample thresholds).  Summer dry weather samples exceed thresholds less frequently 
than wet-weather samples, and winter-dry weather samples exceed thresholds least frequently.  The 
single sample thresholds used to calculate the percent of samples in exceedance are 247, 400, and 
10,000 MPN/100mL for enterococci, fecal coliform, and total coliform, respectively.    

 
Figures A10 through A53 present the following information for each site:  a) a time-series 

scatter plot of single sample concentrations of enterococci, fecal coliform, and total coliform for the 
wet and dry weather data, b) wet and dry weather cumulative distribution functions for each bacteria, 
and c) the percentage of individual samples that exceed corresponding thresholds in each month.  
From this analysis, the following conclusions may be reached: 

 
1. Lowest geometric mean concentrations of each of the three bacteria (enterococci, 

fecal coliform, and total coliform) occurred at the Pelican Hill Waterfall station 
(watershed 95% developed, primarily golf course), and highest geometric mean 
concentrations of each bacteria occurred at the Emerald Bay Drain station (watershed 
3% developed).  In the Muddy Creek watershed, which experienced substantial 
development between 1999 and 2005 (see footnote 7), enterococci concentrations 
appear to have decreased as the watershed became more developed.  Trends were 
less evident for fecal and total coliform levels.  Similar patterns emerged in data from 
the Crystal Cove Creek watershed, the other watershed that experienced significant 
development between 1999 and 2005.  Enterococci and fecal coliform concentrations 
appear to have decreased, while any trends in the total coliform record are unclear.  
These results indicate that bacteria concentrations in creeks may decline as the level 
of development increases, and bacteria concentrations in runoff from developed 
watersheds may be lower than runoff from creeks in less developed coastal areas. 

 
2. No relationship was found between the percentage of the watershed developed and 

the long-term geometric mean bacteria concentrations (see Figures A6, A7 and A8).  
 

3. The time series plots indicate that concentrations of indicator bacteria are not 
increasing over time.  By visual inspection, bacteria concentrations may be 

                                                 
8 “Wet-weather” samples are those samples that were collected within two days of a rainfall event greater than or 
equal to 0.1 inches as measured by the Newport Beach Harbor Station. 
 
9 “Summer dry-weather” samples are defined as samples collected from April-November, but not within two days of 
rainfall greater than or equal to 0.1 inches as measured by the Newport Beach Harbor Station. 
 
10 “Winter dry-weather” samples are defined as samples collected from December-March, but not within two days of 
rainfall greater than or equal to 0.1 inches as measured by the Newport Beach Harbor Station. 
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decreasing over the data record in five catchments (Pelican Point Creek, Muddy 
Creek, Emerald Bay Drain, El Morro Creek upstream station, and Crystal Cove 
Creek).  At the remaining six stations, no apparent long-term trend in bacteria 
concentration is observed.  Very little if any correlation is evident between long-term 
trends and percentage of watershed developed, as the apparent slight decrease in 
bacteria concentrations was observed in watersheds that range from 1-95% 
developed. 

 
4. Although Figure A9 shows that taken as a whole, wet-weather samples have higher 

concentrations than dry-weather samples, data from some locations show the 
opposite trend.  At Pelican Point Creek (95% developed), dry weather concentrations 
for enterococci and fecal coliform are higher than wet weather concentrations.  At 
the Emerald Bay Drain (3% developed), fecal and total coliform dry weather 
concentrations are significantly greater than wet weather concentrations.  At El 
Morro Creek (1% developed), Broadway Creek (25% developed), and Crystal Cove 
Creek upstream station (70% developed) there is no significant difference (by visual 
inspection of Figures A34-36, A50-52, and A38-40, respectively) between wet and 
dry weather bacteria concentration distributions. 

 
5. The general observation that winter dry-weather samples on average contain fewer 

bacteria than summer dry-weather samples is evident in many of the scatter plots.  
Figures A10, A34, A38, A42, and A46 (presenting data from Pelican Point Creek, El 
Morro Creek, Crystal Cove Creek upstream, Crystal Cove Creek, and Buck Gully) 
illustrate this behavior most clearly. 

 
These results are consistent with the results from an earlier study (PBS&J, 1999) in which 

long-term geometric mean concentrations of bacteriological data from November 1996-October 
1999 were evaluated. 

 
Bacteria Concentrations in Inland Waters in the Santa Ana Region 

 As part of the activities conducted by the Stormwater Quality Standards Task Force, CDM 
has compiled bacteriological data from several agencies within the Santa Ana Region (CDM, 2005). 
 The CDM study included data collected and compiled by Orange County, the Regional Water 
Quality Control Board (Region 8), the Santa Ana Watershed Project Authority, the County of San 
Bernardino, the County of Riverside, the United States Environmental Protection Agency (EPA), the 
United States Geological Survey, and Orange County Coastkeeper.  Select figures produced by 
CDM in this study are shown in Appendix B.  CDM performed an overview analysis of all bacteria 
data collected, and reached the following broad-based and general conclusions: 

1. Concentrations of indicator bacteria in samples collected from inland water bodies 
very frequently exceed existing Basin Plan fecal coliform water quality objectives 
and EPA-proposed E. coli criteria.  
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2. Bacteria concentrations in samples obtained from upstream, largely undisturbed 

areas are typically lower than those in samples from downstream areas affected by 
urbanized land uses.  Concentrations in upstream samples are more frequently below 
water quality objectives and proposed criteria than downstream samples.   

 
3. Winter dry-weather samples are more likely to meet objectives than summer dry-

weather samples, consistent with results from the Orange County coastal watersheds. 
  

 
CDM also conducted a detailed analysis of six sites11 for which long-term data records were 

available.  These six sites exhibited varying degrees of urbanization and channel modification.  A 
map showing the locations of these six sites is shown in Appendix B as Figure B1.  Detailed results 
from these stations are reproduced in Appendix B as Figures B2 through B13.  Land use 
distributions for the areas tributary to the study sites are shown in Table 3. 

 

Table 3.  Approximate land use distributions in the watersheds of CDM’s six detailed study 
sites 

Site % 
Vacant 

% 
Residential 

% 
Commercial 

% 
Industrial 

% 
Other 

Chino Cr.a 3.2 61.3 16.7 9.7 9.1 
Santa Ana Delhi 

Channel
0.9 52.4 26.0 9.2 11.5 

Temescal Cr. 67.3 16.2 2.4 3.4 10.7 
Santa Ana R. at 

Imperial Highwayb
- - - - - 

Santa Ana R. at 
MWD Crossingc

- - - - - 

Icehouse Canyon 
Creek

100 0 0 0 0 

a) Chino Creek land use data are for portion of watershed downstream of San Antonio Dam. 
b) CDM concluded that any potential relationship between land use and bacteria concentrations in this reach of the 
Santa Ana River is likely masked by the interception of flows by Prado Dam; consequently, no data land use data 
were available in the CDM report for this site.  
c) CDM did not include land use statistics for this station in its report.  The report states that land use is “diverse…a 
combination of commercial, residential, industrial, and agricultural lands.  The upper part of the watershed includes 
natural undeveloped lands…Residential land is dispersed throughout the contributing area.” 

 

                                                 
11 The six sites examined by CDM include: Chino Creek at Schaeffer Avenue, the Santa Ana Delhi Channel, 
Temescal Creek at Lincoln Avenue, the Santa Ana River at Imperial Highway, the Santa Ana River at the 
Metropolitan Water District crossing, and Icehouse Canyon Creek in the Angeles National Forest. 
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By examining these sites in detail, CDM found the following:  
 

1. In streams where flow rate data are available, high bacteria counts are in many cases 
but not always associated with high flow events (presumably caused by rainfall).  
Bacteria concentrations in samples collected from Chino Creek at Schaeffer Avenue 
(Figure B2) and the Santa Ana Delhi Channel (Figure B3) are frequently elevated 
and do not exhibit any apparent correlation with flow rate in the channel.  In 
Temescal Creek (Figure B4) and the Santa Ana River at the MWD crossing (Figure 
B5), the data are widely scattered and patterns are difficult to detect.  In the Santa 
Ana River at Imperial Highway (Figures B6-7), data show that bacteria levels are 
elevated during high flow events and the levels remain elevated for 1-2 days after the 
high flow has receded. 

 
2. Bacteria concentrations appear to be decreasing over time at three locations (Chino 

Creek at Schaeffer Ave. (data record 2002-2004), Santa Ana River at MWD Crossing 
(data record 1984-2004), and Santa Ana River at Imperial Highway (data record 
1981-2004)).  At the other three locations, no long-term trends are apparent. 

 
3. All sites except Icehouse Canyon Creek have regularly exceeded current or proposed 

water quality objectives.  As mentioned previously, concentrations at the two Santa 
Ana River sites have shown a decreasing trend, and since 1998 most samples have 
been at or below objective levels.  Icehouse Canyon Creek, at elevation 5,100 feet in 
the Angeles National Forest, has only one sample (of 40 total samples; a fecal 
coliform measurement of 9,400 MPN/100mL) in the data record that does not 
comply with existing or anticipated water quality objectives, indicating that runoff 
from remote, undeveloped, forested catchments at higher elevations may have 
significantly lower bacteria levels than runoff from lower elevation watersheds, 
including undeveloped watersheds at lower elevations.  Figures B8-13 show, for each 
of the six sites, the percent of months in which single sample thresholds are exceeded 
when samples are classified as summer dry, winter dry, or wet-weather. 

 
Los Angeles County Monitoring Data 

 Los Angeles County has prepared an Integrated Receiving Water Impacts Report (Los 
Angeles County, 2001), which includes bacteria concentrations measured in runoff collected 
downstream of catchments that exhibited primarily single land use types.  Los Angeles County data 
for indicator bacteria for several major land use types are shown in Table 4 (adapted from Table 4-
12 of the L.A. County report). 
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Table 4.  Bacteria concentration means, medians and coefficients of variation (C.V.) from Los 
Angeles County Land Use Sites 

 Total Coliform Fecal Coliform Enterococcus 
Land Use Type Mean Median CVa Mean Median CVa Mean Median CVa 
Commercial 1,140,000 1,250,000 0.71 528,750 90,000 1.35 86,250 40,000 1.18 
Vacant 9,187 2,200 1.25 1,397 500 2.60 679 500 0.98 
High density 
S.F. residential 1,366,667 1,600,000 0.30 933,333 900,000 0.70 610,000 140,000 1.41 

Transportation 692,500 600,000 0.82 328,750 205,000 1.22 32,000 32,000 0.65 
Light industry 454,000 160,000 1.42 338,220 30,000 2.09 98,200 130,000 0.73 

a) “CV” refers to “Coefficient of Variation”, calculated by dividing the standard deviation by the mean. 

 The data shown in Table 4 demonstrate that significantly lower bacteria concentrations were 
observed in runoff from vacant land areas than in other land use types.  These data were collected by 
Los Angeles County in Sawpit Creek, downstream of Monrovia Creek, in the City of Monrovia; this 
catchment is in the San Gabriel Mountains in a very steep, sparsely vegetated area far from the 
ocean.  Low concentrations of indicator bacteria from the Sawpit Creek watershed are consistent 
with low concentrations in samples collected from Icehouse Canyon Creek, both mountainous, high 
elevation watersheds.  These results differ from observations from the Orange County coastal 
watersheds, which indicate no relationship between percentage development in a watershed and 
bacteria concentrations.  The differences are most likely due to differences in catchment 
characteristics, local climate, the numbers and types of wildlife present, or to other factors.  In any 
case, both the mean and median concentrations observed for each Los Angeles County land use type 
exceeded applicable water quality thresholds. 

 Los Angeles County also measured bacteria concentrations in several “mass emission” 
stations.  These stations were sited to capture runoff from major Los Angeles County watersheds 
that generally have heterogeneous land use, with the objective of estimating pollutant loads to the 
ocean and of identifying long-term trends in pollutant concentrations, where possible.  The mass 
emission stations include Malibu Creek (watershed 6% impervious; measurement station near 
Malibu Canyon Road), Ballona Creek (watershed 45% impervious; measurement station between 
Sawtelle Boulevard and Sepulveda Boulevard in Los Angeles), the Los Angeles River (watershed 
35% impervious; measurement station between Willow Street and Wardlow Road in Long Beach), 
and the San Gabriel River (watershed 30% impervious; measurement station below the San Gabriel 
River Parkway in Pico Rivera).   

 In addition to the land use data reported in Table 4, Los Angeles County reached a number of 
conclusions using data collected at these mass emission stations.  The following conclusions are 
cited directly from the Los Angeles County report (2001): 

• The Malibu Creek station appears to have consistently lower [bacteria] counts than other 
mass emission stations. 
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• Every wet weather mass emission bacteria sample taken exceeded the public health criteria 
for indicator bacteria.  All of the dry weather bacteria samples taken for the low flow 
diversion projects exceeded the public health criteria.  Most of the dry weather mass 
emission bacteria samples taken exceeded the public health criteria.  Wet weather flows 
contained bacteria densities at much higher levels (three to four orders of magnitude) than 
dry weather flows. 

 
• Except for 1996-97, densities observed during the first storm of each rainy season were not 

necessarily higher than during consecutive storm events, suggesting that there was no 
consistent "first-flush" effect in these watersheds. Peak densities were observed at different 
times each year. In 1995-96, the peak density at all four mass emission stations and one land 
use station coincided with the peak storm of the season. 

 
• Except for somewhat lower [bacteria] densities at Malibu Creek, there was no seasonal or 

regional consistency in cell densities. There was a very wide range of densities for all 
stations. 

 
 Consistent with data from Orange County coastal watersheds, the Los Angeles County data 
show that samples collected during wet-weather exhibit significantly higher bacteria concentrations 
than samples collected during dry weather. 
 
 

ADDITIONAL DATA ON SOURCES AND CONCENTRATIONS OF BACTERIA IN 
RUNOFF 

 Numerous additional studies and data reports have shown a correlation between elevated 
bacteria concentrations and rainfall events in Southern California.  This correlation is evident in data 
collected from a variety of environments.  For example, elevated concentrations of indicator bacteria 
have been observed during wet weather conditions at Huntington Beach (Boehm et al.,2002; Kim et 
al., 2004; Reeves et al., 2004), and northern Orange County and Santa Cruz County (Dwight et al., 
2004).   
 
 Several studies also indicate that runoff from undeveloped watersheds contains bacteria 
concentrations that exceed relevant water quality standards.  For example, storm water runoff from 
the head of the Rose Creek watershed in the San Diego Region contains levels of indicator bacteria 
well in excess of water quality objectives, even though this area is non-urban, contains no sewer 
lines or lift stations, and is restricted from public access (Schiff and Kinney, 2001).  Moore (2001) 
found that concentrations of indicator bacteria in San Juan Creek sampling stations reflecting rural 
land uses exceeded water quality criteria, and that rainfall events resulted in higher bacteria 
concentrations at both rural and urban sites than dry weather.  (Moore (2001) also found that storm 
drains can be major sources of dry weather bacteria pollution.)   
 
 The level or type of development is not necessarily indicative of bacteria levels in runoff, or 
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of the presence of human-derived bacteria.  In Mission Bay, a highly urbanized watershed, extensive 
efforts have been made to eliminate human sources of bacteria by repairing the sanitary sewer 
system and diverting dry weather flows to a local waste water treatment plant.  Source tracking 
studies suggest that human sources contribute a minor fraction of the total fecal inputs to the Bay, 
and yet violations of water quality standards continue to occur (see Colford et al., 2005, and 
references therein).  Pednekar et al. (2005) also found that changes in land use associated with the 
development of agricultural lands12 within watersheds tributary to Newport Bay did not have a 
significant impact on bacteria loads, stating “The storm loading rate of coliform…appears to be 
unaffected by the dramatic shift away from agricultural land-use.” 
 
 A number of studies have indicated that runoff from urban areas may not be the sole or even 
the primary source of elevated bacteria concentrations in receiving waters, but that such elevated 
levels may be caused by non-human sources, such as terrestrial wildlife and birds or even local 
sediments.  Studies conducted at Huntington Beach have indicated that there may be many sources 
of indicator bacteria to the surf zone, including urban runoff, flow from adjacent wetlands, birds, and 
sediments (Grant et al., 2001).  A recent study by Noblet et al. (2004) indicates that birds may be the 
source of high concentrations of indicator bacteria at the mouth of the Santa Ana River and in the 
nearby surf zone, and suggested that local sediments may be the source of fecal steroids, indicating 
the presence of fecal-associated material in the sediments.  Another study by the Los Angeles 
Regional Water Quality Control Board (2004) erected a bird exclusion structure on Cabrillo Beach, 
and found that bacteria levels below the structure were reduced up to 60% compared to levels 
measured outside the structure, while exceedances of water quality standards were reduced by 65% 
below the structure.  The Los Angeles Regional Board also reported that “high bacterial densities 
may be largely from the beach itself.” 
 

Other studies have provided additional evidence that the bacteria found in creeks may result 
from natural, not urban, sources.  Orange County recently studied the efficacy of several best 
management practices (BMPs) for reducing bacteria concentrations in Aliso Creek, Orange County, 
California.  Results of this study have been summarized by GeoSyntec (2005) (attached as Appendix 
C).  The BMPs that were evaluated include 1) a multimedia filtration and UV sterilization system, 
and 2) wetland ponds.  The study, which was conducted during dry weather, found that both BMPs 
greatly reduced concentrations of indicator bacteria13, but that bacteria levels rebounded within a 
short distance downstream of the BMPs.  In the case of the filtration/sterilization, the geometric 
mean concentration of fecal coliform increased from 317 cfu/100mL at the outlet of the BMP to 

                                                 
12 Tributary creeks to Newport Bay studied by Pednekar et al. include the San Diego Creek (SDC) and the Santa Ana 
Delhi Channel (SAD).  The SDC watershed remained between 52-60% developed over the study period.  
Agricultural land-use decreased from 34% to 2%, while commercial land-use increased from 1% to 10%, industrial 
land-use from 2% to 20%, and residential land-use from 11% to 25%.  The SAD watershed remained between 88-
92% developed over the study period.  Agricultural and residential land-use decreased while commercial land-use 
increased from 3% to 15% and industrial land-use increased from 19% to 33%.  
 
13 In comparing influent and effluent, multimedia filtration/UV sterilization resulted in a 99.6% reduction in fecal 
coliform concentration; wetland ponds achieved a 90-99% reduction in fecal coliform concentrations.  
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2575 cfu/100mL in a natural channel at a distance of 35 feet downstream of the BMP.  In the case of 
the wetland ponds, effluent was routed through a pipe approximately 200 feet long to the monitoring 
station, which recorded concentrations approximately two times greater than what could be 
accounted for based on mass-balance calculations.  However, uncertainty in flow measurements, 
data variability, and the fact that ~37% of the flow is not intercepted by the wetlands indicate that 
regrowth is not the only possible explanation for the unexpectedly high bacteria concentrations at the 
pipe outlet.   

 
 The link between bacteria concentrations in rivers and streams and downstream water 
quality, including surf zone water quality, has been examined by a number of authors in addition to 
those cited above.  PBS&J (1999) found that even though Newport coastal creek waters contained 
high concentrations of indicator bacteria, it did not appear that these waters had a significant impact 
on bacteria concentrations in the surf zone.   Ahn et al. (2005) found that while storm water runoff 
from the Santa Ana River may lead to “very poor” surf zone water quality, the impact on the surf 
zone was generally confined to <5 km around the river outlet.  Pednekar et al. (2005) studied 
bacteria concentrations in Newport Bay, California, and found that approximately 70% of the 
variability in the coliform record could be attributed to rainfall, implying that storm water runoff 
from the surrounding watershed is a primary source of coliform in Newport Bay.  A difference in 
scale may account for the different conclusions reached by different studies – the Ahn et al. and 
Pednekar et al. studies found significant impacts on surf zone water quality by examining large 
creeks and rivers, while PBS&J’s conclusion that creek water quality does not significantly affect 
surf zone water quality is based on a study of small to medium sized creeks – and clearly highlights 
the need for site-specific evaluations of bacterial water quality. 

Presumably, the source of bacteria affects its pathogenicity and risk to human health, but data 
on human health risks from non-human source bacteria are scarce.  Some studies (see, e.g., 
Schroeder et al., 2002) call into question whether the presence or concentration of indicator bacteria 
in urban runoff has any relationship with the possible presence of human pathogens.  Schroeder et al. 
sampled paved and grass areas of parks, roofs, residential lawns, ponds, storm drains and similar 
surfaces to characterize the microbial community that may be present in urban water.  Each sample 
was tested for indicator organisms (coliforms, fecal coliforms, E. coli, and enterococci), viruses 
(adenovirus, enterovirus, hepatitis A virus, and rotavirus), bacteria (enterohemorrhagic Escherichia 
coli, enterotoxigenic Escherichia coli, Shigella, Salmonella, and Staphylococcus aureus), and 
protozoa (Giardia lamblia and Cryptosporidium parvum).  The study states found that although 
pathogens can be found in urban drainage, “there does not appear to be a relationship between the 
presence of pathogens and the concentration or presence of indicator organisms.”  Of particular note, 
a recent epidemiological study of health risks due to swimming in Mission Bay (Colford et al., 
2005), where concentrations of  indicator bacteria are believed to be predominantly from non-human 
sources, concluded that the risks of swimming-related illness were uncorrelated with exceedances of 
state water quality thresholds or with levels of indicator bacteria. 

 
In conclusion, the available data from Southern California indicate that bacteria 

concentrations are often elevated in runoff from both urban and undeveloped watersheds, 
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particularly during wet weather conditions.  The level of development appears to have little effect on 
bacteria concentrations in storm flows.  There is no clear trend in bacteria concentrations over time, 
with concentrations remaining relatively steady, even in areas where land use characteristics have 
changed over time.  Available data also indicate that multiple sources may contribute to high 
concentrations of indicator bacteria, including natural sources such as wildlife, birds, and sediments. 
 Regrowth within the environment also occurs, resulting in elevated bacteria concentrations even 
downstream of the point where relatively bacteria-free flows enter natural channels or man-made 
conveyances.  Finally, the impact of high bacteria concentrations on downstream water quality 
appears to vary by location and conditions. 
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APPENDIX A 
 

DATA FROM ORANGE COUNTY COASTAL CREEKS 
 
 
 



 
 
 
 
 

 

Figure A 1: Location of coastal catchments and surf zone areas along the Newport Coast. 

 



 
 
 
 
 

 

Figure A 2: Additional detail on the catchment areas (information collated from the PBS&J report, 1999 and 
updated by The Irvine Company, 2005). 

 

 

Crystal Cove
Watershed Size: 1138 Acres
Percentage Developed: 70%

Muddy Canyon and Creek
Watershed Size: 990 Acres
Percentage Developed: 60%

 



 
 
 
 
 

 

Figure A 3: Long-term geometric mean concentration for enterococci (data from 3/30/99 to 12/21/04).  
Dashed line represents EPA’s suggested 30-day geometric mean water quality criterion for enterococci 
corresponding to a 1.0% risk level. 
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 Figure A 4: Long-term geometric mean fecal coliform concentrations (data from 1/7/86 to 12/21/04).  Dashed 
line corresponds to the current Santa Ana Basin Plan water quality criterion for 30-day log mean (geometric 
mean) fecal coliform concentrations. 

Creek Fecal Coliform Data
Geometric Mean +/- One Standard Deviation

1

10

100

1,000

10,000

100,000

Broa
dw

ay
 Cree

k

Buc
k G

ull
y

Crys
tal

 Cov
e C

ree
k

Crys
tal

 Cov
e U

pst
rea

m

El M
orr

o C
ree

k

El M
orr

o U
pst

rea
m

Emera
ld 

Bay
 D

rai
n

Midd
le 

Cree
k

Mud
dy

 Cree
k

Peli
can

 H
ill 

W
ate

rfa
ll

Peli
can

 Poin
t C

ree
k

Fe
ca

l C
ol

ifo
rm

 (M
PN

/ 1
00

m
L

)

 



 
 
 
 
 

 

Figure A 5: Long-term geometric mean concentrations for total coliform (data from 1/7/86 to 12/21/04) 
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Figure A 6: Relationship between % developed and the long-term geometric mean enterococci concentration 
(data from 3/30/99 to 12/21/04).  Dashed line represents EPA’s suggested 30-day geometric mean water 
quality criterion for enterococci corresponding to a 1.0% risk level. 
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Figure A 7: Relationship between % developed and the long-term geometric mean fecal coliform 
concentration (data from 1/7/86 to 12/21/04).  Dashed line corresponds to the current Santa Ana Basin Plan 
water quality criterion for 30-day log mean (geometric mean) fecal coliform concentrations. 
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Figure A 8: Relationship between % developed and the long-term geometric mean total coliform 
concentration (data from 1/7/86 to 12/21/04). 
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Figure A 9: Percent of samples in exceedance of thresholds by weather type (data from 1/7/86 to 12/21/04 for 
total and fecal coliform and from 3/30/1999 to 12/21/04 for enterococci).  “Wet” data are those within two 
days of rainfall totaling 0.1” or greater at Newport Harbor.  “Summer Dry” samples were collected from 
April-November, but not within two days of 0.1” or more of rain.  “Winter Dry” samples were collected from 
December-March, but not within two days of 0.1” or more of rain.  Threshold values against which data were 
compared are 247, 400, and 10,000 MPN/100mL, for enterococci, fecal coliform, and total coliform, 
respectively. 
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Figure A 10: Pelican Point Creek enterococci data and corresponding cumulative frequency distribution 

Pelican Point Creek Enterococci Records, n=287

1

10

100

1,000

10,000

100,000

1/1/99 1/1/00 12/31/00 12/31/01 12/31/02 12/31/03 12/30/04

Date

M
PN

/1
00

m
L

Dry
Wet
Enterococci 1% Risk 95th Percentile

 

0%
10%

20%
30%

40%
50%
60%

70%
80%

90%
100%

1 10 100 1000 10000 100000

MPN/100 mL

Pe
rc

en
t o

f s
am

pl
es

 b
el

ow
 v

al
ue

 dry

wet

Enterococci 1% Risk 95th Percentile

 
 
 
 
 



 
 
 
 
 

 

 
Figure A 11: Pelican Point Creek fecal coliform data and corresponding cumulative frequency distribution 

Pelican Point Creek Fecal Coliform Records, n=540
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Figure A 12: Pelican Point Creek total coliform data and corresponding cumulative frequency distribution 

Pelican Point Creek Total Coliform Records, n=381
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Figure A 13: Percentage of samples from Pelican Point Creek which exceed thresholds, by month 
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Figure A 14: Pelican Hill Waterfall enterococci data and corresponding cumulative frequency distribution 

Pelican Hill Waterfall Enterococci Records, n=289
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Figure A 15: Pelican Hill Waterfall fecal coliform data and corresponding cumulative frequency distribution 

Pelican Hill Waterfall Fecal Coliform Records, n=531
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Figure A 16: Pelican Hill Waterfall total coliform data and corresponding cumulative frequency distribution 

Pelican Hill Waterfall Total Coliform Records, n=382
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Figure A 17: Percentage of samples from Pelican Hill Waterfall which exceed thresholds, by month 
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Figure A 18: Muddy Creek enterococci data and corresponding cumulative frequency distribution 

Muddy Creek Enterococci Records, n=276
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Figure A 19: Muddy Creek fecal coliform data and corresponding cumulative frequency distribution 

Muddy Creek Fecal Coliform Records, n=471
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Figure A 20: Muddy Creek total coliform data and corresponding cumulative frequency distribution 

Muddy Creek Total Coliform Records, n=353
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Figure A 21: Percentage of samples from Muddy Creek which exceed thresholds, by month 
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Figure A 22: Pelican Point Middle Creek enterococci data and corresponding cumulative frequency 
distribution 

Pelican Point Middle Creek Enterococci Records, 
n=224
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Figure A 23: Pelican Point Middle Creek fecal coliform data and corresponding cumulative frequency 
distribution 

Pelican Point Middle Creek Fecal Coliform Records, 
n=387
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Figure A 24: Pelican Point Middle Creek total coliform data and corresponding cumulative frequency 
distribution 

Pelican Point Middle Creek Total Coliform Records, 
n=241
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Figure A 25: Percentage of samples from Pelican Point Middle Creek which exceed thresholds, by month 
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Figure A 26: Emerald Bay Drain enterococci data and corresponding cumulative frequency distribution 

Emerald Bay Drain, Enterococci Records, n=94
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Figure A 27: Emerald Bay Drain fecal coliform data and corresponding cumulative frequency distribution 

Emerald Bay Drain Fecal Coliform Records, n=256
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Figure A 28: Emerald Bay Drain total coliform data and corresponding cumulative frequency distribution 

Emerald Bay Drain Total Coliform Records, n=104
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Figure A 29: Percentage of samples from the Emerald Bay Drain which exceed thresholds, by month 
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Figure A 30: El Morro Creek Upstream enterococci data and corresponding cumulative frequency 
distribution 

El Morro Upstream Enterococci Records, n=243
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Figure A 31: El Morro Creek Upstream fecal coliform data and corresponding cumulative frequency 
distribution 

El Morro Upstream Fecal Coliform Records, n=423

1

10

100

1,000

10,000

100,000

1,000,000

3/7/94 3/6/96 3/6/98 3/5/00 3/5/02 3/4/04

Date

M
PN

/1
00

m
L

Dry
Wet
Fecal Coliform 10% Criteria Limit

 

0%
10%
20%
30%
40%
50%
60%
70%
80%
90%

100%

1 10 100 1,000 10,000 100,000

MPN/100 mL

Pe
rc

en
t o

f s
am

pl
es

 b
el

ow
 v

al
ue

dry
wet
Fecal Coliform 10% Criteria Limit

 
 



 
 
 
 
 

 

Figure A 32: El Morro Creek Upstream total coliform data and corresponding cumulative frequency 
distribution 

El Morro Upstream Total Coliform Records, n=291
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Figure A 33: Percentage of samples from El Morro Creek Upstream which exceed thresholds, by month 
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Figure A 34: El Morro Creek enterococci data and corresponding cumulative frequency distribution 

El Morro Cr. Enterococci Records, n=290
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Figure A 35: El Morro Creek fecal coliform data and corresponding cumulative frequency distribution 

El Morro Creek Fecal Coliform Records, n=849 
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Figure A 36: El Morro Creek total coliform data and corresponding cumulative frequency distribution 

El Morro Cr. Total Coliform Records, n=705

1

10

100

1,000

10,000

100,000

1,000,000

11/14/84 11/14/88 11/14/92 11/14/96 11/14/00 11/14/04

Date

M
PN

/1
00

m
L

Dry
Wet

 

0%
10%
20%
30%
40%
50%
60%
70%
80%
90%

100%

1 10 100 1,000 10,000 100,000
MPN/100 mL

Pe
rc

en
t o

f s
am

pl
es

 b
el

ow
 v

al
ue

dry
wet

 
 
 



 
 
 
 
 

 

Figure A 37: Percentage of samples from El Morro Creek which exceed thresholds, by month 
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Figure A 38: Crystal Cove Creek Upstream enterococci data and corresponding cumulative frequency 
distribution 

Crystal Cove Creek Upstream Enterococci Records, 
n=173
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Figure A 39: Crystal Cove Creek Upstream fecal coliform data and corresponding cumulative frequency 
distribution 

Crystal Cove Creek Upstream Fecal Coliform 
Records, n=273
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Figure A 40: Crystal Cove Creek Upstream total coliform data and corresponding cumulative frequency 
distribution 

Crystal Cove Creek Upstream Total Coliform 
Records, n=179
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Figure A 41: Percentage of samples from Crystal Cove Creek Upstream which exceed thresholds, by month 
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Figure A 42: Crystal Cove Creek enterococci data and corresponding cumulative frequency distribution 

Crystal Cove Creek Enterococci Records, n=292
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Figure A 43: Crystal Cove Creek fecal coliform data and corresponding cumulative frequency distribution 

Crystal Cove Creek Fecal Coliform Records, n=588
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Figure A 44: Crystal Cove Creek total coliform data and corresponding cumulative frequency distribution 

Crystal Cove Creek Total Coliform Records, 
n=416
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Figure A 45: Percentage of samples from Crystal Cove Creek which exceed thresholds, by month 
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Figure A 46: Buck Gully enterococci data and corresponding cumulative frequency distribution 

Buck Gully Enterococci Records, n=290
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Figure A 47: Buck Gully fecal coliform data and corresponding cumulative frequency distribution 

Buck Gully Fecal Coliform Records, n=553
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Figure A 48: Buck Gully total coliform data and corresponding cumulative frequency distribution 

Buck Gully Total Coliform Record, n=406
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Figure A 49: Percentage of samples from Buck Gully which exceed thresholds, by month 
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Figure A 50: Broadway Creek enterococci data and corresponding cumulative frequency distribution 

Broadway Creek Enterococci Records, n=156
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Figure A 51: Broadway Creek fecal coliform data and corresponding cumulative frequency distribution 

Broadway Creek Fecal Coliform Records, n=572
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Figure A 52: Broadway Creek total coliform data and corresponding cumulative frequency distribution 

Broadway Creek Total Coliform Records, n=468
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Figure A 53: Percentage of samples from Broadway Creek which exceed thresholds, by month 
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APPENDIX B 
 

DATA FROM SANTA ANA REGION 
 

 FIGURES REPRODUCED FROM CDM 2005 
 
 



 
Figure B 1: Santa Ana Watershed and sites selected by CDM for detailed bacteriological analysis (CDM 2005 
Figure 19) 

 

 



 
Figure B 2: Flow rate and bacteria concentration, Chino Creek (CDM 2005 Figure 35) 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
Figure B 3: Flow rate and bacteria concentration, Santa Ana Delhi Channel (CDM 2005 Figure 53) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
Figure B 4: Flow rate and bacteria concentration, Temescal Creek (CDM 2005 Figure 72) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
Figure B 5: Flow rate and bacteria concentration, Santa Ana River at MWD Crossing (CDM 2005 Figures 98 
and 99) 

 

 



 
Figure B 6: Flow rate and bacteria concentration, Santa Ana River at Imperial Highway (CDM 2005 Figure 
83) 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Figure B 7: Flow rate and bacteria concentration, Santa Ana River at Imperial Highway (CDM 2005 Figure s 
84 and 85) 
 

 

 
 



Figure B 8: Percent of months exceeding objectives (CDM 2005 Figure 102) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
Figure B 9: Percent of months exceeding objectives (CDM 2005 Figure 110) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Figure B 10: Percent of months exceeding objectives (CDM 2005 Figure 88) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Figure B 11: Percent of months exceeding objectives (CDM 2005 Figure 74) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Figure B 12: Percent of months exceeding objectives (CDM 2005 Figure 38) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
Figure B 13: Percent of months exceeding objectives (CDM 2005 Figure 57) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX C 
 

DATA FROM ALISO CREEK 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



G E O S Y N T E C  C O N S U L T A N T S   

838 SW First Avenue, Suite 530  (503) 222-9518 
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MEMORANDUM 
 

TO: SUSAN PAULSEN, FLOW SCIENCE 

FROM: BRUCE WILLIAMSON, LISA AUSTIN, GEOSYNTEC CONSULTANTS 

SUBJECT: ALISO CREEK BMP EFFECTIVENESS ANALYSIS 

DATE: APRIL 13, 2005 

CC: PETER MANGARELLA, GEOSYNTEC CONSULTANTS 

 

Introduction 
 
This purpose of this technical memorandum is to assess the efficacy of Best Management 
Practices (BMPs) installed in parts of Aliso Creek, Orange County, California (Figure 1) on the 
removal of pathogen indicators.  Pathogen indicator data collected by Orange County Resources 
and Development Management Department in this watershed and on these BMPs has received 
increasing attention when project design features are evaluated by regulatory authorities.  
Therefore, it is important that we have a good understanding of these findings and their 
uncertainties.    
 
The two BMPs assessed in this memo are:  
 

1. Dry weather flows are passed through multimedia filtration/UV sterilization using a 
proprietary treatment unit ‘Clear Creek Systems’.  This treats low flow runoff from a two 
square mile catchment with mixed urban land use.  The storm drain facility and 
catchment are designated as J01P28 in the watershed map and plans (Figure 1, 2B).   

 
2. Wetland ponds to intercept watershed runoff and treat dry weather flow and first flush.  

These treat low flow and first flush runoff from a two square mile residential catchment.  
The storm drain facility and catchment are designated as J03P02 in the watershed map 
and plans (Figure 1, 2A).   

 
All monitoring of the BMPs and their receiving waters took place during dry weather.  
Consequently, low flows were mostly sampled, but during the wet season a proportion of these 
were probably elevated flows during storm recessions.   
 
The data were collected by the County of Orange and its city partners and is available in  reports 
listed at  http://www.ocwatersheds.com/watersheds/Aliso_reports_studies.asp, and also in 
Evaluation Reports by the County of Orange.1,2  
                                                 
1  County of Orange Resources and Development Management Department, Watershed and Coastal Resources 
Division. ‘Aliso Creek Clean Beaches Initiative.  Final Report for Agreement 01-227-550-0’ submitted to Regional 

1 

http://www.ocwatersheds.com/watersheds/Aliso_reports_studies.asp


 
Note that the Aliso Creek watershed Quarterly Progress Reports (QPR) refer to other BMPs 
installed in stormwater drains of urban watersheds at a number of locations in the Aliso Creek 
watershed.  These include grassy swales for treating park runoff to Sulfur Creek in Laguna 
Niguel and a wetland biofilter in another branch of Sulfur Creek in Laguna Hills   The status of 
the these BMPs is unclear, and no monitoring data for these BMPs were located in the QPR.  
 

Figure 1 

                                                                                                                                                             
and State Boards in January 2005 and ‘Wetland Capture and Treatment Final Report for Agreement No. 01-122-
259-0’ submitted to Regional and State Boards in March 2004. 
2 “Wetland Capture and Treatment Final Report for Agreement No. 01-122-259-0” submitted to Regional and State 
Boards in March 2004.   
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Figure 2A:  Location of J03P02 
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Figure 2B:  Location of J01P28 

 

Aliso Creek 
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Site Description 
Aliso Creek Watershed 
 
Aliso Creek watershed encompasses 30.4 square miles and includes portions of the cities of 
Aliso Viejo, Dana Point, Laguna Niguel, Laguna Woods, Laguna Beach, and Lake Forest.  Its 
main tributary, Aliso Creek, originates in the Santa Ana Mountains inside the boundaries of the 
Cleveland National Forest.  Smaller tributaries include Wood Canyon, Sulphur Creek, the Aliso 
Hills Channel, and English Channel (Figure 1). 
 
Aliso Creek is the subject of a Directive issued by the San Diego Regional Water Quality 
Control Board (RWQCB) in 2001 for an investigation of urban runoff in the Aliso Creek 
watershed. The Directive found that the Permittees may be discharging waste with high bacteria 
levels from municipal storm drain outfalls into Aliso Creek and its tributaries. The Directive 
required the Permittees to begin a comprehensive monitoring program and undertake 
investigations within the storm drain system to identify the causes of the problem and the control 
actions needed to correct the problem.  This has resulted in a comprehensive study involving 
weekly sampling of  approximately 35 storm drains and their respective receiving waters, and 
numerous other initiatives in identifying sources and source control.   
 
Part of the creek (J03P02) is subject to a Cleanup and Abatement Order (CAO) issued by the 
RWQCB in 1999.  This was the result of a survey which showed that pathogen indicators (PI) in 
the drain were much higher than in Aliso Creek.  Experience gained from the more 
comprehensive monitoring carried out since that time has shown that J03P02 is in the low to 
middle of the range of PI concentrations compared to the rest of the Aliso Creek watershed.   

Sand Filtration/UV Sterilization 
 
The J01P28 Interim Water Quality Improvement Package Plant BMP was executed in response 
to the San Diego RWQCB 13225 Directive to clean up Aliso Creek. 
 
This treatment unit is located near the outlet of the J01P28 subcatchment (Figure 2).  This 
subcatchment is a tributary to the main stem of Aliso Creek.  The storm drain conveys runoff 
water from a fully developed area of approximately two square miles in the city of Aliso Viejo. 
Land uses in the catchment include residential, commercial, light industry, and parks. The BMP 
was installed in July 2003.   
 
The CCS treatment system includes three multi media filters, two organo clay filters and two 
ultraviolet light disinfection chambers.  The package plant treatment system has three main 
phases: 
 

• Sediment and debris removal 
• Oils, pesticides, and trace metals removal 
• Disinfection 
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The larger debris and trash removal is performed at the inlet strainer that is located in an energy 
dissipation basin within the storm drain.  Sediment removal is performed in the basin and in the 
multimedia filter.  Oils, pesticides and trace metals are removed via adsorption onto the organo-
clay media while the ultraviolet light chamber removes bacteria and viruses.  
 
The package plant treatment system filters and disinfects approximately 100,000 gallons per day 
of urban dry weather runoff.  The design capacity is 250,000 gallons per day. By October 2004, a 
total of 1.4 million gallons had been treated.  
 
Monitoring results from the years 2001 through June 2003 were combined to form the “before” 
dataset, while results from August 2003 through December 2004 constituted the “after” dataset.   
 
Once discharged from the unit, the water flows through a ponded area approximately 20 feet 
long, 6 feet wide and 1.5 feet deep, then 30 feet through a natural ditch to Aliso Creek.  A 
monitoring site is located in the natural ditch 15 feet from Aliso Creek. 

Wetlands 
 
Wetlands have been installed near the outlet of subcatchment J03P28, which is a tributary to 
Sulfur Creek, itself a tributary to Aliso Creek (Figure 2A).  The wetlands are positioned at the 
bottom of the catchment and designed to capture 100% of the low flows before they discharge to 
Aliso Creek.  The catchment (538 acres) is entirely residential (1600 households, new to 30 years 
old).  A number of structural BMPs have been implemented from 2000 to the present day.    
 

1. From May 2000 to March 2001, dry weather flows were diverted to the AWMA Regional 
Sewage Treatment Plant.  

  
2. From March 2001 to April 2003 (actually it is not clear when unit stopped operating), dry 

weather flows in the drain were treated by a mobile Clear Creek Systems filtration/UV 
treatment unit.  The flow was diverted to the treatment plant (e.g., 15% of total flow in 
the July-September 2002 quarter) when the filter clogged or the UV malfunctioned.   

 
3. The three wetlands were constructed progressively starting in about March 2001 and 

were completely online from April 20032.   
 
J0302 has been subject to detailed studies because of the CAO.  These include visual (video) 
inspection of sewer and storm drain pipes, field reconnaissance, resident surveys, flow 
monitoring, a wide range of upwatershed sampling and the identification the sources of the 
pathogenic indicator bacteria.  Samples were examined for human enteroviruses, antibiotic 
resistance, and genotypes of E. coli.  The researchers concluded that the primary sources of PI in 
J03P02 are not likely to be human, and are likely to be due to cows (soil fertilizer amendments), 
birds, rabbits, and some unidentified other animals.  In the Aliso Creek QPRs, the Co-Permittees 
indicate that the following sources probably contribute to fecal coliform (FC) in J03P02: 
 

• Organic soil amendments 
• Turfgrass areas 
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• Wildlife 
• Domestic pets 
• Accumulated organic debris in the surface and subsurface storm drain system 
• Street sweeping debris 

 
The wetlands – called East, West and North, were positioned to capture 100% of catchment 
runoff during dry weather and first flush.  Design features are summarized in Table 1.  The 
hydrological network is outlined in Figure 3.   
 
Wetland inflow is taken by intercepting flows in the stormwater pipes, including the 60-inch 
main pipe.  After passing through the wetlands, some of the treated stormwater is routed back 
though the 60-inch pipe to an open channel just before its confluence with Sulfur Creek.  
Effluent from the West Wetland is discharged directly to this open channel, and does not pass 
through the pipe.  Another untreated, unmonitored inflow also discharges to this point (Figure 2).  
 
Table 1:  Wetland design features (reference see footnote 2). 

Wetland 

Total 
Catchment 

Area (acres) 

Planned 
intercepted 
area (acres) 

Wetland Area 
(acres) 

Depth 
(ft) 

East 374 37 0.3 1 
West 342 312 0.69 0.5 
North 122 122 0.3 1 

 

Sampling Procedures 
 
All sampling was conducted during “dry weather,” which is defined as no rain on the day of 
sampling.  Sampling was conducted under strict protocols (see Aliso Creek 8th Quarterly 
Progress Report). Quality Assurance/Quality Control (QA/QC) sampling procedures were 
implemented that should have prevented contamination during sampling and significant changes 
to the sample during transport to the laboratory.   
 
Directive Monitoring:  Each location has three monitoring sites:  two of these are on the main 
stem, 25 feet upstream and downstream of the storm drain discharge, the other is on the storm 
drain itself, approximately 15 feet above its confluence with the stream.  These three sites were 
monitored weekly, so that at least five samples were collected each month, at random intervals.  
Some of these monitoring sites are shown in Figure 1. 
 
BMP Monitoring: In addition to the directive sampling program, the influent and effluent to the 
BMPs were monitored.   
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Figure 2.  Source: Wetland Capture and Treatment Final Report (2004)2.  Note: untreated 
Surface Flow from North Wetland should probably be 0.0304 cfs. 



 

Summary of Monitoring Results  

J01P28 - Multimedia Filtration/UV Digestion 
 
Influent/effluent.  Comparison of the influent and effluent concentrations demonstrates a 99.6% 
reduction in fecal coliform levels.  The geometric mean decreases from 77,414 CFU/100mL to 
317 CFU/100mL. 
 
Stream and drain monitoring.  A statistical analysis of the levels in the receiving water (the 
“directive” dataset) is summarized in Table 2 and as box plots in Figure 3-4.   These refer to all 
data collected before BMP installation.  The County monitoring reports summarize data for 
quarterly monitoring periods.  In the QPR, quarterly monitoring data are compared between 
years to reduce variance from seasonality, and constitute a more powerful assessment of the data.  
However, for our purposes here, the lumped data is sufficient to demonstrate their findings.   
 
Table 2:  Comparison of geometric means (cfu/100 ml) before and after multimedia 
filtration/UV sterilization. The BMP is installed about 35 feet upstream of the storm drain 
monitoring site.  
   
Locations TC FC ENT 
 before after before after before after 
u/s 5353 2851 775 773 990 662 
storm drain 52267 15232* 14633 5827* 9171 1401* 
d/s 17248 5142* 2722 1696* 1791 839* 
* = significant change (1-way ANOVA, α<0.05) 
 
Regrowth.  Comparison of effluent and the ‘directive’ storm drain monitoring site, show a large 
increase in FC levels in the approximately 35 feet between the unit discharge and the storm drain 
monitoring site.  No other discharges were found, which suggest that rapid re-growth has taken 
place in the water column, or re-infection has occurred from sloughing or resuspension of 
bacteria from immersed channel-side vegetation, organic debris and/or sediments.   The 
geometric mean increases in this short distance from 317 cfu/100mL to 2,575 cfu/100mL. 
 
Further work is planned by the County on the re-growth issue.  Permits have been requested to 
perform clean up work on the habitat and the storm drain outlet basin.  
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Figure 3:  FC levels for J01P28 monitoring site. 
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Figure 4:  ENT levels for J01P28 monitoring site. 
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Figure 4 (continued) 
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J03P02 – Wetland BMPs 
 
Influent/effluent.  All monitoring took place during dry weather.  Flows were measured, but 
only once per month and not for each sampling occasion.  Most sampling took place at lows 
flows.  The flow was typically 0.25 cfs with a range of 0.13-0.56 cfs.   
 
Wetland monitoring in the three wetlands showed 90 to 99 percent reduction in FC levels from 
2001 to present day (e.g. see Table 3).  (Note that the three wetlands were installed and 
monitored progressively – results from 2001 were from one wetland only).  Overall, 90 percent 
of treated effluent samples met the REC-1 objectives for FC. Although enterococci (ENT) levels 
dropped by 60 to 99 percent in wetlands, wetland effluent did not meet the steady state objective 
of 33 cfu/100ml during the period of monitoring (2001-2004).  Few individual wetland samples 
met the single-sample objective.   
 
Table 3:  East Wetland fecal coliform (cfu/100mL) removal March 2001 – August 2002. 
 
Parameter Inflow Outflow Removal 
Median 5000 50 99% 
Mean 14900 150 99% 
Geometric mean 2,800 35 99% 
 
Overall there has been a progressive decline in FC and ENT since the wetlands have 
progressively come on line. 
 
As well as the wetland monitoring, the effluent from the mobile UV sterilization unit was 
monitored when it was installed (between March 2001 to April 2003).  The influent was not 
monitored directly. A cursory scan of the results suggests that the treatment unit effluent quality 
met REC-1 requirements on most months, but failed at times, which was attributed to the sand 
filter clogging.    
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Stream and drain monitoring.  No “before BMP implementation” could be found because the 
‘directive’ monitoring period encompassed either diversion to the sewage treatment plant, UV 
sterilization and/or wetland treatment.  (However, some data is available somewhere, because it 
led to the CAO).   
 
The dry weather discharge from the storm drain had little or no effect on the FC levels in Sulfur 
Creek.  The flow from J03P02 is about 10 percent of the flow in Sulfur Creek. 
 
The bacterial quality of the J03P02 storm drain discharge has steadily improved over the 
monitoring period.  However, the improvement is quite complex, as described in the following 
section.  
 
Re-growth.  There is evidence that re-growth occurs between the wetlands and the storm drain 
monitoring sites.  The concentrations in the open channel at the end of the pipe are about twice 
what is expected based on mass flow considerations.  
 
However, there are some ambiguities in the various Quarterly Reports about the nature of the 
connection between the catchments, wetlands, and the J03P02 monitoring site3.  This has been 
resolved in the detailed report on the BMP project for J03P022.  Measurements show that a high 
proportion of the flow is not intercepted (about 37 percent).  Figure 2 also shows that the largest 
wetland (‘West’) bypasses and discharges downstream from the pipe.   
 
Therefore, the apparent re-growth phenomenon could be wholly or partly due to the 
“recontamination” by the un-intercepted flows from the catchment.  The project investigated this 
by carrying out a mass balance calculation.  Unfortunately the report does not give any details on 
the calculations, but states that concentrations at the end of the pipe after discharge are about 
twice what is expected based on these mass flow considerations.   
 
GeoSyntec confirmed that there was about this order of magnitude difference between observed 
and calculated mass flows using flows given in Figure 2 and using appropriate median FC 
numbers for the summer 2003 monitoring period.   However, the proposition of re-growth, while 
plausible, is uncertain because:  
 

• There is a significant input of untreated surface and subsurface flows into and at the end 
of the J03P02 pipe 

• Most flows were estimated and not measured 
• Many of the FC and ENT concentrations used in the mass flow calculations were not 

measured and assumed values were taken from the monthly monitoring data. 
• There is a high degree of variability in monitored FC and ENT       

 
The rates of this apparent re-growth appear to be seasonal and variable.  As described above, 
usually observed levels at the J03P02 monitoring site are higher than the combined flows from 
the wetland.  Fecal coliform and enterococci increase by about 100 percent in-pipe during spring, 
summer, and fall.  However, this apparent re-growth does not occur during winter months and 
                                                 
3 Most comments imply a 200 foot pipe, but 14th QPR refer to pipe outlet and 200 feet overland distance. 
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sometimes die-off can be observed.  For example, the winter FC levels in 2004 were 1/8th of 
those predicted from the combined treated and untreated contributions, while ENT levels are 
about the same as predicted levels. The report suggests that die-off and re-growth (or re-
contamination) of ENT and FC may be temperature and salinity dependent.  
 
The overall findings of the BMP study to this particular watershed is that as the BMPs came on 
line, there was a steady improvement in the quality of the J03P02 discharge to Sulfur Creek 
during some seasons4.  Results from monitoring the drain downstream of the BMPs show: 
 

• Spring (Apr-Jun) geomeans for FC fell from 2001-2003.  The 2004 geomean was similar 
to that for 2003. 

• Summer (Jul-Sep) geomeans for FC have not fallen with statistical significance 
• Winter (Jan-Mar) geomeans for FC fell from 2002 – 2004.    

 

Discussion and Conclusions 
 
Filtration coupled with UV sterilization reduced indicator bacteria to below the REC-1 standard.  
This was demonstrated at both sites.  However, the benefits are compromised by what appears to 
be re-growth.  At J01P28, the re-growth/re-inoculation occurred in a natural steam reach 
consisting of a pool and run, which was shaded with riparian vegetation dangling in the stream.   
It occurred within only 35 feet of the discharge point from the treatment unit. 
 
Wetlands reduced fecal coliform (FC) levels by 90 to 99 percent to below the REC-1 guideline 
for 90 percent of the samples.  They also reduced enterococci (ENT) levels by 60 to 99 percent, 
but the effluent from the three wetlands always exceeded the steady-state ENT objective, and 
usually exceeded the single sample objective.  As with J01P28, the benefits of wetland treatment 
were compromised by the low-flow capture rate and what appears to be re-growth or re-
contamination after discharge from the BMPs.  Concentrations of FC and ENT increase between 
the wetland effluent and the J03P02 monitoring site 15 feet from its confluence with Sulfur 
Creek.  The summary report proposed that most of the re-growth/re-inoculation occurred within 
a 200-foot pipe carrying wetland effluent to the confluence with Sulfur Creek.2 
 
The study report proposed that re-growth was plausible because there was opportunity and time 
for re-growth to occur.  The combined effluent from the East and North wetland is conveyed to 
Sulfur Creek through the pipe, which has a transit time during low flow of 15 minutes.  As stated 
in the Wetland Capture and Treatment Final Report 20042  “Given ….. the microbiologists ‘rule 
of thumb’ that bacterial populations can double every 15 minutes under ideal conditions, rapid 
in-pipe propagation of FC and ENT in the dark pipe may be the main factor, or may be combined 
with recontamination from bioslimes or muck deposits” (Clean-Up & Abatement Order 99-211 
17th QPR).  Another possible reason is that the structures which divert low flow from the 
stormwater pipes to the wetland also trap and retain organic debris, which may act as substrates 

                                                 
4 This is somewhat surprising given that the drain water was treated by multimedia filtration/UV disinfection or 
diverted to the sewer system while the wetlands were constructed.   
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for re-growth.  However, re-contamination by unmonitored inflows may also be partly or wholly 
responsible for the observed increase between the BMPs and the confluence. 
 
The results suggest that the benefits of BMPs may be compromised by re-growth, which 
occurred in both the natural channel and pipe downstream of the monitored BMPs.  The various 
investigators have concluded that treatment systems would need to be positioned at the bottom of 
the watershed directly before discharge to the receiving water body – mainly to prevent regrowth 
during warm weather conditions.1  Another important general conclusion in the study (see City 
of Laguna 6th QPR Aliso Creek 13225 Directive) states ‘that “primary” bacteria concentrations 
(from direct deposits of bird droppings, for example) in runoff can be magnified by the 
“secondary” propagation of bacteria populations within the environment, so that controlling 
propagation may ultimately become as important as source reduction in reducing overall outfall 
concentrations.  The research results also suggest that the presumption of a statistically valid 
relationship between certain concentrations of fecal coliform and an acceptable vs. unacceptable 
magnitude of public health risk (which is the basis for the REC-1 and REC-2 objectives) may be 
seriously flawed.’ 
 
The proposition that re-growth occurs after treatment has wide ranging implications for 
stormwater management.  Given the uncertainties outlined above as to whether re-growth occurs 
after wetland treatment, the County study results should be confirmed by more detailed studies 
and sampling, such as: 
 

• more frequent sampling of concentrations taking into account time of travel  
• stormwater runoff monitoring (not just dry weather flows) 
• measurement of flows where possible. 

 
It is unknown whether the re-growth phenomenon apparent at the Aliso Creek sites would result 
in much higher concentrations over longer distances, but such an experiment cannot be 
conducted at the County-selected sites.   
 
Finally, it is re-emphasized that monitoring was only conducted during dry weather conditions – 
mostly low flow and do not reflect storm runoff conditions, except for possibly occasionally 
during the storm regression phase. The impact of storm runoff on the treatment efficacy of the 
BMPs tested at Aliso Creek is unknown. Likewise, it is unknown what impact high flow may be 
on the mechanisms that lead to re-growth or re-inoculation; such flows may deliver organic 
debris and sediments and also slough off slimes and accumulations of organic detritus.    
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1.   INTRODUCTION 

1.1 Background and purpose 

The Newhall Ranch Specific Plan projects will urbanize a portion of the Santa Clarita Valley in 

Los Angeles County during the coming decades.  The project is an extension of prior 

community growth, which commenced in earnest during the 1960s, in accordance with the 

adopted General Plan and adopted growth projections.  Concern has been expressed that future 

urbanization may result in changes in the Santa Clara River, a stream of regional scale draining 

westward from northern Los Angeles County through Ventura County, flowing into the Pacific 

Ocean near Oxnard.  Prior analysis by Geosyntec Consultants (2005) indicates that cumulative 

future urbanization in the upper watershed of the Santa Clara River, of which Newhall ranch 

will contribute a portion, will reach approximately 9 percent at “built-out” conditions.  A 

survey of the literature (reviewed in GeoSyntec, 2002) shows that many western-state streams 

begin to exhibit effects when impervious areas exceed a threshold of about 10 percent, with 

some considerable site-by-site variability.  Additional studies by GeoSyntec in the San Francisco 

Bay area (2004) and a recent Southern California regional study (Coleman and others, 2005) 

indicate that, for watersheds smaller than about 25 square miles, channels in granular, non-

cohesive sediments may become unstable downstream from urbanizing areas when impervious 

coverage reaches as little as 2 to 3 percent. 

This report uses an empirical approach to assess the potential effects of urbanization on channel 

morphology associated with the implementation of the Newhall Ranch Specific Plan, combined 

with other existing and future development in the upper watershed of the Santa Clara River as 

described in the adopted General Plan.  We use historical changes in the Santa Clara River 

channel pattern to help bracket potential morphological effects on the river of 

hydromodification due to accumulated urban development.  We note that historical changes 

(both natural and human-induced) in the three factors most likely to affect the Santa Clara River 

stability (magnitude and frequency of stormflow events, sediment supply and caliber, and 

channel vegetation) are very large relative to the effects, if any, of the Newhall Ranch project 

and other planned future urban development.  We hypothesize that it will prove useful to learn 

from history, and to assess the nature and general degree of change that may result from future 

urbanization by applying these insights. 

Much of what is learned from this analysis may be applicable in other aspects of planning and 

managing the Santa Clara River in the Newhall Ranch reach and reaches downstream.  It is not, 

however, an immediate objective of this report to develop management plans, to assess 
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potential changes in tributary channels, or to explore how habitat conditions might be changed 

by potential hydromodification, beyond that which is related to the physical channel form and 

dynamics. 

1.2 Technical approach 

The history of the Santa Clara River in the Santa Clarita Valley and eastern Ventura County 

allows us to explore the three factors most likely to affect the stability and morphology of the 

river downstream from existing and future development in the Santa Clarita Valley (including 

Newhall Ranch): 

 High streamflows, including increased peak flows, volumes, and/or durations of 
stormflows,  

 Coarse-sediment supply, including sharp curtailment of sediment entering the river 
following completion of Castaic (1974) and Santa Felicia-Piru (1958) Dams. 

 Mature riparian vegetation, with interpenetrating roots, which can stabilize the banks 
and maintain the channel pattern. 

We consider the ‘pre-urban’ condition to be the form and functions of the river during the 1950s 

and 1960s, prior to significant urban growth and modification of the flow and sediment regimes 

due to the construction of the Castaic and Santa Felicia-Piru Dams.  Historic deviations from the 

pre-urban condition can be evaluated using the geomorphic evidence left by a period of floods 

and high flows from 1938 to about 1945.  The effects of sediment supply can be evaluated by 

quantifying effects of eliminating coarse-sediment delivery from Castaic Creek (with a drainage 

area of 155 square miles, approximately 25 percent of the Santa Clara watershed at the 

L.A./Ventura County line.  Supporting evidence can also be obtained similarly at Piru Creek 

(approximately 40 percent of the watershed at its confluence with the Santa Clara River at Piru). 

1.3 Report organization 

The analysis begins with an overview of the factors affecting the form and geomorphic history 

of the Santa Clara River (Chapter 2).  The larger events and fluctuations, and manner in which 

they may have affected the river, are considered in Chapter 3.  The fourth chapter explains the 

source materials and methods used to quantify the river’s response to these perturbations, 

which are summarized in Chapter 5.  Chapter 6 is a discussion of what we have learned from 

this study, and Chapter 7 draws conclusions as to how these findings relate to potential 

hydromodification effects in response to anticipated future watershed urbanization. 
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2.   GEOMORPHIC SETTING 

2.1 Channel pattern influences 

Several previous reports have described the overall and geomorphic histories of the Santa Clara 

River (c.f., Schwarzberg and Moore, 1995; SCREMP 2005).  In each case, authors have noted that 

the forms and functions of the river have varied with climatic cycles and with episodes such as 

floods and fires.  It is this variability that is characteristic of the river.  In the this report, we 

utilize the study of historic influences of some of the more pronounced events and cycles to 

better understand the impacts of drainage changes, if any, that can be expected to result from 

the anticipated future development in the Santa Clarita Valley, including Newhall Ranch. 

2.1.1 Physiography 

The Santa Clara River flows through a complex, tectonically-active trough generally bounded 

by reverse faults on the San Cayetano Mountain and South Mountain fronts.  Some of the most 

rapid rates of geologically-current uplift in the world are reported from the Ventura anticline 

and San Gabriel Mountains, just to the northwest and southeast, respectively, of the river.  

Slopes are very steep, with local relief of 3000 to 4000 feet being common.  These faults bring 

harder, more resistant sedimentary rocks over softer and younger sedimentary formations, but 

all formations are fundamentally soft and erodible.   On either side of the faults, sandstone 

(generally multi-cyclic and fine-grained) and mudstones prevail.  The northeastern and 

southeastern corners of the watershed are underlain by deeply-weathered granitic and schistose 

rocks, which produce sands that are coarser than those of other rock units when they weather 

and erode.   The San Gabriel fault crosses the valley near the county line, bringing slightly more 

resistant rock to the surface and creating a local base level reflected as a slight rise or ‘bump’ on 

the river’s longitudinal profile. 

Most geologic materials in the watershed decompose mainly to silts and clays and to sand, with 

some coarser materials.  Rhea Williams and his colleagues at the U. S. Geological Survey found 

that most sediment moved by the Santa Clara River and its main tributaries are quite fine, with 

less than 5 percent bedload-sized material (>0.25 mm, or about 0.01 inches in diameter).  Some 

gravels and cobbles do occur within the beds of the streams and in their alluvium.  Nonetheless, 

both the bed and the sediment transported by the river tend to be finer than in most Southern 

California watersheds (c.f., Knudsen and others, 1992). 
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The Santa Clara River watershed drains a watershed of 1,600 square miles, of which 625 square 

miles are within Los Angeles County, upstream of the “county-line gage” (USGS No. 11108500), 

near the western edge of the Newhall Ranch Specific Plan area. 

2.1.2 Climate 

Much of the watershed upstream of the Newhall Ranch Specific Plan area receives rainfall 

averaging about 18 to 25 inches per year (NOAA).  As throughout Southern California, rainfall 

in the Santa Clara watershed alternates between wet and dry periods, a variation that is central 

to understanding the cultural and geomorphic histories of the upper watershed (Schwarzberg 

and Moore, 1995; Lynch, 1931; Reichard, 1981).  Wet cycles tend to persist for several years, 

sometimes for periods of 6 or 8 years, during which rainfall, although variable, may average 

about 140 to 150 percent of the long-term average.  For the woody riparian vegetation along the 

banks and on islands in the braided channels, these are crucial periods for establishment and 

growth.  During dry cycles, the roots of the riparian vegetation must grow downward to the 

water table or perched zones, and where it cannot do so, this band of vegetation will die back. 

2.1.3 Flows 

Flows in the Santa Clara River, as in most southern California streams, are highly episodic.  For 

the gaged period between 1953 and 1996 annual flow at the Los Angeles/Ventura County line 

gage ranged between 253,000 acre-feet (1969) and 561 acre-feet (1961).  In general, however, 

streamflow, and especially dry-season streamflow, has increased over the past few decades 

primarily due to discharges from two wastewater treatment plants.  Mean annual flow at the 

County Line increased from 25,700 acre-feet in 1972 (averaged over a 20-year record) to 35,360 

acre-feet in 1988 (36-year record), with a significant decrease in the number of very low years 

over that period (UWCD and CLWA, 1996).  Downstream of the County line, however, the 

Santa Clara River flows through the Piru groundwater basin, which represents a “Dry Gap” 

where dry-season streamflow is lost to groundwater. 

Annual peak flows at the County line between 1953 and 1996 ranged from 68,800 cfs (1969) to 

109 cfs (1960).  Of note is that the second highest annual peak, 32,000 cfs in 1966, was less than 

half of the highest peak (68,800 in 1969).  Both of these events occurred in the late pre-urban to  

early-urbanization stages within the Santa Clarita Basin and no consistent increase in peak flow 

is evidence since this time.  Flow data for the 2005 flood event are not yet available, however the 

peak flow at the County line may have approached the flow observed in 1969.  As discussed 

below these large episodic events have a significant impact on the geomorphic characteristics of 

the Santa Clara River mainstem. 
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2.1.4 Ground-water supported riparian vegetation 

The Santa Clara River is underlain by several distinct alluvial ground-water basins—the Piru, 

Fillmore, and Santa Paula Basins (Reichard and others, 1999; SCREMP 2005).  These basins are 

divided longitudinally by sills or ridges of bedrock that support areas of locally-high ground 

water, including the area upstream from the County line (above the Piru Basin), and upstream 

from the mouth Sespe Creek (the transition between the Piru and Fillmore Basins).  This locally-

high ground water sustains summer baseflow and riparian vegetation within the Santa Clara 

River corridor even through relatively dry climatic cycles. 
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3.   PERTURBATIONS 

This section describes several major perturbations (those with the potential to affect channel- 

and floodplain-form) that occurred in the Santa Clara River watershed since the early 1900s 

(summarized in Figure 1).  Aerial photographs were selected to bracket these events and 

analyzed, both qualitatively and quantitatively, to try to discern and quantify responses of the 

Santa Clara River channel to: 

 (1) changes in flow regime during wet and dry multi-year cycles, 

 (2) sediment supply, notably describing the channel’s adjustments to construction of 

large dams,  and 

 (3) development of mature riparian vegetation with interpenetrating roots. 

3.1 Streamflow cycles and events 

As described above, streamflow within the Santa Clara watershed is highly episodic, and can 

vary drastically from year to year.  However, decade-scale patterns of wet and dry periods have 

been identified in the historic record—as early as the 1700s.  Previous wet periods (with 

associated high flows) are reported from 1810 to 1817, 1831 to 1840, 1883 and 1893, and 1903 to 

1916, during each of which periods the area received a total of an additional 60 to 80 inches 

above the mean annual rainfall over the duration of the wet cycle.  Prolonged static or drying 

periods similar to that observed between 1945 and 1977 also occurred from 1780 to 1810, 1842 to 

1882, and 1919 to 1935 (with associated reductions in streamflow).  The river is likely to have 

remained most stable during the latter periods, with the notable exceptions of a few major 

storms of record, such as 1862 (c.f., Lynch, 1931; Reichard, 1981; Schwartzberg and Moore, 

1995).  The primary wet periods in this study occurred between 1938 and 1946, and 1978 to 1983 

(Figures 1 and 2).  Other large storm events occurred in 1966, 1969, 1972, 1983, 1998, and 2005.  

Notable dry periods occurred between 1946 and the late 1960s, and 1983 and 1991. 

3.2 Dam construction 

Castaic Dam was completed on Castaic Creek (a tributary of the Santa Clara River just upstream 

of the Newhall project) in 1974.  The watershed area above the dam is approximately one-

quarter of the watershed area of the Santa Clara River at the L.A./Ventura County line, 

downstream of the Castaic confluence, and therefore the dam effectively reduced the sediment 

contributing area by about 25 percent.  For comparison purposes, we also considered the effects 
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of the construction of the Santa Felicia Dam (Lake Piru), which resulted in an approximate 38 

percent decrease in sediment contribution area below the confluence of Piru Creek and the 

Santa Clara River1.    

3.3 Urbanization 

Settlement of the Los Angeles County portion of the watershed transitioned from rural to 

mixed-use suburban during the mid- to late-1960s.  This change initiated a period of ongoing 

urban expansion, with associated increases in the area of impervious or compacted surfaces as 

homes, commercial and industrial centers, highways and diverse infrastructure have developed 

throughout the Santa Clarita Valley.  Future General Plan urbanization within the upper 

watershed, inclusive of Newhall Ranch, will bring the percent of urban area west of the County 

line to about nine percent (GeoSyntec, 2005). 

3.4  Treated effluent discharge 

Since the 1960’s, treated effluent from two water reclamation plants (Saugas and Valencia) has 

been released directly to the Santa Clara River.  This, combined with an increase in applied, 

imported agricultural water, has led to increased summer baseflows in the Santa Clara River at 

the County line, which had only rarely occurred under pre-urban conditions.  This led to an 

increase in available water to support woody riparian vegetation.  The increase in baseflow is 

evident in the USGS gaging record at the county line (Figure 2).  In some stream corridors, 

vegetation growth in response to increased baseflow can provide additional bank cohesiveness 

and reduce erosion; though in others heavy in-channel vegetation growth (riparian 

encroachment) can serve to destabilize the stream and induce lateral erosion by directing flows 

toward the banks. 

Newhall Ranch has proposed an additional plant that would ultimately treat approximately 5.8 

million gallons per day at project build-out.  However discharge from the plant in the summer 

is not expected, as this water will be re-used for irrigation purposes, and we therefore do not 

expect further change in riparian vegetation growth as a result. 

3.5 Saint Francis Dam Breach 

On March 12, 1928 the Saint Francis Dam, located in San Francisquito Canyon upstream of the 

Newhall project, failed and released approximately 30,000 acre-feet of water over the course of a 

few hours, with an estimated peak discharge of up to 800,000 cubic feet per second (Newhall, 

                                                      
1 Drainage area calculations were based on USGS gaging station watershed data at Piru and Castaic Dams, and 

gages on the Santa Clara River at the L.A./Ventura County line and near Piru. 

                                                                                                  Balance Hydrologics, Inc. 

 

 
 
 



 

205018 Newhall Hydromod Final 10‐27‐05.doc  8 

1928; and SCREMP, 2005).  This event had drastic effects on the stream reaches downstream, as 

the resulting flows were much higher than anticipated from any natural event.  Aerial 

photograph coverage during this time period is limited, however, and therefore an assessment 

of this event was not feasible.  In addition, because of the extreme size of the event, it is unlikely 

that an assessment would be beneficial for assessing hydromodification impacts.  
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4.   METHODS 

We analyzed aerial photographs from 1927, 1947, 1957, 1966/67, 1989, 2002, and 2005 to 

describe channel change in response to the major episodes described above.  The main criteria 

described were the width of the active braiding area (or meander belt width if there was no 

braiding), bank vegetation, number of channels, and width of the active channel.  Also 

described, where they could be identified, were the width and length of “islands” (vegetated 

mid-channel bars) within the stream.  Islands were typically easier to identify where vegetation 

was heavy, as the color of the vegetation highlighted the differences between channel and meta-

stable islands. 

The aerial photographs were analyzed in two different ways.  First, a qualitative comparison of 

the alluvial corridor shown in the different years’ photos was made, describing general 

differences in channel pattern and vegetation on a reach-wide scale.  Second, specific cross 

sections were defined and the above parameters measured for each year with photo coverage in 

that area to provide a quantitative comparison of channel change at these standard locations 

along the Santa Clara River (Figure 3). 

4.1 Descriptions of analysis criteria 

4.1.1 Width of active braiding corridor 

For braided reaches, the active channel width was identified primarily by noting the extent of 

active channels or recent sediment deposition.  In many cases the active corridor was bounded 

by a significant change in vegetation or sediment deposition characteristics.    

4.1.2 Relict channel corridor 

The relict channel corridor is the portion of the flood plain that does not appear to have been 

active in the recent past (within the last 5 years or so).  Typically the relict corridor is identified 

by areas of heavy or scattered vegetation containing no or few distinct channels, or areas that 

do not appear to have experienced recent sediment deposition.  Alternatively, identification was 

based on the width between farmed fields2.  Measurements of this feature were made from 

outside bank to outside bank, and include the active corridor. 

                                                      
2 The total width of the former channel migration corridor is difficult to identify in aerial photographs due to past 

and present agricultural field reclamation following major perturbations.  Where necessary, we used the width 
between agricultural fields as a estimate of the relict corridor.  
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4.1.3 Channel width 

Where a distinct channel or channels could be identified, the widths of the individual channels 

were measured.  The number of individual channel threads was also recorded, where threads 

could be distinguished.  In some cases, measurement of these features was complicated by poor 

photo resolution or contrast, and difficulty in distinguishing major channels from minor ones 

(where a full spectrum was present). 

4.1.4 Vegetation 

Vegetation was described qualitatively as bare, scattered, moderate, and heavy.  The location of 

specific areas of vegetation, such as vegetated islands, vegetation within the relict corridor, or 

vegetation along banks, was also described.  Where the resolution was adequate, the growth 

form of vegetation, or state of maturity, was also described (trees or shrubs). 

4.1.5 Number of vegetated islands 

The number of distinct vegetated islands (mid-channel bars) was also recorded at each cross-

section, where the resolution of the photographs was adequate.  Where islands could be 

identified, measurements of width and length were recorded. 

                                                                                                  Balance Hydrologics, Inc. 

 

 
 
 



 

205018 Newhall Hydromod Final 10‐27‐05.doc  11 

5.   RESULTS 

5.1 Qualitative descriptions 

Initial inspection of the series of aerial photographs showed that significant changes in channel 

planform have occurred throughout the 1900s, as would be expected in a large, braided stream 

in southern California.  Vegetation within the relict corridor (see definition above) near the 

Newhall Ranch planning area appears to become progressively heavier through time, likely due 

to the increase in agricultural water and discharge of treated effluent to the channel through the 

summer months.   

The photos show many areas of net deposition, and corresponding channel shifts in major 

depositional areas.  Single-thread, dominant channel segments are rarely present, especially in 

years following large events.  Even when there is one main channel, secondary channels are 

often present within the active channel corridor.   

Portions of the stream have been altered for flood control purposes, including stabilization of 

banks bounded by orchards and fields, or construction of levees within the active corridor.  

These levees are most prominent in the 1989 photographs (upstream of the L.A./Ventura 

County line), where the substantial segments of the main channel are confined in a flood control 

channel approximately 225 feet wide.  By 2002, however, little evidence can be discerned in the 

aerial photographs of these levees. 

The 2005 flood events caused significant changes within the Santa Clara River.  Vegetation 

within the channel was almost all completely washed out (compared to 2002 conditions), and 

many areas of significant bank-widening were identified, even in areas of heavy bank 

vegetation (Figure 4). 

There appears to be little change in agricultural constriction of the Santa Clara River over the 

span of photographs reviewed.  Through the Newhall reach, the agricultural areas appear to be 

well buffered by the relict channel and the vegetation supported there.  There were only a few 

places identified where the active channel cut into agricultural areas rather than staying within 

the relict corridor.  In contrast, within the Piru Basin (downstream of the Newhall reach), 

significant agricultural constriction and subsequent channel widening occurred over the time 

span of the photos reviewed. 
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Areas of shallow ground water between Piru and Sespe Canyon3, which support denser 

riparian vegetation than typical for the river between Valencia and Fillmore, show little if any 

significant change for all years in the studied photo-sets.  Both the density and extent of 

vegetation in these areas does not appear to change over time (despite significant differences in 

climate and other watershed factors) nor does the amount of vegetation appear to significantly 

affect channel planform, compared to upstream and downstream reaches (the braided channel 

does not shift to a single-threaded channel through the wetted reach).  

5.2 Quantitative results 

For the quantitative portion of the aerial photograph analysis we looked at four different types 

of criteria to identify physical changes to the Santa Clara River channel (Table 1; see also section 

4.1.1 for descriptions of criteria).  Because of difficulties in identifying and measuring the 

width/number of channels and number/dimensions of vegetated islands, because of the 

varying resolutions and contrasts of the photographs, we concluded that analysis of these two 

criteria were less meaningful for this study.  In other words, there was more variation due to the 

ability to identify the features for the varying quality of the photos than there was actual 

variation in the system.  While we believe that these criteria may be a valid indicator of channel 

change, more study would be needed to adequately quantify these features so they were used a 

supplementary qualitative metric. 

For this study we found that measurement of the “active corridor” (see section 4.1.1) was the 

most useful and easiest to work with to identify channel changes.  In most cases there is enough 

vegetation along the banks that the active braiding corridor is easily identified, and changes in 

the width of the corridor can be tracked from year-to-year.   

Figure 5 summarizes the changes in active corridor width over the time span of the reviewed 

photos.  Within the Newhall reach, the width of the “active corridor” at the four measured 

cross-sections varies from year-to-year by as much as 500 feet, though most of the variation is 

considerably less.  One station, in the narrows above the Piru Basin, has a very consistent 

channel width, varying by less than about 50 feet from year to year. 

To provide additional analysis, we looked at a series of recent photos (1994, 2000, and 2002-

2005) at one cross section downstream of the Castaic confluence.  For this photo set, the channel 

widened significantly between 1994 and 2000 (probably in response to the 1995 or 1998 large 

                                                      
3 See Reichard and others (1999) for a discussion of the hydrogeology of these shallow ground water areas; 

although downstream from the Los Angeles County line, results are applicable to the upstream as well, as 
discussed later in this report. 
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storms), but showed almost no change between 2000 and 2004 (Figure 6).  The channel then 

widened considerably again in response to the high-flow events in 2005. 

As a secondary check of the numbers derived for the measured standardized cross sections, we 

also measured active channel widths at approximately twenty different locations through the 

Newhall Reach on three different photo sets—1967, 2004, and 2005.  From these measurements 

an average active braiding corridor width was calculated and compared with the other years.  

In 1967, the average channel width was approximately 580 feet, which was significantly wider 

than the average width in 2002 (392 feet).  However, after the 2005 storms, the active width was 

approximately 560 feet, similar to the 1967 conditions. 

The “relict corridor” (see section 4.1.2 for definition) also proved useful as a secondary criterion, 

providing a measurement of potential changes due to agricultural encroachment or constriction 

of the flood corridor.  Measurement of the “relict corridor” at the standard cross sections 

showed that while there was some variation between photos, there is no consistent trend of 

agricultural constriction to the Santa Clara River flood corridor.  These measurements, along 

with qualitative observations that within the Newhall reach agricultural activities were 

generally restricted to outside the active corridor, suggest that agricultural encroachment has 

not historically affected the geomorphology of the Santa Clara River within the Newhall Reach. 
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6.   DISCUSSION 

The Santa Clara River is a dynamic, episodic system.  The above analyses highlight the 

magnitude of geomorphic change over the course of recent history, in response to natural and 

human disturbances in the watershed.  Understanding the magnitude of past response is a key 

factor in assessing the potential response to future urbanization within the watershed. 

The construction of Castaic Dam in 1974, regulating approximately 25 percent of the watershed 

at the L.A./Ventura County line, cut off a significant supply of sediment to the Santa Clara 

River.  This change, however, does not appear to have had an effect on the channel dimensions 

of the Santa Clara River mainstem.  The width of the active corridor, as well as the general form 

of the channel, are generally consistent both before and after construction of the dam.  It 

appears that the Santa Clara River adjusted without morphological expression to absorb this 

change.  One factor contributing to the lack of change is the seemingly large volume of 

sediment stored in the tectonic basin above the county line—a result of bedrock control 

associated with movement along the San Gabriel fault, which supports the large extent of semi-

consolidated and alluvial deposits adjoining the drainage net. 

The amount of vegetation within the Santa Clara River corridor appears to have increased since 

the 1960s, likely due to the increased summer return flows from agricultural water and to year-

round augmentation of baseflows due to treated effluent discharge to the river.  However, this 

vegetation does not seem to provide enough erosion resistance to maintain a “stable” channel 

capable of withstanding regular ‘re-sets’, which occur at intervals averaging about a decade – or 

much less than the expected lifetime of the riparian woodlands which do get established.  

Despite heavy vegetation on the active channel banks near Newhall ranch and in areas of 

shallow ground-water, the stream still responds to large events by a general widening and/or 

shift of the channel.  The role of vegetation in large-channel stability and morphology in 

Southern and Central California does fundamentally differ from that of smaller streams and 

streams elsewhere in the country.  The geomorophic and historical record shows that resets 

have been occurring throughout the recent geologic past in basins exceeding a certain size.  One 

partial explanation may be that ‘re-set’ flood events in these larger channels exert stresses 

beneath or around the riparian vegetation exceeding the vegetation’s threshold of stability4. 

                                                      
4 Sedimentologists note that crossbeds in the alluvium of the Santa Clara River are often 8 to 12 feet high, 
equal or greater than the depth to which roots can interpenetrate in most riparian settings in the region. 
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As stated above, the Santa Clara River, as with many streams in semi-arid southern California, 

is highly episodic.  Concepts of “normal” or “average” sediment-supply and flow conditions 

have limited value in this “flashy” environment where episodic storm and wildfire events have 

enormous influence on sediment and stormflow conditions.  Many of these channels are 

actively adjusting to lower flows than the last major event, which may have occurred some 

years before5 (Hecht, 1993).  In these streams, a large portion of the sediment movement events 

can occur in a matter of hours or days.  In many of these channels most sediment is moved—

and most bed changes occur—during the large flow events resulting from storms that may be 

expected approximately every 5 to 15 years (c.f., Capelli and Keller, 1993; Hecht,1993; Inman 

and Jenkins, 1999; Knudsen and others, 1992; Kroll and Porterfield, 1969). 

Evidence of episodic channel changes can be seen in the Newhall reach of the Santa Clara River.  

Based on aerial-photograph interpretation of a near-yearly sequence of aerial photographs from 

within the last decade, the channel appears to maintain a consistent planform during average or 

dry rainfall years (such as between 2000 and 2004).  Large events, however, (such as that which 

occurred in February 1998 and January 2005) can significantly modify this channel form.  This 

widened and/or shifted channel (like that which was present after the 1998 or 2005 stormflow 

events) then sets the geomorphic template for subsequent normal to dry years.  This model, 

similar to that described for the Ventura River by Capelli and Keller (1993), suggests that the 

geomorphology of the Santa Clara River is primarily driven by these large events. 

Other perturbations which potentially affect channel geometry appear to have transitory or 

minor manifestations.  For example, effects on the channel width due to 1980s levee 

construction are barely discernible by the first few years of the 21st century, probably mostly 

due to morphologic compensation associated with the mid- to late-1990s storm events. 

                                                      
5 Actively adjusting channels may be aggrading, incising, expanding or otherwise changing channel dimensions, 

depending on the magnitude, type, and various effects of the episodic event. 
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7.   CONCLUSIONS 

Based on the study of historic aerial photographs described above we conclude that: 

 Major perturbations within the Santa Clara River watershed (dam construction, levee 

construction, changes in flows in response to decadal-scale climatic patterns, and 

increases in woody vegetation) do not appear to have had a significant impact on the 

geomorphic expression of the Santa Clara River, as quantified from measurements made 

from a series of historical aerial photographs flown during the years 1927 through 2005. 

 Large events (those which are typically not as affected by increases in impervious area 

and associated increases in stormwater peaks and runoff volume) can completely alter 

the form of the Santa Clara River channel.  We call these events “re-set” events.  These 

events, perhaps occurring on average once every ten years, are a dominant force in 

defining channel characteristics. 

 The geomorphic dominance of “re-set” events overwhelms geomorphic effects of 

hydromodification on smaller events.  Due to these episodic “re-sets” we do not expect 

hydromodification feedback “unraveling” of the Santa Clara River mainstem, as is seen 

in many smaller southern California watersheds6.  The “re-set” events appear to 

adequately buffer changes that may occur in short-term sediment transport.   

 While there is no expected increase in summer flows due to additional treated effluent 

discharge to the Santa Clara River, even if summer baseflow do increase we would not 

expect a significant change within the channel.  Additional growth in the extent or 

density of vegetation is not anticipated, as the reach near Newhall already appears to 

have enough flow to support summer vegetation, and the existing vegetation does not 

appear to affect channel form for durations longer than the “re-set” interval.  Further, re-

sets occur at intervals significantly shorter than the period required for maturation of 

riparian vegetation, such that full development of bank-holding properties is frequently 

interrupted.  

 Given that the channel morphology of the Santa Clara River mainstem has not adjusted 

significantly to much larger perturbations in flow, sediment yield, and riparian 

                                                      
6 In many smaller streams, hydromodification of moderate events can induce incision of the stream bed, which 

reduces the connection of the stream to the floodplain.  This disconnect, in turn, increases the erosive forces of the 
flows (concentrating more flow in the channel) and causing further erosion, and thus a positive feedback response. 

                                                                                                  Balance Hydrologics, Inc. 
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vegetation growth factors, within the Newhall reach, we do not expect a significant 

geomorphic impact to the Santa Clara River mainstem due to the anticipated increase in 

‘urban area’ from four to nine percent. 

                                                                                                  Balance Hydrologics, Inc. 
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8.   LIMITATIONS 

The analyses in this report were designed to help bracket the range of likely effects on the 

geomorphology of the Santa Clara River due to proposed urban expansion under the General 

Plan, inclusive of the Newhall Ranch Specific Plan projects.  It does not consider specific 

elements of the project or of evolving mitigation measures; rather, it focuses upon the 

susceptibility to perturbation of the Santa Clara River corridor as a whole.  We believe that it 

conforms with the standard of care applicable to reconnaissance studies of this nature; no other 

warranty, expressed or implied, is made. 

The above analyses and discussion were intended to assess the potential cumulative impacts to 

the Santa Clara River mainstem (not tributaries) due to the anticipated urban expansion in the 

watershed.  While we conclude that urban expansion from approximately four- to nine-percent 

urbanized (not ‘impervious’) will not significantly affect the channel geomorphology of the 

Santa Clara River, we do expect that there might be a response to urbanization on a larger scale.  

However, further study would be required to define what the likely threshold and magnitude 

of response might be. 

We ask readers to note that this is a reconnaissance report.  It is intended to bracket likely future 

conditions, to identify factors which must be better known, and to help guide initial planning.  

This report should not be used to site or design individual facilities without further site-specific 

investigations.  Similarly, it is not intended to serve as basis for flood management or detailed 

floodplain planning, both of which should be conducted by well-defined and site-specific 

procedures, and which frequently require multiple lines of evidence. 

The application of geomorphic history to inferring future channel and corridor change has a 

long and respected record in the earth sciences.  As with all history or archival analysis, the 

better the record is known and understood, the more relevant and predictive the analysis can 

be.  We do encourage readers who have knowledge of other events or processes which may 

have affected the river to let the authors know at the first available opportunity.  The authors 

and their contacts via several different media are given on the signature page of this report. 

                                                                                                  Balance Hydrologics, Inc. 
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vegetation other descriptions
(feet) (feet) (feet) (feet) (feet) (feet)

X1 downstream of 
Castaic 8/16/1947 570 1247 yes? 71 3? 107 can't 

define n/a n/a
moderately vegetated with some 
portions of relict corridor heavily 
vegetated

Just downstream a heavily vegetated bar is cut 
by a very distinct secondary channel

7/20/1966 729 1173 yes 27 1 27 1 497 86

almost no vegetation within primary 
corridor except two areas near the 
primary channel and scattered small 
patches, only scattered vegetation on 
relict corridor

while there is only one main channel the rest of 
the primary corridor is section is almost deltaic in
planform, spreading out from constriction 
upstream (possibly high sediment load coming in
from Castaic)

5/26/1989 173 1171 yes, but 
small 43 1 43 0 n/a n/a

banks of meander corridor have 
scattered vegetation (less than 2000) 
with very little within braiding corridor

meander corridor is very distinct and straight, 
could be from flood control dredging; 

6/1/1994 337 1167 yes 72 2 97 1 551 171 light to moderate vegetation on braiding 
corridor banks very little vegetation within braiding corridor

2/1/2002 505 984 yes 42 2 50 poorly 
defined n/a n/a

relict braiding corridor is well-vegetated; 
meander belt/bar is lightly to moderately 
vegetated; at least one main channel 
bank is well-vegetated (alternates w/ 
meanders)

secondary channel essentially cuts off meander

4/1/2004 505 978 no n/a 3 87 2 929, 251 248, 56
heavy vegetation along former primary 
channel; relict corridor also heavily 
vegetated

there are two distinct channels, approximately 
the same size

3/1/2003 510 965 yes 75 1 45 0 n/a n/a

heavy vegetation on northern bank; 
some scattered vegetation within active 
corridor and surrounding low-flow 
channel

channel branches just downstream of cross 
section; very similar to 2002 and 2004 photos

2/1/2005 601 999 no n/a 3 106 poorly 
defined n/a n/a

no vegetation in main portion of channel;
right bank has heavy tree cover, left 
bank has few trees

the main channel is about 340 feet wide with an 
obvious overbank deposition area (with very little
vegetation)

X2 Upstream of  
County line 8/16/1947 532 1197 yes 89 2 133 1 355 133

vegetation is heavy (probably trees) on 
relict corridor; moderate (probably 
scrub) within active corridor (difficult to 
distinguish)

very distinguishable difference between active 
and relict corridor within this reach

3/6/1963 491 1352 no n/a difficult to 
define n/a 6

252, 283, 
82, 441, 94, 

410

44, 57, 52, 
76, 38,63

several well-defined islands behind 
established vegetation (individual shrubs
or small trees); relict corridor has 
moderate to heavy tree cover

very braided planform; switches to 
predominately single-thread channel just 
downstream

5/26/1989 651 651 yes 43 3 108 1 2385 477

relict corridor has scattered trees with 
moderate to heavy shrub or grass 
cover; central island (along levee) has 
similar vegetation

well-defined flood control channel, but has been 
breached and there is a significant secondary 
channel to the north of the levees; included a 
portion of the island between the flood control 
channel and the secondary channel in the relict 
channel (no sign of recent deposition)

Aerial photograph cross section data at selected locations near Newhall Ranch, Los Angeles County, CA.  See text for explanation and interpretation of data.  Locations of cross 
section are labeled on Figure 2.  Photo sources are listed in Appendix A.

Photo cross section data.xls, Adjusted data Table 1, page 1 of 4 ©2005  Balance Hydrologics, Inc.
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vegetation other descriptions
(feet) (feet) (feet) (feet) (feet) (feet)

6/1/2002 608 1258 yes 131 1 131 0 n/a n/a
relict corridor on north bank has heavy 
tree cover; meander bends are eroding 
tree bank vegetation in places

stream has meandering planform, though 
meander belt (400' wide) has high sediment 
deposition and little vegetation; no evidence of 
flood control levees (meanders have widened to 
erode levees); active channel includes meander 
belt and area of significant recent sediment 
deposition to the north of the meander belt

2/1/2005 674 1240 yes 97 3 192 1 475 155

almost no vegetation within active 
channel; relict corridor on both banks 
has moderate tree cover; much 
vegetation eroded away since 2002

numerous very small channels present as well

X3 downstream of 
county line 8/16/1947 362 805 yes, at 

this xs 80 2 121 can't 
define n/a n/a outer banks of braiding corridor seem 

heavily vegetated

there seems to be one main channel through this
reach, with extensive deposition of sediment 
outside of the channel

7/20/1966 140 714 yes 51 2 77 0 n/a n/a banks of braiding corridor are heavily 
vegetated

5/26/1989 273 864 yes 91 2 114 1 136 23 only scattered vegetation on banks of 
braiding corridor

braiding corridor looks as though it may be a 
leveed flood control channel

2/1/2002 249 1466 yes 41 3 79 2 344, 219 66, 36

scattered vegetation on u/s ends of 
islands; some recent deposition of 
sediment within relict braiding corridor 
(which is predominately heavily 
vegetated

2/1/2005 587 1472 yes 97 3 145 1 543 110
no vegetation in active corridor; right 
bank has heavy shrub cover with some 
trees, left bank has light shrub cover

X4 upstream of 
Piru Basin 8/16/1947 282 885 yes 121 1 121 can't 

define n/a n/a
little to no vegetation within braiding 
corridor; relict braiding corridor has 
heavy tree/shrub cover

7/20/1966 281 383 no n/a 3 26 poorly 
defined n/a n/a

5/26/1989 318 591 yes 68 1 68 1 91 23 meander belt banks lined with trees; 
meander belt itself covered with shrubs

"braiding corridor" is actually the meander belt; 
meander belt outside of channel is heavily 
vegetated

2/1/2002 266 426 yes 35 3 45 1 340 36 secondary channels may be present in other 
photos, but resolution is poor, esp. 1948

2/1/2005 281 495 yes 44 1 44 0 n/a n/a

vegetation on right bank of main channel
has diverted some flow over the relict 
corridor, though conditions are similar in 
2002; moderate to heavy trees and 
shrubs on both banks

conditions are very similar to 2002, but with 
slightly wider and much clearer channel

Photo cross section data.xls, Adjusted data Table 1, page 2 of 4 ©2005  Balance Hydrologics, Inc.
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vegetation other descriptions
(feet) (feet) (feet) (feet) (feet) (feet)

X5 upstream of 
Piru confluence 4/1/1927 1834 3191 no n/a many n/a 3 3060, 1170, 

468 540, 450, 90

sparse scrub vegetation within active 
corridor, but enough to define the 
complex channel pattern; only slightly 
more vegetation (or possibly just less 
recent sediment deposition) in relict 
corridor

relict channel is mainly an artifact of flow 
deflection by several long levees just upstream; 
typical braided stream with channels of varying 
widths and scales (can not define number of 
channels due to complexity and scale variation 
of channels); only measured large islands

8/16/1947 1449 3066 no n/a 0 n/a 1 1282 279
island appears heavily vegetated; relict 
channel has moderate vegetation, 
possibly some farming

active channel is very burnt in; no evidence of 
levees, but would be difficult to see

11/10/1966 957 3051 no n/a
complex 
channel 
pattern

n/a
too 

complex 
to define

n/a n/a

no vegetation within active corridor; 
sparse scrub vegetation within relict 
corridor, but very patchy (may be due to 
clearing)

flood control channel is present down middle of 
active corridor (196' wide); stream has complex 
braiding pattern, even with flood control channel 
present

6/20/1989 1796 2993 no n/a
complex 
channel 
pattern

n/a
too 

complex 
to define

n/a n/a

light scrub vegetation within active 
corridor; vegetation is obviously 
stabilizing small islands, at least until the
next big event; relict corridor is sparsely 
vegetated

little evidence of flood control channel but may 
have been some excavation in middle of active 
corridor (~300' wide); 

6/1/2002 1730 2452 no n/a 5 1000 3 1200, 1085, 
1520

384, 406, 
400 

moderate scrub vegetation on islands 
within active channel, similar to 1989 but
slightly heavier

channels were relatively easy to pick out due to 
moderate scrub vegetation; channel width does 
not necessarily correlate to other measurements 
(where the only measurable parameter was 
wetted width) 

X6 downstream of 
Piru confluence 4/1/1927 1713 1983 yes 18 1 18 0 n/a n/a

no vegetation within braiding corridor; 
only scattered vegetation on relict 
corridor; heavy trees along portions of 
the south bank of relict corridor

very wide braided corridor with little definition 
(too burnt-in to define secondary channels)

8/16/1947 1767 1983 no n/a 0 n/a 0 n/a n/a looks similar to 1927 conditions

9/1/1957 1220 1449 yes 25 3 51 2 875, 1750 325, 425
very sparse scrub vegetation in active 
corridor; some small trees on relict 
corridor (where corridor is present)

well-defined flood control channel through this 
reach (136' wide), but there are several 
secondary channels outside the levees; 
diversion ponds present near the north bank; 
larger island cut by flood control channel

11/10/1966 1132 1563 yes 32 4 388 2 2125, 750 850, 250

large island is moderately vegetated 
with scrub and one line of heavy 
vegetation; relict braiding corridor is 
similarly vegetated

braiding corridor has been confined on both 
sides by levees (especially on the northern 
portion); looks like the southern levee was 
recently overtopped (that area was included in 
the relict corridor); main channel divides in two in
some areas

6/20/1989 1082 1082 no n/a n/a n/a 1 685 180
sparse scrub vegetation growing on 
poorly-defined islands within channel 
and near piers

lots of recent grading within the channel, several 
levees in the middle of the corridor and a series 
of piers on the southern bank

6/1/2002 1050 1245 no n/a none n/a 0 n/a n/a
very little vegetation in this portion of the 
stream; some scattered scrub on relict 
corridor, even less within active channel

217-foot wide flood control channel begins just 
d/s of xs (poorly defined, though)

Photo cross section data.xls, Adjusted data Table 1, page 3 of 4 ©2005  Balance Hydrologics, Inc.
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vegetation other descriptions
(feet) (feet) (feet) (feet) (feet) (feet)

X7

between Piru 
and Sespe 
(ground-water 
upwelling)

8/16/1947 1694 2472 no n/a 4
difficult to 
define the 

widths

can't 
define n/a n/a

this area is heavily vegetated; difficult to 
distinguish active braiding corridor from 
relict corridor

looks like there has been some flood control 
work in this area, two very straight channels 
through here, but masked some by vegetation

9/1/1957 1446 2253 yes 168 4 370 2 4624, 8500 272, 408

northern portion of the corridor (including
flood control channels) have heavy 
vegetation outside of the channels; the 
southern portion of the corridor has 
sparse vegetation

the main channel, and possibly the secondary 
channel, have been altered for flood control

6/20/1989 749 2697 yes 37 2 150 1 1386 449

thick vegetation (with trees) along main 
channel; very little vegetation otherwise 
within active braiding corridor; moderate 
vegetation in northern portion of relict 
corridor, but only scattered brush in 
southern

no evidence of flood control alteration; 
downstream the corridor has been severely 
constrained by encroaching agriculture

6/1/2002 551 2767 yes 42 2 65 1 396 108

heavy vegetation (trees) along 
secondary channel along north bank; 
scattered shrub (with some trees) 
vegetation within active corridor, some 
defining the edges of bars; heavy scrub 
vegetation on south relict corridor with 
scattered trees; heavy trees and scrub 
on northern relict corridor

just upstream there is a distinct main active 
corridor and an overbank area of deposition; the 
main active corridor has portions lined with 
heavy trees, but becomes less distinct further 
upstream (no vegetation)

X8 just downstream 
of Sespe Creek 8/20/1947 2003 2003 no n/a 6 601 can't 

define n/a n/a limited, if any photo very burnt in, but channels less well-
defined than in other photos

8/13/1967 701 2203 yes 100 3 250 1 2804 401 limited, if any one single-thread channel with one minor 
channel

6/20/1989 1532 1723
yes, but 
less so 

than 1967
153 5 306

poorly 
defined; 

small and 
well- 

vegetated

n/a n/a

islands are more heavily vegetated 
away from main channel; main channel 
bank is ~75 vegetated w/ thin vegetation 
line; more vegetation than in other 
photos

6/1/2002 670 1820 no n/a 3 170 1 801 216

islands are moderately well-vegetated; 
relict corridor has scattered vegetation, 
Sespe mainstem has heavy vegetation 
along low-flow channels

interpretation complicated by Sespe confluence, 
but looks very similar to 1989 photo

Photo cross section data.xls, Adjusted data Table 1, page 4 of 4 ©2005  Balance Hydrologics, Inc.
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Figure 1. Timeline of selected major events in the upper Santa Clara River, 
California.  Also shown (at top) are the years for which aerial photographs were 
analyzed.
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Annual unit runoff (annual flow per square mile) for the Santa Clara River 
near Newhall at two separate gaging stations.  Note that flow in drier years has 
increased since the 1960s, most likely due to release of treated effluent to the River.

Figure 2.

gage data not available

gage data not available

gage data not 
available



Figure 3. Location of channel cross sections on the Santa Clara River, measured on 
aerial photographs.  
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Figure 4. Comparison of 2004 and 2005 conditions on the Santa Clara River, just 
downstream of the L.A./Ventura County line.  Note that significant channel widening 
occurred in response to the 2005 events, even in heavily vegetated areas.  See appendix A 
for photo sources.
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Figure 5. Measurements of active braiding corridor width from aerial photographs, 
for cross sections on the Santa Clara River.  

Newhall reach



Figure 6. Progression of aerial photographs downstream of Castaic Canyon, showing 
channel change between 1993 and 2005.  Note that there was little change between 
2000 and 2004, but the active corridor widened significantly in response to the 2005 events, 
and that channel traces within the active corridor were effectively erased.  See appendix A 
for photo sources.205018 Photo Figures.ppt ©2005  Balance Hydrologics, Inc.
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Appendix A:    

Date Number of 
photos

Nominal 
Scale

Hard 
Copy?

Electronic 
copy?

Image Type Source/Vendor Remarks

1927 6 2000 yes yes b/w Whittier College:  80, 82, 84, F27, F28, F31
Only available photography prior to the March 
1928 collapse of the Saint Francis Dam.  
Photos show area near Piru confluence

August 16, 1947 34 24000 no yes b/w - Vert Cart USGS_GS-EM, Rolls 3, 5, 7 Previews downloaded already are sufficient.

1957 2 2000 yes yes b/w Whittier College: 109, 123 1957 photos are for justdownstream of Piru 
Creek. Piru Dam was closed in 1957.

March 6, 1963 1 (2) 21670 no yes b/w - Vert Recon USGS_ARMC630001L0049  a,b high resolution scans

July 20, 1966 2 (4) 21670 no yes b/w - Vert Recon USGS_ARM6625001L1362  a,b   
USGS_ARM6625001R1357  a,b high resolution scans

August 19, 1966 1 (2) 21670 no yes b/w - Vert Recon USGS_ARM6628502L1314 a,b high resolution scans

September 13, 1966 1 (2) 21670 no yes b/w - Vert Recon USGS_ARM6631405R1165 a,b high resolution scans

November 10, 1966 2 (4) 21670 no yes b/w - Vert Recon USGS_ARM6638605L1238 a,b   
USGS_ARM6638605L1242 a,b high resolution scans

August 13, 1967 1 30000 no yes b/w - Vert Cart USGS_AR1VBUK00010110 Preview already obtained.  Downstream of 
Sespe Creek

May 26, 1989 5 31680 yes yes b/w WAC-89CA, 27-42 LA County 

WAC-89CA, 27-62 LA County 

WAC-89CA, 27-84 LA County 

WAC-89CA, 27-109 LA County 

WAC-89CA, 27-135 LA County 

May 1, 1989 6 2000 yes yes Color PAS_89 06-20 PW VEN 7-229 Ventura County

PAS_89 06-20 PW VEN 7-231 Ventura County

PAS_89 06-20 PW VEN 7-233 Ventura County

PAS_89 06-20 PW VEN 7-235 Ventura County

PAS_89 06-20 PW VEN 7-269 Ventura County

PAS_89 06-20 PW VEN 7-237 Ventura County

June 1, 1994 n/a unknown b/w, georeferenced GlobeXplorer downloaded select sections from LA and 
Ventura County

April 1, 2000 n/a unknown no yes color, 
georeferenced GlobeXplorer downloaded select sections from LA and 

Ventura County

February 1, 2002 4 Unknown no yes Color, 
georeferenced AirPhotoUSA (from GeoSyntec) Covers all of Newhall project area

Summary of aerial photographs used for assessment of potential hydromodification effects on the Santa Clara River, 
Newhall, California.

205018 Appendix A--Aerial Photos.xls, Appendix A Appendix A, Page 1 of 2 ©2005 Balance Hydrologics, Inc.



Date Number of 
photos

Nominal 
Scale

Hard 
Copy?

Electronic 
copy?

Image Type Source/Vendor Remarks

July 23, 2002 n/a unknown no yes Color, 
georeferenced GlobeXplorer downloaded select sections from LA and 

Ventura County

March 1, 2003 n/a unknown no yes Color, 
georeferenced GlobeXplorer downloaded select sections from LA and 

Ventura County

April 1, 2004 n/a unknown no yes Color, 
georeferenced GlobeXplorer downloaded select sections from LA and 

Ventura County

October 13, 2004 n/a unknown no yes Color, 
georeferenced GlobeXplorer downloaded select sections from LA and 

Ventura County

February 1, 2005 n/a unknown no yes Color, 
georeferenced GlobeXplorer only avaialable for LA County

205018 Appendix A--Aerial Photos.xls, Appendix A Appendix A, Page 2 of 2 ©2005 Balance Hydrologics, Inc.
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1. INTRODUCTION 
 
The purpose of this report is to summarize hydrograph modification (hydromodification) 
control alternatives for the Newhall Ranch project areas tributary to the Santa Clara River 
tributaries: Lion, Long, Potrero, Chiquito, and San Martinez Grande Canyons (herein referred 
to as “the tributaries”).  Geosyntec Consultants has developed and used in this report a state-of-
the-art analytical technique to evaluate and address hydromodification impacts that result from 
watershed development.  This unique approach has been developed to provide a more accurate 
assessment of the changes that take place in stormwater runoff, stream flows, and sediment 
transport characteristics due to watershed development than traditional hydrologic analysis 
methodologies.  It is intended to allow for development of more effective long-term solutions 
to protect the receiving channels from excessive erosion and degradation.   
 
Three basic hydromodification control alternatives are available: 
 

1. Hydromodification control using flow duration control basins only (called “on-site 
control”) to mimic the natural hydrologic characteristics (flow rates, volumes, and 
duration) of the project area.   

2. Hydromodification control using geomorphically-referenced natural channel design, 
such as incorporating in-stream grade control structures to provide an equilibrium slope 
that maintains the existing sediment transport capacity (called “in-stream control”).  
This option can also be used to restore already degraded stream channels. 

3. Hydromodification control using a combination of flow duration control basins and in-
stream grade control (called the “mixed control alternative”).   

Additional alternatives that were not investigated for this report include “bypass” and storage 
of excess runoff volumes for irrigation reuse.  The bypass alternative consists of piping excess 
stormwater runoff flows directly to the Santa Clara River instead of to a tributary canyon.  The 
Santa Clara River is capable of withstanding excess flows from the Newhall Land development 
projects without hydromodification impacts (see further Appendix F, Balance Hydrologics, 
2005).  This alternative may be feasible for portions of the Homestead and Potrero Valley 
Projects that are in close proximity to the Santa Clara River.  In the irrigation reuse alternative, 
excess surface runoff could be directed to storage tanks or above ground water features located 
in parks or a golf course for irrigation reuse, or alternatively, to blend excess stormwater runoff 
with reclaimed water from the proposed Newhall Water Reclamation Plant for reuse.  These 
additional alternatives may be investigated at the project level. 
 
This report is organized as follows: 
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Section 2 summarizes hydromodification and its effects on the fluvial geomorphology of the 
receiving waters, and describes the computational steps used in our analysis.  This section also 
summarizes the hydromodification control options that will be implemented on the Newhall 
Ranch projects.   
 
Section 3 presents normalized sizing charts for hydromodification (flow duration) control 
basins for the on-site control alternative and describes the methodology used to produce the 
charts.  These charts provide unit volume and area requirements that are applicable the Newhall 
Ranch Specific Plan area.   
 
A technical memorandum prepared by Phillip Williams and Associates, Attachment A to this 
report, provides the basis of design for in-stream control in the Newhall Ranch tributary 
drainages (Lion Canyon, Long Canyon, Potrero Canyon, Chiquito Canyon, and San Martinez 
Grande Canyon).  Appendix A also describes the existing geomorphic and hydrologic setting 
within these tributaries. 
 
The evaluation contained in this report was based on preliminary project land use plans and the 
following assumptions: 
 

• The hydrologic model assumes that the proposed water quality treatment BMPs will 
infiltrate and/or evapotranspire a minimum of 20% of the captured runoff volume.  The 
water quality treatment BMPs will be sized to capture 80 percent of the average annual 
runoff volume.  

• Existing channel geometry and longitudinal slope are as specified by PACE in the 
tributary reports for Chiquito, Lion, Long, and Potrero Canyons (PACE 2005). 

• The critical shear stress values were primarily based on NRCS soil type data and 
measured data provided in the Hydraulic, Sediment Yield and Sediment Transport 
Study conducted by URS (2002) for Chiquito Canyon.  Critical shear stress values for 
Long, Lion and Potrero were determined from bed grain size distributions and channel 
hydraulics.   

• The channel material in the post-developed condition was assumed to be the same as 
that used for the existing condition.  In other words, the material type and critical shear 
stresses were held constant from pre-development to post-development.   

• The amount of bed material (sediment) transported under existing conditions in the 
stable reaches of each canyon represents the baseline condition used in tributary design 
to be maintained in the post-development condition.   

• Reductions in sediment supply were provided by PWA using the proposed project 
developing area.  Changes in sediment supply (in percent) is accounted for by reducing 



  

3 

the sediment transport capacity (in percent) by an equivalent amount in the post-
developed condition.   

2. HYDROLOGIC MODELING 

Geosyntec modeled the pre- and post-development hydrology, hydraulics, and sediment 
transport capacity of flows in the tributaries.  Two land use scenarios were analyzed: 1) existing 
conditions and 2) developed conditions with water quality treatment BMPs.  Developed 
conditions include the proposed natural channel designs developed by others.   
 
The existing condition represents pre-development for the NRSP projects.  Existing land uses 
in the NRSP area consist of open space, agriculture, and oil and gas extraction wells with 
associated access roads.  Before human disturbances, channels generally evolved over time to 
balance watershed characteristics (e.g., rainfall patterns, surface runoff, and infiltration rates) 
and sediment load (e.g., soil type and erodibility) with channel planform, slope, cross sectional 
dimensions, and boundary material resilience.  The currently stable reaches in the existing 
condition are the baseline conditions to be maintained after development, as opposed to channel 
conditions prior to human disturbance   
 
Proposed conditions represent post-development with water quality treatment BMPs in place 
for each tributary watershed consistent with those proposed in the NRSP Subregional SWMP 
and the Project Water Quality Technical Reports.  Proposed conditions are compared to the 
existing conditions to evaluate changes in sediment transport capacity created by the proposed 
project.  Project Design Features (PDFs) will be designed to avoid, reduce and/or manage 
stormwater runoff in a way that reduces potential impacts to less than significant when 
compared to existing conditions.  Reductions in sediment supply caused by covering the 
landscape is accounted for by reducing the sediment transport capacity in the proposed channel 
by the same percentage.   
 
2.1. Hydromodification 

2.1.1. Hydrologic Processes 

It is well documented that urbanization modifies the natural watershed and stream hydrologic 
and geomorphic processes by altering the landscape, modifying vegetation and soil 
characteristics, and introducing impervious surfaces and drainage infrastructure.  The resulting 
increases in the volume, frequency, and cumulative duration of runoff from development are 
known as hydromodification.  Changes to the rainfall-runoff regime resulting from 
development intensifies sediment transport and erosion processes, and often leads to channel 
degradation and adjustment in channel morphology.   
 
Research over the last decade has concluded that assessment of stream channel stability should 
address the long-term cumulative effects of all sediment-transporting and erosive flows.  As a 
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result, continuous hydrologic modeling and analysis is required to fully address changes in the 
full range of geomorphically significant flows and the long-term cumulative effects of 
watershed development.   
 
Continuous hydrologic modeling incorporates the full distribution of all rainfall events and uses 
flow duration as a basis for work and sediment transport computations.  This approach assesses 
all of the “geomorphically significant flows” regardless of their magnitude.  No assumption is 
necessary regarding which storm (or storms) adequately characterizes all the important 
hydrologic conditions.  This approach utilizes the entire rainfall record, thereby incorporating 
small and large storms, frequent sediment transporting flows, wet years and droughts, back-to-
back storms, and antecedent conditions. 
   
2.1.2. Geomorphic Processes 

Stream channel size and form are established through a balance between the imposed flow 
energy, sediment type and supply, and the ability of the channel boundary to resist erosion, 
which is influenced by the presence and density of vegetation.  A stable channel is loosely 
defined as one that neither aggrades nor degrades, but instead maintains its average cross-
section, planform, and profile features over time and within a range of variance.  In high 
sediment load systems, channel alignment and profile change frequently within limits.  Pulse 
loads of sediment from episodic events, such as landslides, often result in a slug of sediment 
migrating downstream through the system.  This slug causes aggradation of sediment followed 
by degradation as the slug is dispersed and transported downstream.  This system may not 
appear stable, creating and destroying channel forms, but all this activity usually stays within 
the defined flood banks and is a natural condition in Southern California watersheds.  
 
A stable channel system can tolerate short-term disturbances without significant change; e.g., 
El Nino winters or burned watershed.  A disturbance of sufficient magnitude and duration that 
exceeds the system’s ability to self-regulate, such as watershed development, causes the 
channel to begin a permanent evolutionary change.  Persistent changes in watershed hydrology 
and sediment supply can cause the system to adjust and not return to its previous form, but 
instead to evolve to a new one.  
 
Research has shown that the frequency and duration of geomorphically significant flows 
control channel form and the sediment transport processes.  Stream restoration professionals 
typically select a 1.5, 2-, or 5-year peak flow as the design flow for natural channel design.  
Common terminology refers to this as “bankfull flow”, “dominant”, or “most effective 
discharge.”  However, research has also showed that urbanization changes the most effective 
discharge from its natural state to a much more frequently occurring flow.  The continuous 
modeling approach explicitly incorporates the geomorphically significant flows under both 
existing and developed conditions, including changes in frequency of occurrence and 
magnitude.   
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2.1.3. Runoff Computational Methodology 

The hydromodification analysis uses the USEPA Storm Water Management Model (SWMM) 
to generate a long-term stormwater flow rate and duration data for each of the canyons.  
SWMM was selected as it is capable of modeling stormwater treatment devices in addition to 
drainage areas and pipe and channel networks. SWMM is a public domain model that is widely 
used for modeling hydrologic and hydraulic processes affecting runoff from urban and natural 
drainages.  The model can simulate all aspects of the urban hydrologic cycle, including rainfall, 
surface and subsurface runoff, flow routing through the drainage network, storage, and 
treatment.  The model is particularly appropriate for analyzing both pre- and post-development 
flow duration because the model takes into account the effects of precipitation, topography, 
land use (accounting for any change in impervious cover), soils, and storage and treatment by 
Best Management Practices (BMPs) on surface runoff, infiltration, and evapotranspiration.   
 
The SWMM model is designed to run in continuous simulation mode such that longer-term, 
more realistic hydrologic and hydraulic analyses could be performed. The continuous 
simulations allow for a direct frequency and duration analysis of flows in individual sub-
watersheds and main-stem hydraulics.  The continuous hourly rainfall record used for the 
analysis extends for 31 years, from 1972 through 2002. 
 
Each canyon sub-watershed is divided into catchments to account for differences in 
topography, soils, and post-development land use.  SWMM subdivides each catchment 
(drainage area) into two inclined planes, one for impervious areas, and one for pervious areas.  
A non-linear reservoir algorithm, coupling Manning’s equation and the continuity equation, is 
applied to estimate runoff, taking into account rainfall intensity, initial losses, 
evapotranspiration, and infiltration (for pervious areas). The width and length of each plane is 
selected based on the drainage area configuration and existing and proposed drainage features.  
Thus, in addition to rainfall, input data characterizes imperviousness, soils, topography, and 
losses associated with evapotranspiration, infiltration, and initial losses.  Flows are then routed 
to BMPs (where present) and then to the main/collector channels and pipes.  SWMM uses 
dynamic routing of stormwater flows through natural channels or constructed channels and 
pipes to the outfalls to the receiving water.   Outputs of continuous stream flow hydrographs 
are then used in the hydromodification computations described below.  
 
Runoff volumes and flows are predicted for two scenarios: 
 

• the pre-development (existing) condition, and 

• the post-development with BMPs condition.  

Further detail on the SWMM analysis used for this report is provided in Appendix B of the 
NRSP Sub-Regional SWMP. 
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2.1.4. Hydromodification Computational Methodology 

The basis of the hydromodification analysis method is to compare the total amount of work that 
would be expected to move sediment and contribute to the erosion and deposition processes 
between pre- and post-development conditions.  The total amount of work done can be thought 
of as equivalent to the total sediment load transported over a long period of time.  The 
comparison is accomplished by considering the relative changes between pre and post project 
conditions as a ratio called the Erosion Potential (Ep).  This approach does not presume the 
accuracy of sediment transport equations, but rather looks at the magnitude of change in work 
imposed on the channel by watershed development and looks at the magnitude of change in the 
transport of bed material.  Comparing changes in terms of ratios is preferred because it reduces 
the affects of inaccuracies and uncertainty in the methodology and calculations.  
  
Episodic events of fire, debris flows and/or landslides contribute slugs of sediment that migrate 
through the canyons as large scale sediment waves.  At any given location, local channel 
dimensions and slope can change in response to episodic events.  Although this methodology 
may consider several cross sections along the tributary alignment, it does not draw conclusions 
regarding the transport capacity between reaches.  The dynamic nature and frequency of change 
during large flow events makes comparisons between reaches a short-term academic exercise.  
Instead, we look at the change in work between pre- and post-development continuously over a 
long rainfall record at representative cross-sections along the length of the channel.  
  
Channel Hydraulics:  Hydraulic calculations convert modeled flow rates to depth, velocity, and 
shear stress based on cross-section geometry, roughness, and slope.  Shear stress is the force 
applied to the channel boundary during any given flow rate.  Shear stress, depth, and velocity 
are taken from the central channel as opposed to the cross sectional average. The computations 
are completed following the Army Corps of Engineers HEC-2 method, where conveyance (K) 
is computed and summed between individual elevation points.  Channel hydraulics are 
computed using normal flow2 assumptions.   
 
Work Index:  The direction of current research is to use indices3 to distinguish between eroding 
and non-eroding, or stable and unstable channel conditions (Booth, 1990; Bledsoe, 2001; 
MacRae, 1996; and SCVURPPP, 2005).   Indices are attractive because they are simple to use 
and less expensive to apply compared to full scale sediment transport modeling.  Sediment 
transport equations are only approximate and should be verified with field measurements.  An 
un-calibrated sediment transport model is essentially an index method.   
 

                                                 
2 “Normal flow” assumptions mean that the slope of the water surface is the same as the slope of the channel bed, 
and no backwater conditions occur. 
3 “Indices” are metrics, such as the output from the Work Index or selected Sediment Transport equations, that can 
estimate, within several order of magnitude, parameters of interest.  Indices are not intended as precise estimates. 
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Three forms of work indices are applied in this analysis: 
 

Work Index Description No. 
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Wilcock-Crowe dimensionless sediment 
transport function.  Incorporates grain size 
distribution and sand fraction (2003).  

(3) 

Where τc = critical shear stress that initiates bed mobility or erodes the weakest bank layer, τi = 
applied hydraulic shear stress, τri = reference critical shear stress, V = mid-channel velocity 
(ft/sec), Δti = duration of flows (in hours), k = an erodibility coefficient, a = exponent and n = 
length of flow record.   
  
The application of these indices requires some discussion.  During the initial development of 
this methodology, Equations 1 and 2 were used to evaluate changes in work done on both the 
toe channel banks as well as the stream beds (SCVURPPP 2005, MacRae 1996). A recent 
advancement is the addition of Equation 3, which applies to the transport of bed material (sands 
and fine gravel).  Another improvement is the use of Equation 1 as a model to predict the 
failure of consolidated bank materials. Andrew Simon, USDA Agricultural Research Service 
(2002), is using this equation with field measurements to determine the erodibility of 
consolidated bank materials. Therefore, Equations 1 and 2 are applied to represent changes in 
work done on consolidated bank materials, and Equation 3 is applied to represent changes in 
amount of unconsolidated bed material transported downstream.   

The approach is to compare the Work Index between pre- and post- development scenarios.  
The relative change is represented as the Erosion Potential (Ep).  The Erosion Potential, 
expressed as a ratio, is defined as: 

pre

post

W
W

Ep =  (4) 

Where Wpost = work index estimated for proposed development, and Wpre = work index 
measured for the baseline condition. 
 
MacRae (1993, 1996) recommended that the Erosion Potential remain the same under both 
developed and undeveloped conditions over the range of geomorphically significant flows.  
Management strategies that balance the future sediment transport characteristics (at baseline or 
below to account for reductions in supplies) are considered effective at achieving stable 
conditions and are the basis of the recommended hydromodification management approach.   
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For each drainage area upstream from a cross section of interest, a target Ep value must be 
defined.  The goal is to match the long-term cumulative sediment load transported in the post-
development condition to that of the pre-condition.  Given the variety of factors that affect 
stream channel response, it is not necessary to achieve an Ep of exactly 1.0 in all cases.  
Therefore, the target is considered a mean value within an allowable range of tolerance or 
uncertainty.  Although MacRae does not explicitly state a criterion, evaluation of his 
conclusion suggest MacRae is using a value of 20% as a decision criterion.  Soar and Thorne 
(USACE, 2001) define a sediment transport capacity/sediment supply ratio (CSR) and suggests 
a value of 10% as a criteria for preserving channel stability.  Geosyntec (SCVURPPP, 2005) 
correlated Ep to observed field conditions (stable and unstable) to empirically relate the 
likelihood of stream channel instabilities to the erosion potential.  On the basis of this 
correlation, a 20% range about the target Ep has been selected as an acceptable criterion.  
Impacts analysis and control effectiveness including in-stream modifications are evaluated for 
their ability to maintain the target Ep = 1 ± 20%.  To account for reductions in sediment supply, 
a lower target must be established in order to prevent stream erosion.  For example, if an area 
experiences a 40% decrease in sediment supply due to development, the baseline Ep of 1.0 
must be reduced by 40%, giving a target Ep value of 0.60.  In other words, our goal for 
management is to reduce the post-project sediment transport capacity to 60% of the pre-project 
condition.  Under these conditions, impacts analysis and control effectiveness are evaluated for 
their ability to maintain the target Ep at 0.6 ± 20%.   
 
2.2. Management Strategies 

2.2.1. Flow Duration Control – On-Site Control Alternative 

Stream erosion/deposition and sediment transport processes are functions of the long-term 
cumulative effects of geomorphically significant flows.  Maintaining the long-term cumulative 
duration of geomorphically significant flows maintains the existing capacity to transport 
sediment and promotes long-term stability.  Flow duration control was first discussed in the 
literature by Derek Booth (1990), of the University of Washington.  The flow duration method 
is essentially an analysis of distributions of all flows as opposed to using a design storm event.  
A distribution of hourly rainfall is transformed to a distribution of hourly runoff using the 
hydrologic model.  The distribution of runoff is then converted to a long-term cumulative flow 
duration series.   
 
Flow duration control is a design methodology to maintain the existing distribution of in-stream 
flows above the critical flow for bed mobility and as a result maintains the existing capacity to 
transport sediment.   
 
2.2.2. Changes in Channel Geometry & Slope – In-Stream Control Alternative  

Where on-site flow duration controls cannot be implemented or are insufficient to achieve the 
target Ep ± 20%, in-stream controls can be implemented.  In-stream controls involve modifying 
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the receiving stream channel slope and geometry so that it can convey the new urban flow 
regime while reducing the potential for erosion aggradation and damage to habitat.  
Modifications must ultimately be designed according to fluvial geomorphic principles and must 
meet the hydromodification management objective (the target Ep ± 20%). Key principles 
include: 

a) Reduce the applied shear forces by reducing the longitudinal slope, and modifying the 
cross sectional geometry such as by reducing the depth.    

b) Reduce longitudinal slope by using environmentally sensitive grade control measures 
and natural materials.   

c) Maintain or increase flow energy dissipation along the stream channel by installing, or 
leaving in place, features that add roughness (e.g., dense vegetation planting). 

d) Implement biotechnical engineering solutions to increase the resistance of the stream 
channel to the increased flow energy.   

e) Maintain hydrologic connectivity between streams and floodplains. Use floodplains for 
flood storage, riparian habitat, recreation, and water quality.   

   
The analysis compares the pre- and post-development longitudinal channel profiles over the 
length of tributary channel to identify a new longitudinal profile that maintains the existing 
sediment transport capacity given the new imposed flow regime.  Appendix A to this report 
provides the basis of design for in-stream control in the Newhall Ranch tributary drainages 
(Lion Canyon, Long Canyon, Potrero Canyon, Chiquito Canyon, and San Martinez Grande 
Canyon). 
 
2.2.3. Mixed Control Alternative 

A mixed control alternative is defined as a combination of on-site control and in-stream 
control.  Mixed control alternatives may be investigated at the project level for the Legacy 
Village, Homestead, and Potrero Valley Projects. 

3. ON-SITE CONTROL ALTERNATIVE 

This section discusses the development of normalized design and sizing charts for flow 
duration control basins designed according to flow duration criteria for the on-site control 
alternative.  The design charts are based on matching the flow duration curves from 
undeveloped land using local soil and geologic information including infiltration rates and 
stream channel resiliency (i.e., critical shear stress values).  These design charts provide the 
volume and area requirements for flow duration control basins.  On-site flow duration control 
basins, or other types of BMPs that can provide storage, that are designed to match the pre-
project flow duration condition are considered to meet the hydromodification control 
management objective.   
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3.1. Flow Duration Control Basins 

A flow duration control basin is essentially a dry extended detention basin that is designed to 
provide hydromodification control.  As shown in Figure 1 below, the flow duration control 
facility is conceptualized as having two pools, a low flow pool (Zone A) and a high flow pool 
(Zone B).  The low flow pool is designed to capture the difference in runoff volume between 
the pre- and post-development conditions.  It will capture small storms that typically do not 
produce runoff from undeveloped land, the initial portions of larger storms, and dry weather 
flows.  The increase in runoff volume must be either released to the ground via infiltration, 
released to surface water at a fraction of the receiving stream’s threshold for bed mobility (i.e., 
Qcp), diverted to a safe discharge location such as the Santa Clara River, and/or stored for 
irrigation reuse.  The high flow pool is designed to detain and release higher flows to maintain 
the pre-development flow regime.  The flow duration control basin can also serve as a water 
quality treatment facility by assuring that the water quality basin design criteria are met.   
 
The flow duration control basin is sized using an iterative process of adjusting basin storage as 
well as selecting and adjusting the outlet structure.  A stage-storage-discharge relationship is 
defined for the design under consideration.  The 31-year time series (January 1972 to 
December 2002) of post-development runoff predicted by the SWMM model is routed through 
the facility and the stored volume and discharges are computed for each time step (i.e., In-Out 
= Δ Storage), according to the routing methodology defined in Hydraulics, A Guide to the 
EXTRAN, Transport and Storage Modules of the USEPA SWMM 4 (1988).  Outflow can take 
the form of infiltration, evapotranspiration, flows less than Qcp, diversions, weir flow, and 
overflow.  A wide range of outlet design styles are possible, such as weirs, orifices, sand filters, 
and risers.   

Figure 1.  Conceptualized Configuration of Flow Duration Basin 
 
3.2. Selection of Critical Shear Stress & Low Flow Discharge Rate (Qcp) 

The critical flow for bed mobility (Qc) is the threshold flow that creates an applied hydraulic 
shear stress equal to the defined critical shear stress for the channel boundary.  The critical 

Overflow 
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shear stress is based on either bed material or bank material, which ever is least resistant, and 
can be adjusted depending on the density of vegetation.  Qcp is the fraction of Qc that is 
apportioned to the flow duration control basin discharge if there is more than one basin in the 
watershed.   For the watersheds analyzed for this report, the critical flow for bed mobility 
ranges from 1 cfs to 35 cfs, depending on boundary material, channel geometry, roughness, and 
longitudinal slope.   
 
With the exception of Chiquito Canyon, no field samples of bed and bank material were 
collected in the canyons at the time of this analysis, and thus information on boundary material 
(e.g., wetted perimeter of stream) properties was obtained from NRCS soils data (NRCS, 
2005).  In Chiquito Canyon, where bed material was measured by URS (2002), the median 
grain size is 0.9 mm. The selected critical shear stress for this grain size is 0.06 lbs/sq-ft (ASCE 
Manual No. 77, Figure 9.5, pg 334)  On the basis of this information, the following boundary 
material properties were selected for analysis and used throughout this report:   
 

1. Chiquito Canyon:  Bed material D50 = 0.9 mm, τc = 0.06 lbs/sq-ft.   

2. Lion Canyon (soil type: Metz, MtC) = loamy-sand.  τc = 0.055 lbs/sq-ft.   

3. Long Canyon (soil type: Castaic, CnG3) = silty-clay-loam.  τc = 0.05 lbs/sq-ft.   

4. Potrero Canyon (soil type: Yolo, YoA) = loam.  τc = 0.05 lbs/sq-ft.   

The values assume little compaction and generally loose bed and bank material.  If a moderate 
amount of compaction was present, the critical shear stress values could be increased to 0.10 
lbs/sq-ft, which would result in a 15% to 20% reduction in computed Ep values.  Bed and bank 
material sampling is recommended to more accurately estimate the critical shear stress for 
future refinements of this analysis.   
 
Given the estimated critical flow values computed in this analysis and the uncertainties in 
boundary material, and based on an average or representative channel geometry, a value of 2 
cfs was selected as the Qcp for a 100 acre tributary area.  The 100 acre size was chosen because 
it is close to the typical catchment size that would drain to a single water quality or flow 
duration control basin.  Qcp is important when local soils are low infiltrating, clayey soils.  
Because Qcp and infiltration are the only means of discharging the increased runoff volume, 
their relative values determine which is the controlling factor.  Both infiltration and Qcp are 
applied in the sizing charts herein.  
  
3.3. Flow Duration Control Basin Configuration 

Flow duration control basins discussed herein do not provide flood control per the requirements 
of the Los Angeles County Hydrology Manual.  If flood control is desired in these facilities, 
they would ultimately be designed to meet the Los Angeles County requirements  for both 
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flood control and hydromodification control.  Stormwater treatment can also be accomplished 
in such facilities. 
   
Due to the large number of possible basin configurations, some design features were held 
constant in the preparation of the sizing charts.  Basin depths were limited to six feet to avoid 
triggering dam safety requirements.  The outlet structure was limited in type and size, and held 
constant as much as possible.   
 
Figure 2 presents a conceptual illustration of a flow duration basin.  The basin has 2:1 side 
slopes and a depth of 6 feet for the purposes of this report; the basin length and width would 
vary by drainage catchment size and percent imperviousness.  Infiltration occurs everywhere 
the surface is inundated.  The bottom four feet of the basin represents Zone A, the capture 
volume; whereas the top two feet represents Zone B, the flow duration matching volume.  
 

  
Figure 2.  Conceptual Illustration of a Flow Duration Basin 

 
Various outlet configurations and basin size combinations could be developed to meet the flow 
duration matching criteria.  The sizing charts were developed using a constant outlet 
configuration, as much as possible, to provide consistency.  In order to achieve the correct flow 
control using the sizing charts, this standard outlet design must be used in the design of the 
basin.   
 
The low flow discharge (Qcp) can be controlled by an orifice hole in a headwall or by using a 
sand filter/buried perforated outlet pipe design.  Any other design that controls the low flow 
discharge to below Qcp would also be acceptable.  The orifice is sized so that it discharges Qcp 
just at the overflow weir elevation; i.e., six feet in these examples.  Experience from similar 
projects has found that the size of the orifice hole is acceptable (> 4 inches) for approximately 
20 acre tributary areas and greater.  Orifice holes that are less than four inches have a tendency 
to plug with small debris, and therefore should be avoided for maintenance reasons.  For 
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tributary areas less than 20 acres in size, or a tributary area that results in an orifice size less 
than four inches, a sand filter/buried perforated outlet pipe can be used as an outlet structure.  
This type of outlet is sized so that the discharge into the perforated pipe is equal to Qcp.   
The weir outlet is designed so that its crest occurs at the top of Zone A, the capture volume, and 
is used to discharge the high flow pool (Zone B).   
 
3.4. Normalized Sizing Charts 

Figures 3 through 5 present the normalized sizing charts developed for the Newhall Ranch 
watersheds.  Figure 3 and 4 provide the total volume (Zone A and B in Figure 2 above) and the 
capture volume (Zone A in Figure 2 above) requirements, respectively, and Figure 5 provides 
the surface area requirements assuming a 6-foot deep storage basin with 2:1 side slopes.  Note 
that these charts are specific to the assumptions of 2:1 side slopes, a 6-foot depth, and a 
specified outlet design.  Alternative sizing charts could be prepared for alternative design 
assumptions.    The sizing charts are based on runoff from a 100 acre area.  Sizing curves are 
provided for four tributary area soil types (Hydrologic Groups A, B, C and D) assuming the 
following infiltration rates in saturated soil conditions: 
 

• Soil type “A” with 0.45 in/hr infiltration. 

• Soil type “B” with 0.30 in/hr infiltration. 

• Soil type “C” with 0.15 in/hr infiltration. 

• Soil type “D” with 0.05 in/hr infiltration. 

Unit total storage volume and capture volume (acre-inches per acre of tributary area) can be 
determined from Figures 3 and 4 based on the imperviousness of the flow duration basin’s 
tributary catchment area and the tributary area soil type (or infiltration rate).  For example, a 
tributary area with 50 percent imperviousness and soils with an infiltration rate of 0.15 in/hr 
requires 1.8 acre-inch per tributary acre of capture volume and 2.8 acre-inch per tributary acre 
of total stormwater storage.   
 
Figure 5 presents a flow duration control basin surface area sizing chart.  A deeper basin will 
result in smaller surface area requirements.  Surface area can be adjusted according to depth 
between three and eight feet as long as the capture volume and total volume remain as specified 
in the sizing charts presented in Figures 3 and 4.  The use of the sizing chart beyond these 
limits would require further verification that the basin design is achieving the desired 
hydromodification control objectives.  Using the tributary area’s estimated percent 
imperviousness, the Unit Area requirement from Figure 5 is multiplied by the total tributary 
area to derive the total required land area to meet the flow duration criteria.  For example, a 
tributary area with 50% imperviousness and an infiltration rate of 0.15 in/hr requires the 
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equivalent of 4.1% of the tributary area for a flow duration control basin that is six feet deep 
with 2:1 side slopes and a weir crest at four feet.     
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Required Flow Duration Control Basin Total Volume

y = 1E-05x2 + 0.04x

y = 0.0002x2 + 0.0447x

y = 0.0002x2 + 0.0646x

y = 0.0002x2 + 0.0547x

0

1

2

3

4

5

6

7

8

9

10

0 10 20 30 40 50 60 70 80 90 100

Percent Imperviousness

To
ta

l S
to

ra
ge

 V
ol

um
e 

(in
ch

es
)

"A" Soils: Infiltration = 0.45 in/hr

"B" Soils: Infiltration = 0.30 in/hr

"C" Soils: Infiltration = 0.15 in/hr

"D" Soils: Infiltration = 0.05 in/hr

 GeoSyntec Consultants 

Figure 3

Newhall Precipitation;  Qcp = 2 cfs/100 acres
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Required Flow Duration Control Capture Volume
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Figure 4

Newhall Precipitation;  Qcp = 2 cfs/100 acres
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Required Flow Duration Control Basin Area
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6-foot deep basin, Weir Crest at 4 feet
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To: Newhall Land Company 

Organization: Philip Williams and Associates, Ltd. 

From: Andrew Collison, Adam Parris, Jeffrey Haltiner, and Vince Geronimo 

PWA Project #: 1820 

PWA Project Name: Newhall Ranch 

Subject: Basis of Design: Newhall Ranch Tributaries 
 

 
1. INTRODUCTION AND OVERVIEW 

  
This document describes the existing geomorphic and hydrologic setting and provides the basis of design 
for a restored stable channel and floodplain for the tributary drainages in the Newhall Ranch area (Lion 
Canyon, Long Canyon, Potrero Canyon, Chiquito Canyon, and San Martinez Grande Canyon; herein 
referred to as “the tributaries”).  Channel and floodplain stabilization are required for a variety of 
purposes: to mitigate for historic watershed disturbances (primarily increased runoff due to ranching, oil 
and gas extraction, and the construction of unimproved roads); to accommodate proposed future increases 
in runoff and reduction in sediment delivery resulting from land development; to support a diversity of 
native vegetation and wildlife habitat; and to provide a visual amenity to the Newhall Ranch Specific Plan 
(NRSP) development projects.  
 
The present channel systems include combinations of stable and unstable reaches, with substantial 
sediment production from hillside slope failures and channel/bank erosion.  From a channel stability 
perspective, the construction of housing and associated urban infrastructure within the NRSP area will 
result in increased peaks and duration of runoff (hydrograph modification) and a reduction in sediment 
supply. To be stable under future conditions, the stream channels will require a lower than existing 
gradient and somewhat increased flow capacity (width and depth).  The tributaries will be designed to 
convey sediment under future conditions with a “dynamically stable channel” (neither long-term erosion 
nor deposition) and to support the proposed native re-vegetation program. This memo describes the 
tributary channel design and analysis approach. Design elements include channel gradient, width and 
depth, as well as planform sinuosity and riparian corridor width. 
 
1.1 DESIGN CRITERIA 
The channel and floodplain will meet the following design criteria: 
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 Geomorphic stability – the channel will not aggrade with sediment or erode its banks or bed 
excessively. The bankfull channel will be sized for the dominant (channel forming) discharge. 

 Hydraulic/Flood conveyance – the floodplain will convey the capital flood (Qcap) with a 
minimum of 3 feet of freeboard, and meet LA County standards for flood channels. 

 Ecological function – the channel and floodplain will provide for the proposed ecological 
function, supporting a combination of riparian habitat, coastal sage scrub, oak woodland, etc., as 
appropriate.  Grade control structures, culverts, and other hydraulic structures will be designed to 
accommodate wildlife requirements. 

 Hydromodification – The combined urban runoff management program, in conjunction with the 
channel design, will address potential “hydromodification” impacts.  The channel will not 
aggrade or generate excess sediment from erosion or create a larger than natural downstream 
impact from sedimentation associated with hydrograph modification. 

 Low maintenance – the channel and associated structures will require minimum maintenance. 
The channel and floodplain will not require sediment removal or vegetation clearance. Drop 
structures will require monitoring annually during the initial establishment period. Once the 
system is established and revegetated, there will be no regular maintenance required.  A program 
for periodic checking/monitoring of the channel corridor will be established.  Infrequent access 
may be required following extreme flow events. 

 
The designs will represent an optimization of the above project goals.  To minimize long-term 
maintenance and possible impacts to the restored habitat, a more active initial restoration design will be 
developed.  A relatively conservative equilibrium channel slope will be assumed for the initial design, 
based on the assumption that some minor channel aggradation is preferable to erosion.  Potential 
aggradation will be evaluated and accounted for in the channel hydraulic design and freeboard analysis.  
Because the focus of the design of the majority of the channel length is to create a “natural” channel 
system, with high riparian and habitat value, the tributary designs will require very infrequent 
maintenance or access by heavy equipment.  However, the maintenance access system will accommodate 
easy/frequent access to those elements likely to require more frequent monitoring and maintenance (water 
quality basins, culverts, bridge crossings).   In addition, the channel design will have adequate capacity, 
freeboard, and setbacks from the development that the need for direct channel access will likely not be 
required during the wet/rainy season.  Monitoring and possible channel maintenance can be accomplished 
during the dry season. 
 
1.2 REGULATORY FRAMEWORK 
The channel designs must meet a variety of regulatory requirements. Channels must be designed to meet 
Los Angeles County Department of Public Works (LACDPW) guidelines while meeting the 
hydromodification control requirements of the Los Angeles County municipal separate storm sewer 
(MS4) Permit established by the Los Angeles Regional Water Quality Control Board (LARWQCB). In 
some cases, these regulatory requirements require specific design approaches using different analysis 
methodologies. For example, LACDPW requires event-based designs that are focused on stability during 
low frequency-high magnitude events, while the LARWQCB appears likely to adopt a continuous 
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simulation method that incorporates all geomorphically significant flows in the design for 
hydromodification control. These approaches may produce slightly conflicting channel dimensions. The 
goal of the tributary design is to comply with the requirements and the objectives of all of the agencies.  
Where there are differences between the agency methods, we describe these and provide our 
recommendations on the preferred design parameters.  Some of the methodologies are still developing, as 
traditional flood and channel management strategies are evolving to integrate habitat, public access, 
aesthetic goals, and agency requirements.   
 
The tributary design goals, which are to design a stable channel corridor that provides flood protection, 
habitat values, aesthetics, and appropriate access, are consistent with both the goals and requirements of 
all of the various regulatory agencies.   
 
1.3 DESIGN APPROACH 
The available approaches to stable channel design can be grouped into three categories: 
 

 Field reference reach approach – channel design based on field measurements made at stable 
reference reaches in local watersheds with similar sizes, runoff regimes and sediment 
characteristics. 

 Empirical methods – channel design is based on observed correlations between inputs (watershed 
area, discharge, sediment yield) and outputs (channel width, depth and slope) for a similar 
physiographic and climatic region. 

 Analytical methods – channel design is based on physically-based numerical modeling such as 
sediment transport modeling. 

 
Each of these methods has benefits and limitations. Of the channel parameters, estimating “equilibrium 
channel gradient” is the first and most important parameter.  Considering the complexity of actual channel 
morphology, a combination of several different methods will be used, including local reference 
conditions, empirical and analytical approaches.  This provides a “sensitivity analysis” and allows the 
design to select an optimal design slope that balances the analysis uncertainty with the tributary design 
goals.  This may suggest using an average of the gradients from these methods, or a value that is 
supported by a preponderance of evidence based on the specific site conditions and risks. Safety features 
will be designed into channel structures to accommodate the level of uncertainty in final equilibrium 
slope without structural damage. Three different methods of calculating channel width, depth and slope 
that fulfill the LACDPW and LARWQCB requirements will be used that are based on performance of 
channel designs in a variety of settings.  
 
Channel width, depth and slope are interdependent. In keeping with standard river restoration design 
practices, a “slope first” design approach will be used in which channel equilibrium gradient is 
determined, followed by width and depth.  In this approach, the stable channel gradient is estimated first.  
The difference between the existing and future (stable) slope then determines the amount of the total 
gradient that must be stabilized using grade control structures (GCSs), which will be designed as a 
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sequence of step-pools, drop structures, armored channel sections, or other suitable alternative hydraulic 
structures.  These hydraulic structures are then designed to be hydraulically-stable during the design flow 
(capital flood or “Qcap”). 
 

2. PROJECT HYDROLOGY:  DEVELOPMENT OF DESIGN DISCHARGES 
 
 
The dominant discharge will be used as the design basis for the main low flow channel, in keeping with 
standard geomorphic practices. Dominant discharge is the flow that cumulatively transports the majority 
of sediment over a long period of time. This analysis approach assumes dominant discharge is equivalent 
to bankfull flow for purposes of channel design. Using continuous rainfall-runoff simulation for the 
Newhall Ranch watersheds, Geosyntec calculated the dominant discharge; this corresponded closely with 
the 2-year recurrence interval storms as determined using a continuous flow model for the post-developed 
condition.  Based on our review, the 2-year recurrence interval storms as determined using a continuous 
flow model for the post-developed condition will be used as the design event for the low flow channel, 
insuring that these designs are also consistent with the LACDPW approaches.   
 

3. CHANNEL SLOPE DESIGN 
 
The design channel slope will be dynamically stable (should neither erode nor accumulate excess 
sediment over the long-term). Small amounts of cyclical erosion and deposition are expected, and 
accounted for, in any channel composed of soft materials in the short term, but the long term patterns 
should be of equilibrium between erosion and deposition. The tributary channel slopes will be designed 
using LA County methods. The resulting slope will then be verified using the erosion potential method 
(Ep) and field geomorphic data and adjusted if necessary.  We will verify the reasonableness of the design 
slopes using actual channel slopes measured from a variety of developed and undeveloped watersheds in 
the region. 
  These methods are described below. 
 
3.1 METHOD 1. LOS ANGELES COUNTY DEPARTMENT OF PUBLIC WORKS METHODS 
LACDPW has developed two methods of calculating equilibrium channel gradient (Table 2). The first is 
an empirical method that is suitable for rapid analyses of small channels. The second is an analytical 
method, using sediment transport equations, that is more complex.  We include analyses using both 
methods as appropriate. 
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Table 2.   Summary of LA County Methodologies 
 Method 1a –  

LACDPW empirical method 
Method 1b -   

LACDPW analytical method 

Inputs 

Existing conditions flow velocity 
Proposed conditions flow velocity 
Existing conditions channel slope 
Proposed conditions reduction in 
sediment supply 

Upstream water and sediment 
inputs 
 

Events Assessed Qcap and 0.25Qcap 0.25Qcap 

Approach 

Nomograph based on empirical 
relationships for LA County. Use 
nomograph to identify slope 
reduction for both events and use 
the lower of the two slopes 

Use sediment transport modeling 
to size channel to convey water 
and sediment at design flows 
without erosion and use the lower 
of the two slopes 

Output 
Reduction in existing slope 
required to achieve equilibrium 

Equilibrium width, depth and 
slope of channel 

 
3.1.1 Method 1a: LACDPW Empirical Method 
The LACDPW empirical method involves comparing pre- and post-project channel velocity and sediment 
availability for Qcap and 0.25 Qcap.  Equilibrium slope is estimated from the nomograph (Figure 2) based 
on changes in velocity and sediment supply. PWA developed a spreadsheet to automate interpolation 
from the nomograph and calculate the resulting stable channel slope. 
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Figure 2.   Nomograph for estimating equilibrium slope.  
Source: LA County Dept of Public Works, 2006. Appendix C. 

 
3.1.2 Method 1b: LACDPW Analytical Method 
This method is specified for soft bottomed channels with levees.  The approach is based on applying a 
sediment transport equation for pre- and post-project conditions and iteratively adjusting channel slope 
until post-project sediment transport is equal to pre-project.  The method requires selection of the most 
appropriate of the following sediment transport equations: 

1. Meyer-Peter, Muller equation 

2. Einstein bed load equation 

3. Einstein suspended load methodology 

4. Colby methodology 
 

Reid and Dunne (1996) review a large number of sediment transport equations for suitability based on the 
number and accuracy of field verifications on different types of channel. They recommend the following 
applications (Table 11, p.100): 
 
Meyer-Peter/Muller model: gravel bedded and braided channels, and small sand bedded streams 
Einstein and Colby: medium and large sand bedded channels 
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3.2 VERIFICATION USING EROSION POTENTIAL METHOD 
 
Erosion potential (Ep) is a measure of the change in the long-term, cumulative effective work done on the 
channel by hydraulic forces between a pre-project and post-project condition, which represents the change 
in sediment transport capacity.  ‘Effective work’ is calculated based on the difference between the applied 
boundary shear stress and the critical shear stress of the boundary materials or bed sediments represented 
by the complete grain size distribution. The ratio between existing and proposed effective work or 
sediment transport capacity (Ep) is used to evaluate whether the designed channels will be stable under 
proposed flow conditions. Ep calculations are made using continuous rainfall-runoff simulations in the 
EPA Storm Water Management Model (SWMM) for 31 years of available record. The resulting flow time 
series are applied to a sediment transport model to calculate Ep for a series of existing and proposed cross 
sections.  
 
Proposed conditions are typically compared to the existing condition; however, for channel design where 
the existing condition is unstable, the baseline used for comparison is based on stable reference reach(es). 
When reduction in sediment supply is an important physical element in stable channel conditions, the 
target Ep is adjusted accordingly.  When post-developed flows are increased and reductions in sediment 
supply are not important, the target ratio of existing and proposed Ep is set to 1.0.  That is, the proposed 
design attempts to match the baseline conditions (i.e., the future sediment transport condition is equal to 
the existing sediment transport condition). 
   
When reduction in sediment supply is important, an equivalent reduction in the transport capacity is 
needed.  For example, a project that reduces sediment supply to 30% of its baseline level requires the 
transport capacity to also be reduced to 30% of its baseline condition; i.e., Ep = 0.30.  A correlation 
between observed field conditions (channel stability) and predicted erosion potential for 49 cross-sections 
within four separate California watersheds showed that as the erosion potential begins to exceed the target 
by 20 to 30 percent, the probability of stream channel instabilities begins to increase rapidly 
(SCVURPPP, 2005).  The Ep verification methodology therefore incorporates a risk-based approach that 
limits the variance in erosion potential to ±20% of the target, as the risk of hydromodification impacts is 
low in this range.     
 
Table 1.  Description of Ep Verification Method 

 Verification Method - Geosyntec Application of the Erosion 
Potential Model 

Inputs 

Runoff from continuous rainfall-runoff model (SWMM) 
Reduction in sediment supply 
Bed particle size distribution, bank material type, vegetation density 
Existing and proposed channel geometry and longitudinal slope 

Events Assessed Continuous range of geomorphically significant flows 
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 Verification Method - Geosyntec Application of the Erosion 
Potential Model 

Approach 

1. Compute work done and sediment load transported for existing 
geometry and flow conditions using range of sediment transport 
and work equations. Identify stable and unstable sections.   

2. Scale target Ep based on reduction in sediment delivery (e.g., 
40% reduction in sediment requires 40% reduction in Ep). 
Identify the appropriate baseline condition for comparison.   

3. Calculate Ep for the proposed channel design at several cross 
sections.   

4. Refine slope until future Ep does not deviate from the target Ep 
by more than ±20%. 

Output 
Width, depth and slope of channel that is within 20% of target Ep, 
adjusted for sediment reduction. 

 
3.3 VERIFICATION USING FIELD DATA AND SAM SIMULATIONS 
 
3.3.1 In addition to verification using the Ep method, we assess the proposed channel design using field 
data from the Newhall Ranch area. This check is performed to assess the geomorphic stability of the 
creek. Data on equilibrium slope were collected in Newhall Ranch by measuring channel gradient in 
stable channel reaches.  These are often located immediately upstream of grade control structures. These 
were compared with watershed area, (used as a surrogate of annual discharge). The resulting plot is 
shown in Figure 3. A measure of stable channel gradient under post-development conditions can be 
determined by looking at the channel gradient of watersheds with the same runoff as the post 
development watershed. For example, a 1-square mile watershed in which post-development runoff is 
doubled will lead channel slopes to adjust to a gradient appropriate to a 2-square mile watershed, 
assuming the same sediment delivery.  
 
3.3.2 To compensate for reductions in sediment supply we performed a sensitivity analysis using the 
USACE Stable Channel Design Model SAM to determine the degree to which reductions in sediment 
supply affected equilibrium slope. We used this method as a check to ensure the channel designs were 
geomorphically-appropriate to the site. 
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Figure 3.   Equilibrium Slope for Rural Reference Reaches 
 
 
3.4 SELECTION OF DESIGN CHANNEL SLOPE 
Each of the above three design approaches (LA County, Ep, and reference reach/field data methods) 
produces a slightly different estimate of stable slope. Based on these estimates, we will select a design 
slope that falls between the high and low end of the estimates, based on the preponderance of evidence for 
the most likely stable slope. In general, this approach produces a relatively conservative estimate of the 
stable channel slope, to insure that stabilization structures are not undermined. In order to anticipate 
possible aggradation impacts, the selected slope for flood control performance will be assessed, using the 
highest of the previously estimated design slopes as an estimate of the maximum aggradational condition. 
 
3.5 DESIGN SLOPE IMPLEMENTATION 
Where extensive development will take place in the watershed and plans call for channel re-grading 
(Long Canyon and Potrero Canyon), or where the existing channel is degraded and some development 
will take place in the watershed (Lion Canyon), step-pool design structures (described in Section 5) will 
be designed and located to create a channel gradient with the selected slope. 
 
Where channels are not degraded and less extensive development will take place in the watershed (San 
Martinez Grande Canyon and San Martinez Chiquito Canyon), grade control structures will be used to 
maintain the existing slope. 
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4. CHANNEL WIDTH AND DEPTH 
 
Channel width and depth are calculated using an empirical approach using local reference reaches 
(Coleman et. al. 2005), verified by an erosion potential assessment to ensure that the design meets the 
appropriate target erosion potential within the 20 percent threshold. 
 
4.1 SOUTHERN CALIFORNIA FIELD REGRESSIONS 
 
The Stormwater Monitoring Coalition (SMC) (Coleman et al., 2005) performed a geomorphic assessment 
of streams in disturbed and un-disturbed watersheds of Southern California. This study provides regional 
regressions between dominant discharge and channel geometry for Southern California stream channels, 
and identifies predictive relationships between changes in impervious cover and stream channel 
enlargement for use in stream management. Eleven watersheds in Southern California, including five 
canyons in LA and Ventura counties near the Newhall Ranch, were selected based on detailed guidelines 
including watershed size, natural channel bed and banks, and development covering five to ten percent of 
the watershed area. Based on geomorphic assessment, historic analysis of development conditions, and 
ground survey, the SMC developed predictive relationships between dominant discharge and bankfull 
channel width as well as dominant discharge and cross sectional area (shown in Figure 4). We integrate 
the results from these channel systems with the estimates produced by other methods.  
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Figure 1.  Southern California Stream Morphology Relationships 
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Note: Plots derived from Coleman et al. (2005) Table 5.6. Data are only from control (undeveloped) sites 
 
 
4.2 SELECTION OF A DESIGN CHANNEL WIDTH AND DEPTH 
Following estimation of design parameters with the different methods, a proposed channel cross-section is 
selected which is likely to be most stable (falls between the high and low end of the estimates). The 
selected combinations of width, depth and slope are evaluated hydraulically to ensure that flow velocities 
are reasonable and unlikely to erode over the longer term. 
 
4.3 SELECTION OF A DESIGN CHANNEL WIDTH AND DEPTH 
Following estimation of design parameters with the three methods, a proposed channel slope is selected 
which is likely to be most stable (falls between the high and low end of the estimates). The selected 
combinations of width, depth and slope are evaluated hydraulically to ensure that flow velocities are 
reasonable (bankfull flow velocities of typically less than 6 ft/sec where feasible (based on estimated 
channel roughness values) unlikely to erode over the longer term. 
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5. STEP-POOL DESIGN   
 
Where the three methods utilized predict that the bankfull channel gradient will be considerably flatter 
than the existing gradient, drop structures or armored channels will be required to take up the elevation 
difference between the existing and proposed stable slopes. To maximize vegetation, aquatic, and wildlife 
habitat and maintain a natural channel appearance, a range of types of step-pool structures and armored 
riffles will be used to accommodate the drops in channel elevation. Construction of these structures will 
likely include large boulders, rip rap, Armorflex, soil cement, or concrete and will mimic natural step-
pool function and morphology (as identified in reference reaches) in appearance and hydraulic function. 
 
5.1 SELECTION OF MULTIPLE SMALL STEPS OR FEWER LARGE STEPS 
 
Two approaches have been taken to controlling channel grade, to be used in different settings. Where the 
existing stream course and valley is going to be significantly altered by mass grading we consolidate 
drops in a smaller number of larger drops, to allow for greater lengths of non-armored channel between 
drops. Where the goal is preservation of existing channel habitat and little mass grading is proposed for 
the channel and floodplain area we use larger numbers of smaller drops (approx. height 3 feet) to control 
grade. Selection of these approaches is made based on the habitat value of the existing creek corridor and 
the infrastructure and mass grading needs of the surrounding development. 
 
5.2 DESIGN PROCEDURE 
 
The approximate initial step-pool dimensions are determined using the approach of Thomas et. al. (2000). 
Once the approximate structure dimensions are determined, this initial dimension is then tested using 
HEC-RAS to optimize the height of the step, gradient of the ramp, depth and width of pool and elevation 
of the apron/tail water. HEC-RAS flow estimates are also used to develop flow discharge per unit width 
for sizing rock to be used in the grade control structures or for bank protection. The detailed analysis and 
final design for the step-pool structures will be described in final design technical memorandums. 
 
5.3 GRADE CONTROL CONCEPTS 
 
Some of the potential types of step-pool structures and armored riffles that could be used to accommodate 
drops in channel elevation are described below and illustrated in Attachment A.  Final design will be 
dependent upon the analysis of the individual channel reach conditions, constraints, and requirements. 
 
5.3.1 Grouted Sloping Boulder (GSB) Drop 
Boulders, typically 24-inch minimum in all directions, would be placed on the face of the grade control 
structure, the crest, the lower part of the side slopes, and the stilling basin.  Twelve inches of grout would 
be placed at the bottom 30-50% depth of the boulders to lock them together. Typical vertical drop heights 
for this type of grade control structure can be greater than 3 feet and are proposed at up to 15 vertical feet. 
The structure length and width varies depending on the design flow; typical structure dimensions may be 
100 feet long by 60 feet wide. Planted riprap would be placed along the approach, in the upper voids of 
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the boulders, along the upper banks, and downstream of the stilling basin (lay down toe). Seepage control 
would consist of a metal or vinyl sheet pile across the width of the structure and weep drains that daylight 
through the grouted boulders. 
 
5.3.2 Soil Cement Grade Control Structure 
On-site sandy soils will be combined with adequate cement to form a soil cement mixture that when 
placed mimics the sandstone outcrops in the area. Facings and lateral protection will be built by 
constructing the soil cement slope protection in successive horizontal layers (6-10 inches thick). Facing 
slopes can be steeper than GSB Drops with the steepest recommendation at nearly 1.5:1 (H:V); 
constructed by setting back subsequent lifts. Typical vertical drop heights for this type of grade control 
structure can be greater than 3 feet and are proposed at up to 15 vertical feet. The structure length and 
width varies depending on the design flow; typical structure dimensions may be 80 feet long by 80 feet 
wide. Planted riprap may be placed along the approach, in the approach at the crest, along the upper 
banks, and downstream of the stilling basin (lay down toe). Soil cement could be mixed on-site, placed, 
compacted, finished and cured resulting in a strong durable, erosion-resistant material with low 
permeability. If required, seepage control would consist of a metal or vinyl sheet pile synthetic liner or 
other impermeable material across the width of the structure and weep drains that daylight through the 
soil-cement lifts.  
 
5.3.3 Sculpted Concrete Drop Structure 
Colored, poured and shaped concrete will be molded to form an aesthetic modification to the grouted 
sloping boulder style of drop. Design of for these drops will be conducted individually but similar to the 
GSB Drop.  Construction is typically conducted with a single monolithic full-depth pour or using a two 
pour system over steel reinforcement then contoured and textured to finish. Planting wells may be 
considered to help revegetated and conceal the structure. Facing slopes are roughly similar to GSB Drops 
with the steepest recommendation at nearly 3.0:1 (H:V). Typical vertical drop heights for this type of 
grade control structure can be greater than 3 feet and are proposed at up to 10 vertical feet. The structure 
length and width varies depending on the design flow; typical structure dimensions may be 100 feet long 
by 80 feet wide. Planted riprap would be placed along the approach, in the approach at the crest, along the 
upper banks, and downstream of the stilling basin (lay down toe). Seepage control could consist of a 
metal or vinyl sheet pile synthetic liner or other impermeable material across the width of the structure 
and weep drains that daylight through the poured grout mixture.  
 
5.3.4 Non-Grouted Boulder Step Pool 
Boulders, comprised of various sizes between 24-inch and 36-inch minimum in all directions, would be 
placed on the face of the step-pool structure, the crest, the lower part of the side slopes, and pool. The 
sub-base of the structure will be adequately designed using a mixture of compacted soil and riprap. The 
boulders would be individually placed and chinked to lock them together. Plants will also be used to 
prevent boulders from dislodging. The crest boulders would be placed on top of a metal or vinyl sheet pile 
wall and grouted to the buried check wall to form the crest. The check wall would extend to the width of 
the floodplain corridor and will be notched at the step-pool structure. The non-grouted boulder step-pool 
will be designed for less than Qcap and have typical dimensions of roughly 50 feet by 50 feet. Planted 
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riprap would be placed along the approach, in the upper voids of the boulders, along the upper banks, and 
downstream of the pool. 
 
5.3.5 Grade Control Scour Apron 
 
Grade control structures would include a buried toe scour apron made of appropriately sized rock on the 
downstream end of the step-pool structure to accommodate the most conservative slope assumptions (i.e., 
assume that a completely flat slope develops) to insure that the structures will still have integrity and 
channel downcutting will be prevented (see Figure 2  below). The designs will also include intermittent 
buried rock sills across the floodplain to protect from erosion or outflanking of the step pools. For a 
typical design of 1% channel gradient and structures every 100 feet, the worst case scenario (adjustment 
of the channel to zero gradient) would be 12 inches of toe erosion on each structure. 
 
 
Figure 2.  Conceptual Sketch of Step-pool Structures Showing Relationship Between Design Gradient and 
Lowest Predicted Gradient 

 
 
 
 

6. EXISTING GEOMORPHIC CONDITIONS ASSESSMENTS  
 
PWA conducted reconnaissance-level geomorphic assessments and collected sediment samples from the 
beds and banks of the tributaries to support sediment transport modeling, geomorphic and channel design 
activities.  
 
6.1 DATA COLLECTION 
Fieldwork was carried out between February 7 and 9, 2006, with repeat visits to selected sites in summer 
of 2006. The channels were walked for their entire length within the Newhall Ranch project area.   
Sediment samples were collected approximately every 1,000 feet along the channels. Sites were selected 
by pre-programming GPS coordinates along the streambed at fixed intervals and then identifying 
geomorphically-typical reaches close to the site. At each sampling point the nearest mid–channel or point 
bar was selected and a sample taken from a position one third from the upstream edge of the bar, in 

Zero gradient 

Selected design gradient 
from 3 methods 

Step-pool structure (with cut off wall to 
prevent seepage)  

 

Buried protective scour apron 
(boulder) 
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accordance with sediment sampling protocols outlined by Reid and Dunne (1996) and Thomas and Gee 
(2005). Sediment taken from this location is believed to be representative of average-sized sediment that 
is in transport through the system. Samples were collected by digging a 6 inch pit in the bed and 
transferring the entire sample to a polythene bag. Bank samples were taken from actively eroding banks 
where they appeared to be the main source of sediment in the channel. Typically in all creeks studied the 
bed samples had a thin veneer of gravel but were dominated by sand beneath that. Samples were 
transferred to Cooper Testing Laboratory for particle size distribution. Most samples were clearly non-
cohesive and were analyzed by wet sieving. A few appeared to be cohesive and were sampled using the 
hydrometer method to differentiate silt and clay from coarser sediment. 
 
A reconnaissance-level geomorphic assessment was conducted, primarily focused on the degree of 
channel incision (disconnection between the bankfull channel and floodplain). This was assessed by 
running a HEC-RAS model with the 5-year flow (model and data supplied by PACE) to determine the 
extent to which the 5-year flow was confined in a well defined bankfull channel or not. This was based on 
the observation of SCCWRP (Coleman et. al. 2005) that stable channels in this area contain the 5-year 
flow. Where the 5-year flow did not fill what appeared to be the bankfull channel and qualitative 
geomorphic evidence supported the assessment the channel was classified as incised or widening.  
 
6.2 LION CANYON 
The sample locations and particle size distribution curves are shown in Attachment B, with typical 
sediment sizes and channel geomorphic assessment for context.  
 
6.2.1 Summary of Sediment Characteristics 
7 samples were classified as sand with 1 gravel.  
 
6.2.2 Summary of Geomorphic Assessment 

Lion Canyon has steep headwaters (above the project boundary) that supply large amounts of sediment 
into the aggrading upper reach producing an undersized channel (Attachment B, Images #1 – 6) with local 
erosion on outside bends. (All images hereafter referenced for Lion Canyon are in Attachment B). 
Primarily aggradational conditions continue downstream producing a well connected and vegetated 
floodplain (Images 7-9). This incorporates a reach with mature oaks (Images 10-13) and an additional 
aggraded reach with a well connected floodplain downstream (Image 14). There is a very sharp transition 
from aggrading to deeply incised, eroding conditions at the road crossing, which acts as a grade control 
protecting the upper reaches from incision. The source of the incision is likely uncontrolled drainage from 
the unimproved road surface. Downstream of the grade control is a 12 foot high knickpoint (Image 15) 
and a reach of deeply incised channel with some failing banks (Images 16 and 17 near to more mature 
oaks). This reach opens up into a wider section (Images 18-20) that has historically experienced incision 
into what appears to be material derived from the right hillside (identified by the geotechnical assessment 
as a former quarry spoil deposit). This material has constrained the channel and deflected it over to the 
left bank terrace where it is actively eroding and causing slab failures (Image 19). Despite the longer-term 
appearance of incision (e.g. abandoned floodplain terraces), the bed in this reach appears to have recently 
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aggraded (evidenced by very shallow channel and ‘buried’ appearance of channel features, e.g. Image 
20). Downstream the channel remains historically incised with erosion on the outside bends but with local 
bed aggradation and the formation of a small new floodplain on the inner bends (Images 21-22). The right 
valley side looking downstream is undercut by the creek, creating a high unstable slope. This reach 
culminates in a 8 foot high knickpoint which suggests that the channel is now eroding the bed sediment 
deposited in the 2004-05 floods. 
 
6.3 LONG CANYON 
The sample locations and particle size distribution curves are shown in Attachment C, with typical 
sediment sizes and channel geomorphic assessment for context.  
 
6.3.1 Summary of Sediment Characteristics 
All 18 samples were classified as sand with most defined as ‘poorly graded sand with gravel’. 

 
6.3.2 Summary of Geomorphic Assessment 

Long Canyon is characterized by a very steep, unstable headwaters reach (outside the project area) that 
becomes aggradational downstream. Most of the canyon is then aggradational with some sections of wide 
floodplain, before passing though a culvert and into a constructed earth channel that conveys it to the 
Santa Clara River.  

The upstream headwaters reaches (Attachment C, Images 243a and 242a) are deeply incised and highly 
unstable, with actively eroding channels that generate a large volume of sediment. (All Long Canyon 
images referred to hereafter are in Attachment C.) Downstream the channel becomes complex with 
evidence of local cycles of erosion and deposition in sub reaches. For example, Image 242d shows an 
aggraded reach with a headcut that indicates more recent upstream-migrating incision. However, the net 
long term trend throughout most of Long Canyon between the headwaters and the culvert at the lower end 
of the Onion Field is aggradational, as evidenced by the high width to depth ratio of the channel, the 
presence of sand-buried bed and channel features, the well connected floodplain and the braided channel 
form. The channel passes through a locally slightly incised but undersized reach (Images 241c and b) 
before entering a slightly aggrading section (Images 240a and b). The channel then enters a locally 
confined reach (Images 239) with actively eroding relict terraces on the outside bend before emerging 
into another aggradational, unconfined reach with an extensive active floodplain (Images 238). 
Downstream the channel becomes aggradational but with active lateral erosion on the southwest bank by 
the road (Images 237). Further downstream the channel remains aggradational (Images 236) with laterally 
eroding outside bends where the channel has migrated against relict terraces (Images 235). The channel 
passes through a short, slightly entrenched reach (Images 234) before widening and aggrading (Images 
233, 232). Downstream the channel becomes slightly confined with a higher floodplain, but still overall 
relatively stable conditions (Images 231). Below this point the creek enters a constructed trapezoidal 
flood channel that conveys it to the Santa Clara River. 
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6.4  CHIQUITO CANYON 
The sample locations and particle size distribution curves are shown in Attachment D, with typical 
sediment sizes and channel geomorphic assessment for context.  
 
6.4.1 Summary of Sediment Characteristics 
All 7 samples were classified as ‘sand’.  Chiquito Canyon is a mixture of well and poorly graded sand and 
gravel. 
 
6.4.2 Summary of Geomorphic Assessment 
Chiquito Canyon enters the project area in a confined reach with very high, unstable banks (Attachment 
D, Images 449, 449b). (All Chiquito Canyon images referred to hereafter are in Attachment D.) Further 
downstream it exits its confined canyon and enters a long reach that is dominated by a series of large 
alluvial fans on the east bank (Images 450a through 452c). These fans are supplying abundant sand to the 
creek and the channel has formed low banks in the toe of the fan that have little erosion resistance, in part 
due to the arable land use and lack of woody vegetation. As a result this reach is aggrading and widening. 
Further downstream (Images 453 through 453b) the channel becomes slightly confined as it cuts through 
former terraces, leaving abandoned terraces on the banks that are actively eroded on outside bends. The 
channel however appears to be aggrading within this setting. Towards the downstream end of the tributary 
(Images 454 and beyond) the channel remains slightly confined and has been modified by a series of 
bridges, culverts and artificial channel sections. In places these appear to cause local backwaters and 
sediment deposition (e.g. Image 453-4b). Downstream of the transportation corridor the channel enters 
the alluvial fan of Chiquito Canyon near its confluence with the Santa Clara River. The channel is leveed 
here and has aggraded strongly, to the point where the channel is higher than the surrounding fan surface. 
There is a high potential for the channel to avulse at this point. 
 
6.5 SAN MARTINEZ GRANDE CANYON 
The sample locations and particle size distribution curves are shown in Attachment E, with typical 
sediment sizes and channel geomorphic assessment for context.  
 
6.5.1 Summary of Sediment Characteristics 
All five samples were classified as ‘sand’.  San Martinez Grande Canyon is mostly well graded sand with 
silt and gravel.  
 
6.5.2 Summary of Geomorphic Assessment 
Grande Canyon combines a series of reaches alternating between unconfined stable reaches with small 
inset floodplains and confined, slightly incised and unstable conditions with actively eroding outside 
bends. The upper reach has a well defined and relatively stable bankfull channel that contains the 5-year 
flow adjacent to a small inset floodplain (Attachment E, Images 345a-b). (All Grande Canyon images 
referred to hereafter are in Attachment E.) Downstream the channel is more confined and many outside 
bends are actively eroding into relict raised floodplain terraces, creating steep and failing banks (Images 
354c, 346a, 346b, 346-7a, 3467b). Downstream of this reach the valley opens up and we again encounter 
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more stable conditions (Images 347a, 347b) with small floodplains that persist towards the downstream 
end of the channel (Images 348b, 348c). 
 
6.6 POTRERO CANYON 
The sample locations and particle size distribution curves are shown in Attachment F, with typical 
sediment sizes and channel geomorphic assessment for context.  
 
6.6.1 Summary of Sediment Characteristics 
Of the total samples, 18 were classified as sand, 3 silt and 3 gravel. Sediment in the downstream reaches 
was classified as fines. 
 
6.6.2 Summary of Geomorphic Assessment 

Potrero Canyon has steep headwaters with incised, erosive channels (Image #1) that deliver a lot of coarse 
sediment to a downstream braided reach (Attachment F, Images #2-7). (All Potrero Canyon images 
referred to hereafter are in Attachment F.) The downstream reach is relatively stable with areas of slight 
incision some of slight aggradation (Images #8-10). There is a short reach where the channel is confined 
against the valley side and is deeply incised with highly unstable banks (Image #11). The channel then 
become more stable, though again with some fluctuations between slightly erosive and slightly 
aggradational sub reaches (Images #12, 23, 22). The channel then has a long and unusual reach of alkaline 
meadow much of which takes the form of a swale rather than a channel (Images 20, 19, 18). Towards the 
downstream end the channel becomes increasingly well defined, culminating in an unstable knickpoint 
that is migrating headwards. The channel transitions sharply into a steep, incised section with several 
knickpoints (Image #17c) before emptying into the Santa Clara River. 
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ATTACHMENT A 



Grouted Sloping Boulder Drop
Placed, stepped boulders with voids grouted  



Grouted Sloping Boulder Drop



SOIL CEMENT DROP STRUCTURE



Sculpted Concrete Drop Structure



Non-Grouted Boulder Step Pool



  
 
 

 
   

ATTACHMENT B 



Lion Canyon

Geomorphic Reconnaissance



Lion Canyon
Geomorphic Reconnaissance
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Slightly eroded



Lion #2

Aggraded
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Slightly eroding 
outside bends, 
aggrading channel



Lion #5

Aggrading



Lion #6

Aggrading



Lion #7

Stable – slightly aggrading



Lion #8

Stable



Lion #9

Stable – slightly aggrading



Lion #10

Aggrading 



Lion #11

Heavily aggrading 



Lion #12

Aggrading 



Lion #13

Heavily aggrading 



Lion #14

Slightly aggrading



Lion #15

Deeply incised



Lion #16

Deeply incised



Lion #17

Deeply incised



Lion #18

Historically incised 
but experiencing 
recent aggradation –
relict terraces eroding 
on outside bends



Lion #19

Historically incised 
but experiencing 
recent aggradation –
relict terraces eroding 
on outside bends



Lion #20

Historically incised 
but experiencing 
recent aggradation –
relict terraces eroding 
on outside bends



Lion #21

Historically incised 
but experiencing 
recent aggradation –
relict terraces eroding 
on outside bends



Lion #22

Historically incised 
but experiencing 
recent aggradation –
relict terraces eroding 
on outside bends and 
large undercut valley 
side



Lion #23

Historically deeply 
incised with undercut 
valley side –
knickpoint is incising 
recently deposited 
sediments



  
 
 

 
   

ATTACHMENT C 



Long Canyon

Geomorphic Reconnaissance
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Long Canyon
Geomorphic Reconnaissance



Reach Classification and Photo Points
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Long #243a

Headwaters of canyon showing highly eroded slopes



Long #242a

Deeply incised headwaters reach



Long #244

Sediment sample



Long #us_242d

Aggraded reach (upstream) with 
channel sediment being eroded by 
migrating headcut from downstream 
reach



Long #242d

Aggraded reach



Long #242c

Aggraded reach in historically
entrenched section



Long #242b

Sediment sample



Long #241c

Narrow, slightly entrenched reach 
showing recent aggradation



Long #241b

Narrow, slightly incised reach 
showing recent aggradation



Long #241

Sediment sample



Long #240b

Highly aggradational reach



Long #240a

Highly aggradational reach



Long #240

Sediment sample



Long #239b

Entrenched reach with recent aggradation



Long #239a

Entrenched reach with recent channel aggradation



Long #239

Sediment sample



Long #238c

Aggradational reach with low floodplain



Long #238b

Aggradational reach with low floodplain



Long #238a

Aggradational reach with low floodplain



Long #238

Sediment sample



Long #237b

Aggradational-widening reach with low floodplain on inside bend, 
eroding terrace on outside



Long #237a

Aggradational-widening reach with low floodplain on inside bend, 
eroding terrace on outside



Long #237

Sediment sample



Long #236b

Aggrading reach with low floodplain



Long #236a

Aggrading reach with low floodplain



Long #236

Sediment sample



Long #235b

Aggrading reach with low floodplain on inside bends, eroded terrace on outside



Long #235a

Aggrading reach with low floodplain on inside bends, eroded terrace on outside



Long #234b

Entrenched reach with recent channel aggradation,
low floodplain on inside bends, eroded terrace on outside



Long #234a

Entrenched reach with some channel aggradation,
low floodplain on inside bends, eroded terrace on outside



Long #233a

Aggrading reach with low floodplain on inside bends, eroded terrace on outside



Long #233

Sediment sample



Long #233b

Aggrading reach with low floodplain on inside bends, laterally eroded terrace on outside



Long #232a

Aggrading reach with low floodplain on inside bends, laterally eroded terrace on outside



Long #231d

Aggrading reach with low floodplain on inside bends, laterally eroded terrace on outside



Long #231

Slightly entrenched reach with medium height floodplain terraces



Long #231b

Slightly confined reach with medium height floodplain terraces



Long #231c

Constructed channel



  
 
 

 
   

ATTACHMENT D 



Chiquito Canyon

Geomorphic Reconnaissance
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Chiquito Canyon
Geomorphic Reconnaissance
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Chiquito #449



Chiquito #449

Bed sample



Chiquito #449b

Slightly confined upper reach



Chiquito #450



Chiquito #450a

Middle, heavily aggradational alluvial 
fan dominated reach 



Chiquito #450b

Middle, heavily aggradational alluvial 
fan dominated reach 



Chiquito #450c

Middle, heavily aggradational alluvial 
fan dominated reach 



Chiquito #450d

Middle, heavily aggradational alluvial 
fan dominated reach 



Chiquito #450f

Middle, heavily aggradational alluvial 
fan dominated reach 



Chiquito #450g

Middle, heavily aggradational alluvial 
fan dominated reach 



Chiquito #450h

Middle, heavily aggradational alluvial 
fan dominated reach 



Chiquito #450i

Middle, heavily aggradational alluvial 
fan dominated reach 



Chiquito #450j

Middle, heavily aggradational alluvial 
fan dominated reach 



Chiquito #451a

Middle, heavily aggradational alluvial 
fan dominated reach 



Chiquito #451b

Middle, heavily aggradational alluvial 
fan dominated reach 



Chiquito #452



Middle, heavily aggradational alluvial 
fan dominated reach 

Chiquito #452a



Middle, heavily aggradational alluvial 
fan dominated reach 

Chiquito #452b



Middle, heavily aggradational alluvial 
fan dominated reach 

Chiquito #452c



Chiquito #453



Lower aggradational reach with actively 
eroding former terraces and new inset 
floodplain

Chiquito #453a



Lower aggradational reach with actively 
eroding former terraces and new inset 
floodplain

Chiquito #453b



Chiquito #454



Lower aggradational reach with actively 
eroding former terraces and new inset 
floodplain

Chiquito #454a



Lower constructed reach

Chiquito #454b



Lower aggradational reach

Chiquito #453-4b



Lower constructed reach

Chiquito #453-4a



Chiquito #456



Lower aggradational 
constructed reach

Chiquito #456a



Lower alluvial fan

Chiquito #457



  
 
 

 
   

ATTACHMENT E 



Grande Canyon

Geomorphic Reconnaissance
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Grande Canyon
Geomorphic Reconnaissance



Reach Classification and Photo Points

345345
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Grande #345

Bed sample



Grande #345a

Stable – aggrading channel with inset 
floodplain



Grande #345b

Stable – aggrading channel with inset 
floodplain – some overwidening



Grande #345c

Widening with active bank erosion on 
abandoned floodplain terraces



Grande #346

Sediment sample



Grande #346a

Widening and aggrading with active 
bank erosion on abandoned floodplain 
terraces



Grande #346b

Widening and aggrading with active 
bank erosion on abandoned floodplain 
terraces



Grande #346-7a

Unstable – eroding outside bend condition



Grande #346-7b

Unstable – eroding outside bend condition



Grande #347

Sediment sample



Grande #347a

Moderately stable condition with eroding 
upper terraces and stable new inset 
terraces



Grande #347b

Moderately stable – slightly 
aggradational condition with eroding 
upper terraces and stable new inset 
terraces



Grande #348

Sediment sample



Grande #348b

Moderately stable
– slightly aggradational condition



Grande #348c

Moderately stable
– slightly aggradational condition



  
 
 

 
   

ATTACHMENT F 



Potrero Canyon

Geomorphic Reconnaissance
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Potrero Canyon
Geomorphic Reconnaissance



Reach distribution
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Potrero #1

Steep, incised 
headwaters 
channel



Potrero #3

Steep braided 
headwaters 
channel -
aggradational



Potrero #4a

Steep braided 
headwaters 
channel -
aggradational



Potrero #5

Steep braided 
headwaters 
channel –
aggradational



Potrero #6a

Steep braided 
headwaters 
channel -
aggradational



Potrero #7

Steep braided 
headwaters 
channel – strongly 
aggradational



Potrero #8b

Avulsed channel in 
aggradational reach



Potrero #9

Strongly aggradational 
channel



Potrero #10

Strongly aggradational 
channel



Potrero #11

Deeply incised 
channel



Potrero #12-14

Aggradation in formerly 
incised channel



Potrero #23

Incision into aggraded 
sediments



Potrero #22

Heavily 
aggradational 
channel



Potrero #20

Mesic meadow 
stable swale



Potrero #19

Mesic meadow 
stable channel



Potrero #18c

Mesic meadow currently 
stable swale (unstable 
migrating knickpoint in 
foreground)



Potrero #17c

Steep, unstable reach 
with knickpoints
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1 INTRODUCTION 

This report addresses the potential impacts of the proposed Landmark Village Project (the 
Project), a portion of the Newhall Ranch Specific Plan, on water quality in the Project’s 
receiving waters, the Santa Clara River.  To evaluate impacts of the Project on water quality, 
pollutants of concern are identified based on regulatory and other considerations.  Potential 
changes in water quality are addressed for pollutants of concern based on runoff water quality 
modeling, literature information, and professional judgment.  Impacts take into account Project 
Design Features (PDFs) selected consistent with the Los Angeles County Municipal Separate 
Storm Sewer System (MS4) National Pollutant Discharge Elimination System (NPDES) Permit, 
including the Standard Urban Stormwater Mitigation Plan (SUSMP) requirements.  The level of 
significance of impacts is evaluated using a weight of evidence approach considering 
significance criteria that include predicted runoff quality for proposed versus existing conditions, 
MS4 Permit and Construction General Permit requirements, and reference to receiving water 
quality benchmarks, including Total Maximum Daily Load (TMDL) wasteload allocations and 
water quality standards from the Basin Plan and California Toxics Rule.   
 
The report also assesses the potential for post-development stormwater runoff discharge rates, 
velocities, and durations to cause accelerated stream erosion and to impact stream habitat, and 
includes PDFs to address these potential impacts. 
 
The purpose of this Water Quality Technical Report is to assess the Project’s potential impacts 
on surface water and groundwater quality and hydrology in the receiving surface waters and to 
identify Project Design Features for inclusion in the Project.  Geosyntec Consultants has 
prepared a Newhall Ranch Specific Plan Sub-Regional Stormwater Mitigation Plan (NRSP Sub-
Regional SWMP) (Geosyntec, 2008).  This Landmark Village Water Quality Technical Report is 
an independent component of, and is consistent with, the framework for stormwater water 
quality and hydromodification management established by the NRSP Sub-Regional SWMP, and 
provides the project-level analysis for Landmark Village.   
 
The U.S. Army Corps of Engineers (Corps) and the California Department of Fish and Game 
(CDFG), as lead agencies, have prepared a joint Draft Environmental Impact Statement/Draft 
Environmental Impact Report (DEIS/DEIR) for the Newhall Ranch Resource Management and 
Development Plan (RMDP) (Impact Sciences, 2008).  The Newhall Ranch RMDP consists of 
those measures and project design features necessary to avoid, minimize and mitigate the adverse 
biological effects of improvements, facilities, and activities associated with implementation of 
the Newhall Ranch Specific Plan that will require federal and state permits and agreements from 
the Corps and CDFG.  Essentially, the RMDP is the biological mitigation program for the 
Newhall Ranch Specific Plan.  The RMDP has been prepared to plan, define, and govern the 
implementation of various avoidance, minimization and mitigation measures required for 
implementation of the Newhall Ranch Specific Plan, including onsite and offsite drainage 



 

2 

facilities, bridges, building pads, roads, trails, and facilities associated with the approved 
Newhall Ranch WRP. 
 
Potential hydrologic impacts related to stormwater volume and velocity from the 50 year storm 
event and the 50 year capital flood event are addressed in “Landmark Village Tentative Tract 
Map 53108 Drainage Concept” prepared by Psomas (Psomas, 2006) and the “Flood Technical 
Report” prepared by Pacific Advanced Civil Engineering, Inc. for the Landmark Village Project 
(PACE, 2006a).  Potential biological impacts of the Landmark Village Project will be addressed 
in the Landmark Village Draft EIR,  prepared by Impact Sciences, Inc.  An engineering analysis 
of streambed fluvial stability in the Santa Clara River has also been prepared by Pacific 
Advanced Civil Engineering, Inc. (PACE, 2006b). 
 
The approved Newhall Ranch Specific Plan was the subject of extensive environmental review 
in the previously certified Newhall Ranch Program EIR (State Clearinghouse No. 95011015) and 
related Revised Additional Analysis, Volume VIII (May 2003).  This Project was assessed at the 
program level as part of the environmental analysis conducted for the Newhall Ranch Specific 
Plan.  Portions of that analysis, including the certified Flood Section (Section 4.2 – Newhall 
Ranch Specific Plan EIR) and the certified Revised Additional Analysis (Section 2.3, Floodplain 
Modifications), have been used in the development of this Project Water Quality Technical 
Report.  
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2 ENVIRONMENTAL SETTING 

2.1 Physical Setting 

The Project site is located within the Newhall Ranch Specific Plan area, which is in an 
unincorporated portion of Los Angeles County, approximately 30 miles northwest of downtown 
Los Angeles.  The site is in the Santa Clarita Valley, west of Interstate 5.  The developed portion 
of the Project (tract map site) lies between the banks of the Santa Clara River to the south, SR-
126 to the north, the confluence of Castaic Creek and the Santa Clara River to the east, and 
Chiquita Creek to the west (Figure 2-1).  For the purposes of this report, the “Project developed 
area” refers to the proposed location of the Landmark Village development, while the “Project 
site” includes the tract map site, the borrow site and related haul routes, the Chiquito Canyon 
grading site, the utility corridor, and the potable and reclaimed water tank sites.  
 
The Project impact boundary depicted on Figure 2-1 includes the developed portion of the 
Project (Landmark Village tract map site), as well as areas that will be temporarily disturbed 
during the construction phase of the Project, which includes the borrow site and other areas of 
grading, and areas where underground utilities will be installed. 
 
The tract map site lies on a flat terrace above the Santa Clara River.  The majority of the tract 
map site is currently used for agricultural purposes and is subject to agricultural disking.  
Topography across the site is relatively flat, with elevations ranging from 800 feet to 960 feet 
above mean sea level (msl).  Habitat on the Project site varies in quality from high biological 
value in riparian areas adjacent to the Santa Clara River channel, to highly disturbed habitat such 
as upland agricultural areas.  According to the Antelope Valley Area Soil Survey (Soil 
Conservation Service 1970), nine soil types occur on the Project site: Sandy alluvial land, Metz 
sandy loam, Hanford sandy loam (0 to 2%), Hanford sandy loam (2 to 9%), Sorrento loam (0 to 
2%), River wash, Saugus loam (30 to 50%), Castaic and Saugus soils, and Zamora loam. 
 
Fill has been placed on the tract map site as a result of road construction, utility line placement, 
and agricultural activities.  Fill also exists at various locations on both borrow sites, ranging from 
minor spill fills to large dumped fill pads associated with historical uses.   
 
The borrow site is characterized by sloping hillsides and adjacent agricultural use.  The borrow 
site is dominated by coastal sage scrub and mixed chaparral, but also includes several small areas 
of non-native grassland and live oak woodland.  Elevations on the borrow site range from 
approximately 920 feet (near the Santa Clara River) to 1260 feet above msl.  The Chiquito 
Canyon grading site is dominated by agricultural/disturbed areas, non-native grassland and 
coastal sage scrub vegetation.  Elevations at this grading site range from approximately 970 feet 
(near SR-126) to 1,190 feet above msl. 
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The drainage area that encompasses the tract map site consists of six sub-basins that 
independently drain toward the Santa Clara River (Psomas, 2006).  There are currently no 
existing drainage or erosion/sedimentation control improvements located within the site other 
than minor agricultural drainage ditches and an insignificant amount of earthen bank protection 
along the Santa Clara River (PACE, 2006b).  A jurisdictional delineation of waters and 
streambeds was conducted in accordance with the Army Corps of Engineers (ACOE) protocol in 
2003 (Impact Sciences).  The tract map site is generally bordered to the east by Castaic Creek, to 
the south by the Santa Clara River and to the west by Chiquito Canyon Creek.  These drainages 
are under the jurisdiction of the ACOE.  The Chiquita Landfill area drains through an 
agricultural drain located in the central portion of the tract map site that is also under the 
jurisdiction of the ACOE.  There are no other drainage features within the Project boundaries 
that are under the jurisdiction of the ACOE.   
 
The Project lies downstream from two water reclamation plants.  The Saugus Water Reclamation 
Plant (WRP) is located 5 miles upstream from the Project, across Bouquet Canyon Road at 
Soledad Canyon Road, and the Valencia Water Reclamation Plant is located 1.5 miles upstream, 
just north of Magic Mountain Parkway at the Old Road.  Both treatment plants discharge treated 
wastewater into reaches of the river lying upstream from the Project. 

2.2 Project Area Land Uses 

The Project site is located within the Newhall Ranch Specific Plan (NRSP) area, which was 
approved by the Los Angeles County Board of Supervisors in May 2003.  The Newhall Ranch 
Specific Plan is a comprehensive document that guides future development of the Newhall 
Ranch property and serves as the zoning for the entire Specific Plan area.  The Specific Plan 
contains a conceptual development plan, development regulations, design guidelines, and 
implementation mechanisms consistent with the goals, objectives, and policies of the Los 
Angeles County General Plan and Santa Clarita Area Plan.  The NRSP is a large, master-planned 
development including approximately 21,000 homes and 19,000 jobs, along with recreational 
and mixed uses and public facilities. A complete description of the land uses included in the 
NRSP can be found in the Newhall Ranch Specific Plan (SCH # 95011015; February, 1999). 
 
The proposed Project is to develop the 292.6-acre Landmark Village tract map site, located in the 
first phase of the Riverwood Village within the boundary of the approved Newhall Ranch 
Specific Plan.  To facilitate development of the Landmark Village tract map site, several off-site 
project-related components would be developed on an additional 750.9 acres of land that, for the 
most part, is within the approved Specific Plan boundary.1  The land uses proposed as part of the 
project are consistent with the Newhall Ranch Specific Plan. The Land Use Plan contained 
within the NRSP designates the Landmark Village Project for single and multi-family 

                                                 
1 Portions of the proposed utility corridor and the proposed potable water tank site (located within the Valencia 
Commerce Center business park) are outside the boundaries of the Newhall Ranch Specific Plan. 
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residential, commercial, and recreational land uses (Table 2-1 and Figure 2-2).  Existing land use 
in the developed portion of the Project area consists completely of agricultural production. 
 
The tract map site proposes construction of 1,444 residential dwelling units (308 single-family 
units, 1,136 multi-family units), up to 1,033,000 square feet of mixed-use/commercial uses, a 9-
acre elementary school, a 16-acre Community Park, a fire station, public and private recreational 
facilities, trails, and road improvements.   
 

Table 2-1: Proposed Land Uses Areas within the Landmark Village Development Area 

Land Use Area (Acres) 
Single Family Residential 50.0 

Multiple Family Residential 81.7 

Commercial/Fire Station 36.5 

Park/Recreation Center 21.3 

Trails/Slopes/Water Quality 38.3 

Roadway 55.8 

School 9.0 

Total 292.6 

 

2.3 Associated Off-Site Project Components 

In addition to the 292.6-acre tract map site, the Project also includes 750.9 acres of grading 
and/or development at off-site project locations. 

2.3.1 Long Canyon Bridge 

The Project includes construction of the Long Canyon Road Bridge. The bridge is intended as 
the primary bridge crossing over the Santa Clara River providing access to the central portions of 
the Newhall Ranch Specific Plan.  The bridge will span approximately 1,000 feet over the Santa 
Clara River, with a width of approximately 100 feet.  Support for the bridge will involve 
construction of 11 piers within the river corridor.  Each pier will be spaced approximately 100 
feet apart.  Additionally, abutments and bank stabilization would be required on both sides of the 
bridge to protect against erosive forces. 

2.3.2 Borrow Site 

Site preparation will include a cut and fill grading operation with fill being imported to the site 
from a borrow site located south of the tract map site.  To elevate the Project development above 
the floodplain of the Santa Clara River, soil would be imported from a borrow site located within 
Adobe Canyon (Figure 2-1).  The borrow site is located south of the Santa Clara River and is 
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bounded by Long Canyon to the west.  The total drainage area for the site is about 215 acres and 
flows generally northwest and westerly.  The majority of the land is undeveloped with steep to 
moderate slopes. 
 
The borrow site grading plan will excavate and reshape the hills and depressions forming the 
ridge separating Long and Adobe Canyons.  Much of this work will occur along the top and 
bluffs of an unnamed plateau located just west of Sawtooth Ridge.  This plateau ranges in 
elevation from a low of 1,130 feet at its northern most point to a high of 1,220 in the southeast, 
which is characterized by an increasingly steeper grade.  The proposed grading plan would 
excavate the southeastern portion of this plateau, creating a gentler slope leading up to the top of 
the ridge.  The resultant manufactured slope angle would range from 5:1 to 2:1 (horizontal/ 
vertical).  The grading plan also alters the western facing slope leading up to the plateau, creating 
a bench separated by two manufactured slopes stepping down the west-facing ridgeline defining 
Adobe Canyon at a 3:1 grade.   
 
Additional earthwork is planned at the terminus of Adobe Canyon where a series of excavations 
will result in a manufactured slope approximately 100 feet in height at a relatively uniform 3:1 
grade.  A series of benches, swales and debris basins will also be constructed to collect, convey 
and release runoff in a controlled manner.  Approximately six million cubic yards of earth may 
be excavated from the Long Canyon/Adobe Canyon area and transported across the Santa Clara 
River to the tract map site using existing at-grade agricultural crossings.  All of this area is within 
the development footprint approved with the Newhall Ranch Specific Plan. 

2.3.3 Chiquito Canyon Grading Site 

To accommodate Project-necessitated improvements to SR-126 and debris basins for storm 
water flows that are collected by the Project storm drainage system, approximately 120 acres of 
land directly north of SR -126 and within Chiquito Canyon would be graded.  The Conceptual 
Grading Plan would lower the area of the property near the intersection of Chiquito Canyon 
Road with SR-126 by approximately 60 feet when compared to the existing elevation.  Rather 
than a gradual incline that extends upward at an increasingly greater grade, the reshaped slope 
would approximate the grade of SR-126 for about 1,500 feet east of the intersection with 
Chiquito Canyon Road.  At this point, the grading plan creates a manufactured slope that extends 
upward at a uniform 3:1 grade reaching a high of 1,160 feet above msl.  A series of benches, 
swales and debris basins will also be constructed to collect, convey and release runoff in a 
controlled manner.  Approximately 1.2 million cubic yards of earth will be excavated from this 
area and placed as fill in the adjacent areas.  All of this graded area is within the development 
footprint of the NRSP. 

2.3.4 Water Tanks 

Potable water would be conveyed to the tract map site from two separate water tank sites.  One 
tank is proposed north of the SR-126 within the existing Valencia Commerce Center business 
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park.   The second potable water tank would be located within the borrow site, in an area to be 
graded as part of the proposed soil transfer.  The Project would also implement a portion of the 
Specific Plan’s reclaimed water storage and distribution system through one of the following two 
options: the first would include the installation of two reclaimed water tanks in Chiquito Canyon, 
north of the Chiquito Canyon grading site, and the second option would include the conversion 
of an existing potable water tank on Round Mountain (east the tract map site and east of 
Interstate 5) to a reclaimed water tank.  For the purpose of the impact analysis, the area for the 
water tanks and access roads to the tanks was estimated to be a total of eight acres.  

2.3.5 State Route 126 Improvements 

Improvements to State Route 126 (SR-126) would be constructed in conjunction with the project.  
A 95.6 acre portion of the SR-126 project, extending from just west of the intersection of 
Commerce Center Drive and SR-126 to the western edge of Landmark Village, including the 
widening of the Castaic Creek/SR-126 Bridge, has been included in the Project analysis.  Along 
with the bridge deck widening, bridge abutments are to be widened to approximately 500 LF of 
creek length of reinforced concrete transitioning to soil cement through 50 linear foot of creek 
length of rip-rap. 

2.3.6 Utility Corridor 

The Project also includes a 110 acre utility corridor that runs parallel to SR–126, from the 
western boundary of the tract map site to the approved Newhall Ranch Water Reclamation Plant 
near the Ventura County line, from the eastern boundary of the tract map site to the Old Road 
and then south to the Los Angeles County Sanitation District 32 Water Reclamation Plant.  The 
utility corridor would serve to extend municipal services to the site.  The utilities will be placed 
underground and a maintenance access road and potential future trail will be constructed above 
ground.  As the impact area for the maintenance access road and trail have not yet been 
determined, the impacts of these Project components are assessed qualitatively in this report. 

2.4 Proposed Drainage Improvements – Project and Santa Clara River 

The proposed improvements on the Project site that would occur in and adjacent to the Santa 
Clara River, including bank stabilization, storm drain outfalls and associated energy dissipaters, 
and construction of Long Canyon Road Bridge across the River are described below.  At limited 
locations on the Project site, such as at outlet structures, access ramps, or bridge abutments, 
grouted rip-rap or reinforced concrete would be used to minimize erosion.  Approximately 
18,600 linear feet (LF) of the River and Creek bank would be provided with buried soil cement 
protection.  This would include approximately 11,000 LF fronting the tract map site and 6,400 
LF on the south bank downstream (west) of the Long Canyon Road Bridge.  Additional buried 
bank stabilization would be constructed as part of the approved Newhall Ranch Water 
Reclamation Plant (WRP) and between the Old Road and the Santa Clara River (protecting the 
utility corridor).   The bank protection between the Old Road and the Santa Clara River was 
approved as part of the Santa Clara River Natural River Management Plan (NRMP).   
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Approximately 6,600 LF of Turf Reinforcement Mat (TRM) or similar bank stability protection 
would be provide along the southern edge of the utility corridor downstream or west of the tract 
map site.  Additional flood protection improvements would include the Long Canyon Road 
Bridge abutments (including rip rap) and piers, the widening of the bridge abutments (including 
rip rap) of the SR 126/Castaic Creek Bridge, and the various outlet structures and energy 
dissipaters both on-site and off-site.  Finally, the above flood control improvements may 
necessitate the need for dewatering activities.  These activities would be subject to the applicable 
requirements of the LARWQCB. 

2.4.1 Proposed Project Drainage Improvements   

Runoff from the six off-site drainage areas that drain through or onto the developed portion of 
the Project site, as defined by the Psomas Landmark Village Drainage Concept Report (Psomas, 
2006) would continue to flow through the Project site.  Runoff from the developed portions of 
the Project would be channeled through the proposed stormwater conveyance system and would 
be discharged to the Santa Clara River through 11 new outfalls after passing through the water 
quality treatment BMPs (see Section 5.3 for further detail).  As required in the Los Angeles 
County Department of Public Works memorandum entitled, “Level of Flood Protection and 
Drainage Protection Standards,” all on-site drainage systems carrying runoff from developed 
areas are to be designed for the 25-year Design Storm (Urban Flood), while storm drains under 
major and secondary highways, open channels (main channels), debris carrying systems, and 
sumps will be designed for the Capital Flood.  

2.4.2 Energy Dissipaters 

To reduce storm flow velocities and prevent erosion at stormwater discharge points into the 
River, energy dissipaters consisting of either rip-rap or other larger reinforced concrete standard 
impact-type energy dissipaters would be constructed at the approximately 11 storm drain outlets 
into the River, pursuant to the requirements of the Newhall Ranch Resource Management and 
Development Plan.  These energy dissipaters would slow the rate of flow of runoff into the River 
to prevent erosion of the stream channel.  Additional dissipaters would be located at the outlet of 
Chiquito Creek and Long Canyon Creek. 

2.4.3 Bank Stabilization 

The Conceptual Backbone Drainage Plan of the Newhall Ranch Specific Plan provides drainage 
and flood control protection to developed uses while preserving the Santa Clara River as a 
natural resource.  The Drainage Plan utilizes several criteria that are to be implemented by 
projects that develop within the Specific Plan area. The primary criteria are as follows: 
 

• Flood corridor must allow for the passage of Los Angeles County Capital Flood 
discharge without the permanent removal of natural River vegetation (except at bridge 
crossings);  
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• The bank stabilization for the River will generally be established outside of the “waters of 
the United States” as defined by federal laws and regulations and as determined by the 
delineation completed by the ACOE in August 1993; 

• Where the ACOE delineation width is insufficient to contain the Capital Flood flow, the 
flood corridor will be widened by an amount sufficient to carry the Capital Flood flow 
without the necessity of permanently removing vegetation or significantly increasing 
velocity; and 

• Soil cement will occur only where necessary to protect against erosion adjacent to the 
proposed development.  Where existing bluffs are determined to be stable and there is no 
adjacent proposed development, no bank protection will be built. 

 
Most of the proposed bank protection would consist of buried soil cement to provide scour and 
freeboard flood control protection.  Soil cement bank protection provides a stable riverbank 
protection material, in terms of both surface erosion and structural stability.  Additionally, soil 
cement bank protection will be mostly buried.  The exposed top portion of the soil cement will 
be aesthetically and vegetatively compatible with the natural earth and vegetated bank area. 
 
Hydrology impacts are evaluated in the Flood Technical Report (PACE, 2006a).   

2.5 Receiving Water Bodies and Beneficial Uses 

2.5.1 Santa Clara River 

The Project will discharge from its storm drain and water quality control facilities directly to 
Santa Clara River Reach 52, downstream of its confluence with Castaic Creek.   
 
The Water Quality Control Plan for the Los Angeles Region (Basin Plan) (LARWQCB, 1994, as 
amended) lists beneficial uses of major water bodies within this region (Table 2-2).  Santa Clara 
River Reach 5 is listed and has specific beneficial uses assigned to it.  As identified in Table 2-2, 
the existing beneficial uses of Santa Clara River Reach 5 include the following: 
 

• MUN*: Conditional potential municipal and domestic water supply 

• IND:  Industrial activities that do not depend primarily on water quality 

• PROC:  Industrial activities that depend primarily on water quality 

                                                 
2 The SCR is divided into reaches for purposes of establishing beneficial uses and water quality objectives.  
However, there are two reach classifications, one established by the Los Angeles Regional Water Quality Control 
Board (LARWQCB) and one established by the United States Environmental Protection Agency (EPA).  Both of 
these reach classifications are used by the LARWQCB and the EPA in various documents, which at times is a 
source of confusion.  This report will use the LARWQCB reach numbers. 
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• AGR:  Agricultural supply waters used for farming, horticulture, or ranching 

• GWR:  Groundwater recharge for natural or artificial recharge of groundwater 

• FRSH:  Natural or artificial maintenance of surface water quantity or quality 

• REC1:  Water contact recreation involving body contact with water and ingestion is 
reasonably possible 

• REC2:  Non-contact water recreation for activities in proximity to water, but not 
involving body contact 

• WARM:  Warm freshwater habitat to support warm water ecosystems 

• WILD:  Wildlife habitat waters that support wildlife habitats 

• RARE:  Waters that support rare, threatened, or endangered species and associated 
habitats 

• WET:  Wetland ecosystems 

Table 2-2: Beneficial Uses of Surface Receiving Waters 

Water Body 

M
U

N
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D
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R
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Santa Clara River (Hydrologic Unit 403.51) P* E E E E E E E E E E E 
1Waterbodies designated as WET may have wetlands habitat associated with only a portion of the waterbody.  Any 
regulatory action would require a detailed analysis of the area. 
E – Existing beneficial use; P * – Asterixed MUN designations are conditional potential MUN designations3. 
Source:  Water Quality Control Plan for the Los Angeles Region (Basin Plan) (LARWQCB, 1994, as amended) 
 
The NRSP area is located within the Santa Clara River Hydrologic Basin and associated 
watershed, which is 1,634 square miles in area.  The portion of the Santa Clara River watershed 
that is located generally upstream or east of the Ventura County/Los Angeles County 
jurisdictional line is approximately 640 square miles in size, and drains portions of the Los 
Padres National Forest from the north, the Angeles National Forest from the north and northeast, 
and the Santa Susana Mountains from the south and southeast.  The Santa Clara River extends 
                                                 
3 On December 5, 2001, the U.S. Federal District Court issued an order that effectively invalidated EPA’s 
requirement that the asterisked MUN designated uses (MUN* uses) in the Los Angeles Basin Plan be immediately 
enforced.  See Order granting plaintiffs’ motion for summary judgment and remanding action to EPA, No. CV 00-
08919 R(RZx), City of Los Angeles et al.. v. United States Environmental Protection Agency…, dated December 
18, 2001.  See also letter dated February 15, 2002, from Alexis Strauss, USEPA Region IX, to Celeste Cantu, 
Executive Director, California SWRCB:  “…waters identified with an (“*”) in Table 2-1 do not have an MUN as a 
designated use until such time as the State undertakes additional study and modifies its Basin Plan.”  EPA also 
stated that this conditional use designation has no legal effect. 
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approximately 5.5 miles east to west across the NRSP area.  The NRSP area comprises 2.9 
percent of the Santa Clara River watershed upstream of the Los Angeles/Ventura County Line, 
1.1 percent of the total Santa Clara River watershed, and approximately 58 percent of the 20,724-
acre tributary drainage area.  The Landmark Village Project site comprises 972 gross acres 
within the 1,634 square-mile Santa Clara River Basin Watershed.   
 
The Santa Clara River (SCR) watershed drains an area in the Transverse mountain range of 
southern California.  The SCR flows generally west from its headwaters near Acton to the 
Pacific Ocean near the City of Ventura, approximately 40 miles downstream of the Project 
location.  The river exhibits some perennial flow in its eastern-most stretches within the Angeles 
National Forest, then flows intermittently westward within Los Angeles County.  The principal 
tributaries of the upper river watershed in Los Angeles County are Castaic Creek, Bouquet 
Canyon Creek, San Francisquito Creek, and the South Fork of the Santa Clara River.  Placerita 
Creek is a large tributary draining the western-most end of the San Gabriel Mountains; it joins 
the South Fork, which flows directly into the Santa Clara River.  Castaic Creek is a south-
trending creek that confluences with the Santa Clara River upstream and adjacent to the Project.  
Castaic Lake is a DWR-owned reservoir located on Castaic Creek.  San Francisquito Canyon 
Creek is an intermittent stream in the watershed adjacent to Bouquet Canyon to the southeast.  
Elevations within the watershed range from sea level at the river mouth to 8,800 feet at the 
summit of Mount Pinos in the northwest corner of the watershed.   
 
The principal sources of water contributing to the base flow of the Santa Clara River are:  (a) 
groundwater from the Alluvial aquifer basin in Los Angeles County, which seeps into the 
riverbed near, and downstream of, Round Mountain (located just below the mouth of San 
Francisquito Creek); (b) tertiary-treated water discharged to the Santa Clara River from two 
existing Los Angeles County Sanitation District WRPs -- the Saugus WRP, located near Bouquet 
Canyon Road bridge and the Valencia WRP, located immediately downstream of I-5 (for 
locations, see Figure 2-1); and (c) in some years, DWR-released flood flows from Castaic Lake 
into Castaic Creek during winter and spring months  (CH2M Hill, 2005).  The Saugus Water 
Reclamation Plant, located near Bouquet Canyon Road bridge, has a permitted dry weather 
average design capacity of 6.5 million gallons per day (mgd) creating surface flows from the 
outfall to near Interstate 5.  The Valencia Water Reclamation Plant outfall is located immediately 
downstream of the Interstate 5 bridge and has a permitted dry weather average design capacity of 
21.6 mgd, creating surface flows extending through the Project area and into the far eastern 
portion of Ventura County.  The combined average treated discharge from both WRPs between 
January 2004 and June 2007 was approximately 20 mgd. 
 
The reach of the SCR within and adjacent to the Project has multiple channels (braided).  This 
kind of system is characterized by high sediment loads, high bank erodibility, and intense and 
intermittent runoff conditions.  Combined with the relatively flat gradient of the SCR at this 
point (less than one percent), the SCR has a high potential to aggrade (deposit sediment) at low 
flow velocities (PACE, 2006a). 
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The following description of the physiography, climate, flows, and vegetation of the Santa Clara 
River are summarized primarily from Assessment of Potential Impacts Resulting from 
Cumulative Hydromodification Effects, Selected Reaches of the Santa Clara River, Los Angeles 
County, California (Balance Hydrologics, provided in Appendix F). 

Physiography 

The Santa Clara River flows through a complex, tectonically-active trough.  Some of the most 
rapid rates of geologically-current uplift in the world are reported from the Ventura anticline and 
San Gabriel Mountains, just to the northwest and southeast, respectively, of the river.  Slopes are 
very steep, with local relief of 3,000 to 4,000 feet being common.  These faults bring harder, 
more resistant sedimentary rocks over softer and younger sedimentary formations, but all 
formations are fundamentally soft and erodible.   On either side of the faults, sandstone and 
mudstones prevail.  The northeastern and southeastern corners of the watershed are underlain by 
deeply-weathered granitic and schistose rocks, which produce sands that are coarser than those 
of other rock units when they weather and erode.   The San Gabriel fault crosses the valley, 
bringing slightly more resistant rock to the surface and creating a local base level reflected as a 
slight rise or ‘bump’ on the river’s longitudinal profile. 
 
Most geologic materials in the watershed decompose mainly to silts, clays, and sand, with some 
coarser materials.  Most sediment moved by the Santa Clara River and its main tributaries is fine, 
with less than 5 percent bedload-sized material (>0.25 mm, or about 0.01 inches in diameter).  
Some gravels and cobbles do occur within the beds of the stream and in their alluvium.  
Nonetheless, both the bed and the sediment transported by the river tend to be finer than in most 
Southern California watersheds. 

Flows 

Downstream of the Valencia WRP, the SCR is perennial past the Los Angeles/Ventura County 
line to approximately Rancho Camulos.  Flows in the SCR can also be affected by groundwater 
dewatering operations or by diversions for agriculture or groundwater recharge.  Throughout the 
Santa Clara River channel, there are complex surface water/groundwater interactions where both 
gaining and losing river segments are found.  Downstream of the County line, however, the 
Santa Clara River flows through the Piru groundwater basin, which represents a “Dry Gap” 
where dry-season surface flows are interrupted and streamflow is lost to groundwater. 
 
The SCR is underlain by several distinct alluvial groundwater basins in Ventura County—the 
Piru, Fillmore, and Santa Paula Basins.  These basins are divided longitudinally by sills or ridges 
of bedrock that support areas of locally-high (shallow) groundwater, including the area upstream 
from the County line (above the Piru Basin), and upstream from the mouth of Sespe Creek (the 
transition between the Piru and Fillmore Basins).  This locally-high groundwater sustains 
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summer baseflow and riparian vegetation within the SCR corridor even through relatively dry 
climatic cycles. 
 
Flows in the SCR, as in most southern California streams, are highly episodic.  For the gaged 
period between 1953 and 1996, annual flow at the Los Angeles/Ventura County line gage ranged 
between 253,000 acre-feet (1969) and 561 acre-feet (1961).  Annual peak flows at the County 
line between 1953 and 1996 ranged from 68,800 cfs (1969) to 109 cfs (1960).  Of note is that the 
second highest annual peak, 32,000 cfs in 1966, was less than half of the highest peak (68,800 in 
1969).  These large episodic events have a significant impact on the geomorphic characteristics 
of the Santa Clara River mainstem. 
 
After studying the response of the river to several different anthropogenic and natural 
disturbances, Balance Hydrologics (2005) concluded that the Santa Clara River, as with many 
streams in semi-arid southern California, is highly episodic.  Concepts of “normal” or “average” 
sediment-supply and flow conditions have limited value in this “flashy” environment, where 
episodic storm and wildfire events have enormous influence on sediment and storm flow 
conditions.  In these streams, a large portion of the sediment movement events can occur in a 
matter of hours or days.  Other perturbations which can potentially affect channel geometry 
appear to have transitory or minor manifestations.  For example, effects on SCR channel width 
due to the 1980s levee construction was barely discernible by the first few years of the 21st 
century, probably mostly due to morphologic compensation associated with the storm events in 
the mid- to late-1990s.  As a result, channel morphology, stability, and character of the Santa 
Clara River is almost entirely determined by the “reset” events that occur within the watershed. 

Vegetation and Habitat Types 

Much of the watershed upstream of the Newhall Ranch Specific Plan area receives rainfall 
averaging about 18 to 25 inches per year.  As throughout Southern California, rainfall in the 
Santa Clara watershed alternates between wet and dry periods, a variation that is central to 
understanding the geomorphic history of the watershed.  Wet cycles tend to persist for several 
years, sometimes for periods of 6 or 8 years, during which rainfall, although variable, may 
average about 140 to 150 percent of the long-term average.  For the woody riparian vegetation 
along the banks and on islands in the braided channels, these are crucial periods for 
establishment and growth.  During dry cycles, the roots of the riparian vegetation must grow 
downward to the water table or perched zones, and where it cannot do so, this band of vegetation 
will die back. 
 
The existing SCR channel contains a variety of vegetation types (Impact Sciences, 2003). The 
active SCR channel is mostly barren due to scouring by seasonal storm flows.  However, 
vegetation types on the adjacent terraces vary based on elevation relative to the active channel 
bottom and the frequency of flooding.  The following series of vegetation types occur along a 
vertical gradient from the channel bottom to the highest SCR terrace on the floodplain: emergent 
herbaceous, woody shrubs, and trees. 
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The Santa Clara River corridor at the Project site supports three general categories of habitat 
(Impact Sciences, 2003): (1) aquatic habitats, consisting of flowing or ponded water; (2) wetland 
habitats, consisting of emergent herbs rooted in ponded water or saturated soils along the 
margins of the active channel; and (3) riparian habitat, consisting of woody vegetation along the 
margins of the active channel and on the floodplain.  Both year-round and seasonal aquatic 
habitats are provided and are subject to periodic disturbances from winter flood flows.  These 
flows inundate areas that are dry most of the year.  They also carry and deposit sediment, seeds, 
and organic debris; form new sandbars and destroy old ones; and erode stands of vegetation.  
New stands of vegetation are created where vegetation becomes established by seeds or buried 
stems.  Thus, the aquatic habitats of the river are in a constant state of creation, development, 
disturbance, and destruction. 

2.5.2 Tributaries to the Santa Clara River 

Several tributaries drain into the Santa Clara River adjacent to the Landmark Village Project site, 
including Chiquito Canyon and Long Canyon, which enter the River downstream of the Project 
site, and Castaic Creek, which enters the River upstream of the Project site (Figure 2-1).  Project 
runoff from the developed portion of the Project will not be discharged to the tributaries; all 
Project runoff will be discharged to the Santa Clara River after receiving treatment in the Project 
PDFs.  Construction phase activities (borrow sources and grading) will occur in areas that drain 
to Adobe Canyon, Long Canyon, and Chiquito Creek. 
 
The Chiquito Canyon, Long Canyon, and Castaic Creek watersheds are characterized by both 
rugged and steeply developed foothills that have numerous smaller tributary canyons that dissect 
the watershed, connecting to the narrow alluvial valley associated with the main stem drainage. 
Approximately 90 percent or more of the watersheds' area consists of rugged foothill topography 
with the remainder being the narrow valley floor.  Generally, the soils in the watersheds are 
characterized as silty clay loams from both the Castaic and Saugus formations.  Also, the soils 
within the watersheds can be predominately classified as being in hydrologic soil group C 
(higher runoff potential) with exception of areas adjacent to the main stem drainages that are 
Type A (lower runoff potential) and Type B in the lower reaches. 
 
The 4.85 square mile (3,106 acre) Chiquito Canyon watershed is a tributary to the northern bank 
of the Santa Clara River.  Approximately 490 acres of Chiquito Canyon, or only 16% of the 
watershed area, is located within the NRSP boundary, with the majority being upstream of the 
NRSP boundary in the developed Val Verde community (PACE, 2006b). The upper portion of 
the drainage is aligned in a general west to east direction while the lower portion of the drainage 
flows in a north to south direction.  The linear distance from the upper headwaters to the canyon 
mouth is approximately 28,318 feet, with an average overall slope of 0.031. The major natural 
main stem drainage course within the watershed has an average slope through the NRSP area of 
approximately 0.025.  The topography for the watershed varies from a maximum elevation of 
1,800 feet in the headwaters to a low elevation of 925 feet near the mouth of the canyon at the 
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Santa Clara River valley.  The area surrounding the upper channel in Chiquito Canyon within the 
Newhall Ranch project area is primarily comprised of agricultural land (URS, 2003).  In contrast 
to the vegetation found in the upper portion of Chiquito Canyon within the project area, the 
vegetation found in the downstream portion of the drainage within the project area is quite 
diverse, supporting scalebroom scrub, coast live oak woodlands, and Great Basin scrub.   
 
The two square mile (1,295 acre) Long Canyon watershed is also tributary to the southern bank 
of the Santa Clara River.  Approximately 845 acres of Long Canyon, or 65% of the watershed 
area, is located within the NRSP boundary, with the remainder being upstream in the Legacy 
Village subregion (see Figure 2-1). The drainage in the headwaters is aligned in a general west to 
east direction.  The distance from the upper headwaters to the canyon mouth is approximately 
18,350 lineal feet, with an average overall slope of 0.052 (PACE, 2006b).  The major natural 
main stem drainage course within the watershed has an average slope in the lower reaches of the 
watershed of approximately 0.11.  The topography for the watershed varies from a maximum 
elevation of 2,600 feet in the headwaters to a low elevation of 930 feet near the mouth of the 
canyon at the Santa Clara River valley.  Both sides of this watershed contain habitat types 
comprised primarily of coastal sage scrub, with small pockets of chamise chaparral, and 
grassland present (URS, 2003). Within the stream channel, there is a mixture of grassland, 
elderberry scrub, live oak woodland, alluvial scrub, great basin scrub, mixed chaparral, and 
alluvial scrub. 
 
The 8.7 square mile (5,555.3 acre) Castaic Creek watershed is a tributary located north of the 
Santa Clara River. The total length of the mainstem channel is approximately 36,819 feet, with 
an average overall slope of 3.7 percent.  The maximum elevation difference from the headwaters 
to the mouth of the creek at the Santa Clara River is 1,378 feet.  Generally, the soils in the 
watershed are characterized as Saugus loam and are predominately classified as being in 
hydrologic soil group "B" (lower runoff potential).  The associated vegetative cover within the 
watershed varies, but primarily consists of California coastal sage scrub. 
 
The Adobe Canyon borrow site is located south of the Landmark Village tract map site and east 
of Long Canyon on the south side of the river.  Adobe Canyon is characterized by sloping 
hillsides and adjacent agricultural use.  The borrow site is dominated by coastal sage scrub, but 
also includes areas of coastal sage chaparral scrub, non-native grassland, and live oak woodland.  
Elevations on the borrow site range from approximately 920 feet (near the river) rising to 1,260 
feet above mean sea level further south. 

2.6 Existing Receiving Water Quality 

Due to the size of the study area and the highly variable nature of wet weather surface water 
quality in the Santa Clara River throughout the study area, it was not appropriate to summarize 
water quality data for a single timeframe or location in order to establish baseline water quality 
conditions.  As discussed above, flows in the Santa Clara River are highly episodic in nature and 
this characteristic can affect surface water quality considerably.  The data summarized below, 
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however, is recent and provides an accurate and reasonable characterization of existing water 
quality conditions that exist in the Project area.  Data collected by the USGS at the Ventura/Los 
Angeles County line also summarized below provides historical perspective of water quality 
within the Santa Clara River at the downstream Project boundary. 
 
Wet and dry weather surface water quality in the Project area was characterized from available 
water quality monitoring data obtained from the following four sources: 
 

1. Newhall Ranch Tributary Stormwater Monitoring.  Two storm events in March 2000 
were monitored by the Newhall Ranch in five tributaries to the Santa Clara River within 
the NRSP area: Potrero Canyon, Long Canyon, San Martinez Grande Canyon, Middle 
Canyon, and Chiquito Canyon.  Although limited, this data is relevant in terms of 
characterizing the existing stormwater runoff within the Santa Clara River tributaries 
within the NRSP area as the conditions within these watersheds have not been altered 
since 2000.   

2. Newhall Ranch WRP.  The Newhall Ranch is required by the LARWQCB to conduct 
pre-startup water quality monitoring at upstream and downstream locations from the 
outfall of the approved Newhall Ranch WRP for the Newhall Ranch WRP individual 
NPDES Permit and Waste Discharge Requirements (WDRs) application.  Summarized 
wet weather monitoring data were collected from two stations in the Santa Clara River 
from the spring of 2004 until the spring of 2006: one station is near the downstream 
boundary of the NRSP area near to the proposed WRP outfall location, and the second is 
about 2.5 miles further downstream.  

3. Los Angeles County Monitoring.  The County of Los Angeles conducts in-stream water 
quality monitoring on the mainstem of the Santa Clara River at a mass emission station 
located at The Old Road, at the upstream boundary of the Project area.  Wet weather 
monitoring data are available from November 2002 through February 2007.  The Los 
Angeles County monitoring data are the most current and are the only source of wet 
weather monitoring in the Santa Clara River immediately upstream of the NRSP area. 

4. USGS Monitoring.  The USGS collected a large number of water quality data in the 
Santa Clara River near the Ventura/Los Angeles County line from 1951 through 1995.  
These data provide a historical perspective of wet weather water quality in the Santa 
Clara River immediately downstream of the NRSP area.   

2.6.1 Wet Weather Water Quality Monitoring 

Wet Weather Monitoring Locations and Rainfall Conditions 

NRSP Area Stormwater Monitoring.  Newhall Land conducted stormwater monitoring of 
tributary streams in the NRSP area to characterize the existing surface water quality during wet 
weather conditions (the monitoring data is provided in Appendix C).  Stormwater samples were 
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collected during two storm events in March 2001 at five monitoring locations (Stations A-E) 
shown on Figure 2-1.  Three of the five monitoring stations were located at the mouths of SCR 
tributaries in Potrero Canyon (Sta. A), San Martinez Grande Canyon (Sta. B), and Middle 
Canyon (Sta. D).  The other two monitoring stations were located on tributaries upstream from 
the mainstem of the SCR; one was just downstream of the community of Val Verde in Chiquito 
Canyon (Sta. E) and one was on an unnamed tributary in Long Canyon, ¼ mile upstream of the 
‘Onion Field’ (Sta. C).  Aside from Station E, which is downgradient of existing residential 
development, the land uses in the areas tributary to the Stations A, B, C, and D are 
predominately open space with some agriculture and oil and gas operations. 
 
Table 2-3 lists the rainfall depth and duration of the two monitored storm events.  The first storm 
was a small event (0.2 inches) that was likely just large enough to result in stormwater runoff.  
The depth of the second event was larger and slightly larger than the median storm depth (0.6 
inches) at the nearby National Climatic Data Center (NCDC) Newhall rain gauge (see location 
on Figure 2-1).  The median depth of 0.6 inches is based on a storm event analysis which 
identified 543 storms exceeding 0.1 inches that occurred from October 1968 to December 2006. 
The average storm duration in the 38-year Newhall gage rainfall record is 11.3 hours. 
 

Table 2-3: Depth and Duration of Storms Monitored at Project Site 
Date Depth (in)1 Duration (hours)1 

03/06/01 0.2 3 

03/08/01 0.7 10 
1 Based on rainfall measured at the Newhall rain gauge. 

 
Newhall Ranch WRP Pre-Startup Monitoring.  Newhall Land has conducted pre-startup 
receiving water quality monitoring for the approved Newhall Ranch WRP (Newhall, 2006) at 
two locations in the SCR (see Figure 2-1):   

• NR1 is located in the SCR 300 feet upstream of the WRP outfall location, and  

• NR3 is located in the SCR approximately 7,500 feet downstream of the WRP outfall.   

Five storms with rainfall depths ranging from 0.1 to 0.6 inch were sampled at NR1 and NR3 and 
one very large storm with a depth of 4.45 inches was sampled at NR3 (Table 2-4).  Grab 
sampling methods were used.    
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Table 2-4: Depth and Duration of Storms Monitored for Newhall Ranch WRP 
Date Storm Depth (in) Duration (hours) 

12/07/04(1) 0.12 6 

2/17/05(2) 0.60 12 

2/18/05 (2) 4.45 12 

11/9/05(1) 0.12 6 

11/10/05(2) 0.20 1 

2/17/06(1) 0.32 7 
1Depth and duration measured at the Newhall rain gauge, 2 Estimated due to lack of gage data  

 
Los Angeles County Department of Public Works Monitoring Data.  The Los Angeles 
County Department of Public Works (LACDPW) has conducted dry and wet weather monitoring 
in the Santa Clara River for five wet seasons - from 2002 through 2007  (LACDPW, 2003 - 
2007).  The monitoring station (S29) is located in the Santa Clara River at The Old Road (Figure 
2-1).  It is approximately two miles upstream from the eastern boundary of the NRSP area.  The 
monitoring station is downstream of the Saugus Water Reclamation Plant and the City of Santa 
Clarita and upstream of the Valencia Water Reclamation Plant.  The monitoring station is 
intended to provide long-term information about water quality trends in areas with heterogeneous 
land uses and has a tributary area of 411 square miles.   
 
Monitoring at the mass emission station included nineteen storm events.  Composite samples 
were collected for most parameters, except grab sampling was used for bacteria, oil and grease, 
and cyanide analyses.  The Santa Clara River Station is not automated so composite samples 
were obtained by sampling discretely every twenty minutes for the first three hours of the storm, 
and then mixing the discrete samples in the laboratory in proportion to the measured flow rates.  
Table 2-5 lists the rainfall depths and durations of the nineteen monitored storm events based on 
hourly rainfall measurements at the Newhall rain gage.  The depth of eight of the ten storms was 
greater than the median storm depth for the Newhall rain gage (0.60 inches).  In particular, storm 
events beginning on 2/11/03 and 1/7/05 were very large events, with total storm depths of 8.0 
and 9.99 inches, respectively.   
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Table 2-5: Depth and Duration of Storms Monitored by LACDPW at S29 
Date Depth (inches)1 Duration (hours)1 

11/8/02 1.6 21 
12/16/02 1.9 5 
2/11/03 8.0 32 
3/15/03 2.0 16 

10/31/03 0.30 4 
12/25/03 1.80 14 

1/2/04 0.4 9 
10/17/04 0.64 7 
10/26/04 2.22 13 

1/7/05 9.99 92 
10/17/05 1.61 14 
12/31/05 0.6 4 
1/14/06 0.08 2 
2/17/06 0.32 7 
12/9/06 0.47 2 

12/16/06 0.12 2 
1/30/07 0.44 16 
2/19/07 0.24 5 
2/22/07 0.32 3 

1 Based on rainfall measured at the Newhall rain gage 
 
USGS Water Quality Monitoring Data.  The US Geological Survey (USGS) has collected 
stream flow and water quality data at a number of locations in the SCR watershed 
(http://waterdata.usgs.gov/nwis).  Among the largest data sets are flow and water quality data 
collected at USGS station 11108500 located on the Santa Clara River just downstream of the Los 
Angeles / Ventura County Line.  This station is located approximately one mile downstream of 
the NRSP area (Figure 2-1), and downstream of both existing Water Reclamation Plants.  The 
USGS collected water quality data between April 1951 and October 1995, probably using depth 
integrated sampling.  These data thus provide a historical perspective of water quality in the SCR 
within the NRSP area. 
 
Data presentation.  To facilitate interpretation, the wet weather water quality data were grouped 
into two categories depending on the depth of 2-day antecedent rainfall measured at the Newhall 
rain gauge: 
 

1. 0.1 – 1 inches.  Rainfall depths that would likely produce runoff volumes characteristic 
of more frequent, smaller storm events. 

2. > 1 inch.  Rainfall depths that would likely produce runoff volumes characteristic of 
larger, less frequent storm events. 
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Selected General Constituents  

The selected general constituents examined were total suspended solids (TSS), total dissolved 
solids (TDS), hardness, and chloride (see Section 4 for a discussion of pollutant selection).  TSS 
is a measure of the particulate matter suspended in water.  Total dissolved solids (TDS) are a 
measure of the dissolved cations and anions, primarily inorganic salts (calcium, magnesium, 
potassium, sodium, chlorides and sulfates).  TDS is an impairing pollutant in Reach 3 of the SCR 
as listed in the State’s 2006 303(d) list of impaired water bodies.  High TDS levels can impair 
agricultural, municipal supply, and groundwater recharge beneficial uses.  
 
Hardness and chloride are important components of TDS.  Hardness is a measure of the 
polyvalent cations, primarily calcium and magnesium.  It is expressed as an equivalent 
concentration of calcium carbonate (CaCO3).  Hardness measurements are important because the 
toxicity of metals (and the associated water quality objectives) decreases as hardness increases.  
Chloride comprises a large proportion of the TDS.  High levels of chloride in Santa Clara River 
Reaches 3, 5, and 6 are causing impairment of listed beneficial uses for agricultural irrigation.  
Irrigation of salt sensitive crops, such as avocados and strawberries, with water containing 
elevated levels of chloride can result in reduced crop yields 
 
Results for concentrations of TSS, TDS, chloride, and hardness for the four datasets are listed in 
Tables 2-6 through 2-9.  Rather than measuring TDS, the USGS station has recorded specific 
conductance (that is, the extent to which the sample conducts an electric current), which is 
related to TDS concentration.  TDS concentration can be estimated as 0.55 to 0.9 times the 
specific conductance (Sawyer et al., 1994).   
 

Table 2-6: Average Concentrations of Selected Constituents from Newhall Ranch 
Tributary Stormwater Monitoring, March 2001 

Constituent 

Site A 
Mouth of 
Potrero 

Site B 
Mouth of  San 

Martinez 
Grande 

Site C 
Long Canyon 
Upstream of 
Onion Field 

Site D 
Mouth of 
Middle 
Canyon 

Site E 
Middle of 
Chiquito 

TSS (mg/L) 835 41,100 36,000 5,650 6,645 

TDS (mg/L) 7,380 2,825 190 160 205 

Hardness (mg/L as CaCO3) 2,225 1,205 147 59 107 

Chloride (mg/L) 870 125 3 3 11 
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Table 2-7: Newhall Ranch WRP Startup Wet Weather Water Quality Data for Selected 
General Constituents in the Santa Clara River, 2004 - 2006 

Constituent 
2-day Antecedent 
Rainfall (inches) 

Sample 
Site 

No. of 
Samples 

No. of 
Detects 

Minimum 
(mg/L) 

Maximum 
(mg/L) 

Average 
(mg/L) 

NR1 5 5 32 107 58 
0.1 – < 1.0 

NR3 5 5 32 235 112 TSS  

≥ 1.0 NR3 1 1 - - 43,360 

NR1 5 5 622 1,136 855 
0.1 – < 1.0 

NR3 5 5 698 2,020 1,076 TDS 

≥ 1.0 NR3 1 1 - - 2,100 

NR1 5 5 304 464 387 
0.1 – < 1.0 

NR3 5 5 352 670 475 
Hardness  
(mg/L as CaCO3) 

≥ 1.0 NR3 1 1 - - 832 

NR1 2 2 84 117 100 
0.1 – < 1.0 

NR3 2 2 89 121 105 Chloride 

≥ 1.0 NR3 1 1 46 46 46 

- = no or insufficient data 

 

Table 2-8: LACDPW Stormwater Monitoring for Selected General Constituents at the 
SCR Mass Emission Station (S29), 2002 -2007 

Constituent 
2-day Antecedent Rainfall 

(in) 
No. of 

Samples 
No. of 

Detects 
Minimum 

(mg/L) 
Maximum 

(mg/L) 
Average 
(mg/L) 

0.1 – < 1.0 11 11 135 2,202 845 
TSS  

≥ 1.0 8 8 53 6,591 1,635 

0.1 – < 1.0 11 11 174 732 458 
TDS  

≥ 1.0 8 8 28 364 216 

0.1 – < 1.0 11 11 90 428 249 
Hardness  

≥ 1.0 8 8 15 170 108 

0.1 – < 1.0 11 11 17 118 68 
Chloride  

≥ 1.0 8 8 3 52 24 
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Table 2-9: USGS Water Quality Data for Selected General Constituents in the Santa Clara 
River at the County Line, 1951 – 1995  

Constituent 
2-day Antecedent 
Rainfall (inches) 

No. of 
Samples No. of Detects Minimum Maximum Average 

0.1 – < 1.0 10 10 248 4,730 2,291 
TSS (mg/L) 

≥ 1.0 41 41 107 51,200 10,711 

0.1 – < 1.0 33 33 831 4,220 2,246 Specific 
Conductance 
(uS/cm) ≥ 1.0 42 42 637 3,240 1,309 

0.1 – < 1.0 27 27 270 1,500 773 
Hardness  (mg/L) 

≥ 1.0 37 37 250 1,200 546 

0.1 – < 1.0 34 34 21 290 122 
Chloride (mg/L) 

≥ 1.0 39 39 14 192 61 

 
TSS.  It is generally expected that TSS concentrations in alluvial streams can be greatly elevated 
during storm runoff because of the combination of high sediment supply and a high capacity for 
instream transport and erosion.  TSS concentrations in Tables 2-6 to 2-9 are sometimes very 
high, due to the highly erodible, easily transportable, sandy alluvial soils and sediments.  High 
TSS concentrations were measured at some of the tributary canyons (Table 2-6), and were also 
observed in the SCR (Table 2-8 and Table 2-9).  These later results show the capacity of high 
flows in the Santa Clara River for sediment transport and are consistent with other data showing 
that large rainfall events result in a “reset” of the main channel.  As concluded by Balance 
Hydrologics (2005), concepts of “normal” or “average” sediment-supply and flow conditions 
have limited value in this “flashy” environment, where episodic storm and wildfire events have 
enormous influence on sediment and storm flow conditions. In the  Santa Clara River, a large 
portion of sediment movement events can occur in a matter of hours or days.  
 
Average and maximum concentrations are much higher for the larger storms than the smaller 
storms.  The average TSS concentrations for the larger storms were greater at the lower SCR 
sites (NR-1, NR-3, USGS) than at the upstream LACDPW Mass Emission Station.  This may 
reflect the difference in sampling techniques (grab sample versus composite sample), and/or 
occasionally large inputs of TSS from tributaries, such as some of those draining through the 
NRSP area (Table 2-6).  It may also reflect a lower river bed gradient (and hence better settling 
characteristics) of the SCR near the LACDPW station.   
 
TDS.  Stormwater monitoring data collected in the NRSP tributaries (Table 2-6) show greatly 
differing TDS levels among the five monitoring stations.  Measured TDS concentrations were 
very high at Sites A and B, while TDS concentrations at the other three sites were low.  Elevated 
TDS levels in runoff at Site A and B are likely a result of the natural soil properties of the marine 
layers of the Pico formation, and the high groundwater table conditions in these two canyons, 
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suggesting that groundwater discharges to the channels contributed to the elevated TDS levels.   
These greatly differing dissolved solid (TDS) concentrations are also reflected in some of the 
components that make up the TDS (chloride and hardness) as described below.   
 
Average concentration of TDS in the Santa Clara River were moderate to high, ranging from 216 
mg/L to 2,100 mg/L.  The Basin Plan objective for TDS in Santa Clara River Reach 5 is 1,000 
mg/L.  Using an estimate of 0.64 times the specific conductance for the USGS data, the TDS 
concentrations at this station averaged around 1,400 mg/L for storm flows.  Much higher average 
concentrations were observed at the three downstream SCR stations (NR-1, NR-3, USGS) 
compared with the upstream LACDPW station, and this could be due to their location 
downstream of Potrero Canyon and San Martinez Grande Canyon (Sites A and B), with their 
much higher TDS content.   
 
Hardness.  Hardness is a measure of the multivalent metallic cations in water, principally 
calcium, magnesium, strontium, iron, and manganese (Sawyer et al., 1994).  These cations are 
capable of reacting with soap to form precipitates and with certain anions to form scale.  The 
hardness in water is derived largely from contact with soil and rock formations, and affects the 
CTR values for certain metals as discussed above.  Waters with a hardness concentration from 
150 mg/L to 300 mg/L as CaCO3 are considered hard; waters with a hardness concentration 
above 300 mg/L as CaCO3 are considered very hard. 
 
The stormwater monitoring data for hardness were analogous to the data for TDS.  Hardness 
concentrations were very high at the tributary Sites A and B, and low to moderate at the other 
three tributary sites.  High hardness at Sites A and B are likely due to natural high levels of 
calcium and magnesium in the local soils (such as lime and gypsum deposits), and the high 
groundwater table conditions in these two canyons, suggesting again that groundwater discharges 
contributed to the elevated hardness levels.  
 
In the SCR, average hardness values were greater downstream (NR3, NR1, USGS sites – Tables 
2-7 and 2-9) than at the LACDPW station (Table 2-8).  This is most likely due to the influence of 
tributary inflows of high hardness waters (such as measured at Sites A and B – Table 2-5), other 
groundwater inputs, and agricultural return flows that enter the Santa Clara River between these 
stations.  However, the magnitude of hardness concentrations was somewhat inconsistent, with 
the USGS station (Table 2-9) showing higher average hardness concentrations than those 
measured at NR-1 and NR-3 (Table 2-7) in the smaller storms, but the opposite in the larger 
storms.   
 
Except for at NR1 and NR3, the average hardness concentration decreased with larger antecedent 
rainfall depth, as was found for TDS concentrations.      
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Chloride.  Similar to TDS and hardness, monitoring data collected in the NRSP tributaries 
(Table 2-6) found very high chloride concentrations at Site A, high levels at Site B, and low 
concentrations at the remaining three sites. 
 
As with the other dissolved ionic parameters (TDS and hardness), the average chloride 
concentrations at the LACDPW station (Table 2-8) were lower than those measured at 
downstream sites (NR1, NR3, USGS – Table 2-7 and 2-9).  As described previously, this is 
likely due to differences in salt content of local soils. 
 
Overall, the average chloride concentrations during recent stormwater monitoring were highly 
variable and ranged between 3 mg/L and 125 mg/L, with the exception of the very high chloride 
concentrations detected at the mouth of Potrero Canyon (Site A).  Average chloride 
concentration at the USGS station was about 61 mg/L for storm flows.  The average chloride 
concentration observed in the larger storms at all of the SCR stations were lower than the Basin 
Plan objective for chloride of 100 mg/L, while the average chloride concentrations in the smaller 
storms were above the Basin Plan objective at the downstream monitoring stations.   

Nutrients 

The major nutrients nitrogen and phosphorus are described here.  Phosphorus was measured as 
total phosphorus (TP) and sometimes as dissolved phosphorus.  Dissolved phosphorus is the 
more bioavailable form of phosphorus compared to TP, which is often made up of a high 
proportion of particulate phosphorus.  Nitrogen is measured variously as nitrate, nitrite, 
ammonia, and total Kjeldahl nitrogen (TKN).  TKN is the measure of ammonia plus the organic 
forms of nitrogen.   Nitrate, nitrite, and ammonia are the more bioavailable forms of nitrogen, 
and of these, nitrate (or nitrate + nitrite) has the higher concentration in natural waters and is 
more important than ammonia as a nutrient.  Tables 2-10 through 2-13 summarize available data 
for these nutrients.  Only nitrate was measured in the Newhall Ranch Tributary Stormwater 
Monitoring. 
 

Table 2-10: Average Concentrations of Nitrate from Newhall Ranch Tributary Stormwater 
Monitoring, March 2001  

Constituent 

Site A 
Mouth of 
Potrero 

Site B 
Mouth of  

San Martinez 
Grande 

Site C 
Long Canyon 
Upstream of 
Onion Field 

Site D 
Mouth of 
Middle 
Canyon 

Site E 
Middle of 
Chiquito 

Nitrate + Nitrite-N  
(mg/L) 17.5 3.0 1.6 15.3 2.8 
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Table 2-11: Newhall Ranch WRP Pre-Startup Wet Weather Water Quality Data for 
Selected Nutrients in the Santa Clara River, 2004 - 2006  

Constituent 

2-day 
Antecedent 

Rainfall (inches) 
Sample 

Site 
No. of 

Samples 
No. of 

Detects 
Minimum 

(mg/L) 
Maximum 

(mg/L) 
Average 
(mg/L) 

NR1 5 5 0.4 0.5 0.4 
0.1 – < 1.0 

NR3 5 5 0.3 0.7 0.4 Total Phosphorus 

≥ 1.0 NR3 1 1 13.4 13.4 13.4 

NR1 5 5 1.9 4.8 3.2 
0.1 – < 1.0 

NR3 5 5 2.3 3.7 3.0 Nitrate as N  

≥ 1.0 NR3 1 1 1.4 1.4 1.4 

NR1 5 0 <0.005 <0.005 - 
0.1 – < 1.0 

NR3 5 0 <0.005 <0.005 - Nitrite as N  

≥ 1.0 NR3 1 0 <0.005 <0.005 - 

NR1 5 4 <0.005 0.3 0.2 
0.1 – < 1.0 

NR3 5 5 0.02 0.1 0.1 Ammonia as N  

≥ 1.0 NR3 1 1 0.5 0.5 0.5 

NR1 5 4 <0.04 0.7 0.3 
0.1 – < 1.0 

NR3 5 4 <0.04 0.6 0.4 TKN as N  

≥ 1.0 NR3 1 1 46.0 46.0 46.0 

- = no or insufficient data 
 

Table 2-12: LACDPW Stormwater Monitoring of Selected Nutrients at the SCR Mass 
Emission Station (S29), 2002-2007 

Constituent 
2-day Antecedent 

Rainfall (in) 
No. of 

Samples 
No. of 

Detects 
Minimum 

(mg/L) 
Maximum 

(mg/L) 
Average 
(mg/L) 

0.1 – < 1.0 11 11 0.17 0.43 0.24 
Dissolved Phosphorus 

≥ 1.0 8 8 0.10 0.45 0.26 

0.1 – < 1.0 11 11 0.37 1.17 0.60 
Total Phosphorus 

≥ 1.0 8 8 0.18 0.84 0.42 

0.1 – < 1.0 11 9 0.50 1.85 1.15 
Nitrate-N 

≥ 1.0 8 6 0.50 1.36 0.80 

0.1 – < 1.0 11 4 <0.03 1.00 0.17 
Nitrite-N 

≥ 1.0 8 3 <0.03 0.87 0.18 

0.1 – < 1.0 11 5 <0.08 0.26 0.14 
Ammonia-N 

≥ 1.0 8 6 <0.08 1.09 0.29 
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Constituent 
2-day Antecedent 

Rainfall (in) 
No. of 

Samples 
No. of 

Detects 
Minimum 

(mg/L) 
Maximum 

(mg/L) 
Average 
(mg/L) 

0.1 – < 1.0 11 11 0.80 8.70 2.54 
TKN as N 

≥ 1.0 8 8 0.66 31.70 5.58 

 

Table 2-13: USGS Water Quality Data for Selected Nutrients in the Santa Clara River at 
the County Line, 1951 to 1995 

Constituent 
2-day Antecedent 
Rainfall (inches) 

No. of 
Samples 

No. of 
Detects 

Minimum 
(mg/L) 

Maximum 
(mg/L) 

Average 
(mg/L) 

0.1 – < 1.0 3 3 0.35 0.66 0.46 
Dissolved Phosphorus 

≥ 1.0 1 1 0.01 0.01 0.01 

0.1 – < 1.0 5 5 0.81 1.8 1.28 
Total Phosphorus 

≥ 1.0 2 2 0.63 1.4 1.02 

0.1 – < 1.0 3 3 0.03 0.39 0.16 
Ammonia as N 

≥ 1.0 0 0 - - - 

0.1 – < 1.0 7 7 0.87 4 2.1 
Nitrate + Nitrite as N 

≥ 1.0 4 4 1.2 2 1.7 

0.1 – < 1.0 1 1 0.64 0.64 0.64 
TKN as N  

≥ 1.0 1 1 0.69 0.69 0.69 

0.1 – < 1.0 2 2 0.6 2.2 1.4 
Total Nitrogen 

≥ 1.0 2 2 3.5 4.4 4.0 

      - = no or insufficient data 

 
Phosphorus.  Recent wet weather monitoring (LACDPW Mass Emission Station and Newhall 
Ranch WRP Startup Monitoring) showed somewhat consistent total phosphorus levels, of a 
magnitude of about 0.4 to 0.6 mg/L.  An exception was the large storm sample (>1.0 inch) 
collected at station NR-3, which measured 13.4 mg/L. This was likely due to the high 
concentration of total suspended solids measured during the same storm event, because total 
phosphorus is predominately found in the particulate-phase in stormwater runoff.  Historical 
average total phosphorus concentrations at the USGS station were somewhat higher than recent 
results at 1.0 to 1.3 mg/L and appeared to be somewhat independent of storm event size.     
 
Nitrogen.  Nitrate-nitrogen was the only nutrient measured in the NRSP tributary stormwater 
monitoring.  Measured nitrate-nitrogen concentrations in the tributary stormwater monitoring 
were generally low (less than 3 mg/L as N) at three of the sites, and were elevated at Sites A and 
D (17.5 mg/L and 15.3 mg/L, respectively). The numeric target for nitrate plus nitrite-nitrogen in 
the Santa Clara River Nitrogen Compounds TMDL is 4.5 mg/L (30-day average) based on 
achieving the Basin Plan water quality objective of 5 mg/L (note that nitrate-nitrogen is typically 
an order of magnitude greater than nitrite-nitrogen in natural waters, as nitrite is converted to 
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nitrate in aerobic conditions).  The Santa Clara River average nitrate-nitrogen concentrations 
were below this objective (0.8 mg/L to 3.2 mg/L). The average historical nitrate-N + nitrite-N 
concentrations at the USGS station were roughly similar, varying from 2.1 mg/L for lower storm 
flows to 1.7 mg/L for higher storm flows.  
 
Average ammonia concentrations were low and ranged from 0.1 to 0.5 mg/L. The ammonia 
water quality objectives in the Santa Clara River Nitrogen Compounds TMDL range from 3.4 
mg/L to 5.5 mg/L (one hour average) and 1.2 mg/L to 2.0 mg/L (30-day average). 
 
Average total Kjeldahl nitrogen (TKN) concentrations, which is the measure of ammonia plus 
the organic forms of nitrogen, generally ranged from 0.3 mg/L to 5.6 mg/L.  One exception was 
the concentration found in the large storm at NR-3, which measured 46 mg/L. As with total 
phosphorus, the organic forms of nitrogen in stormwater runoff are generally in the particulate-
phase, and this result correlated with the high levels of total phosphorus and suspended solids 
measured during this same event. 

Selected Metals, Pesticides, and Cyanide 

The heavy metals cadmium (Cd), copper (Cu), lead (Pb), and zinc (Zn) can be toxic at high 
concentrations.  Trace metals occur naturally in soils and sediments, and are present in urban 
runoff.  Aluminum is one of the more abundant elements in the earth’s crust.   The 
organophosphorus pesticides chlorpyrifos and diazinon are two pesticides of concern due to their 
potential toxicity in receiving waters and, in the past, have been frequently detected downstream 
from urban and agricultural land uses.  These pesticides are currently banned for residential use.  
Cyanide is a highly toxic substance and has a number of man-made and natural sources.   
 
Tables 2-14 through 2-17 summarize the data for these metals and pesticides in the tributaries 
and the Santa Clara River.  Cyanide was only measured at the LACDPW Mass Emission station.  
Available data for metals at the USGS station were very limited.  For copper and lead, there were 
a considerable number of non-detects with very high detection limits.  Therefore, comparison of 
the USGS data for copper, lead, and zinc with the recent monitoring information is considered 
inappropriate.  Metals data were not collected in the one large storm event sampled for the 
Newhall Ranch WRP pre-startup monitoring; thus summarized data for this station represent 
storms less than one inch in depth. 
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Table 2-14: Average Concentration of Heavy Metals from Newhall Ranch Tributary 
Stormwater Monitoring, March 2001  

Constituent 

Site A 
Mouth of 
Potrero 

Site B 
Mouth of  

San Martinez 
Grande 

Site C 
Long Canyon 
Upstream of 
Onion Field 

Site D 
Mouth of 
Middle 
Canyon 

Site E 
Middle of 
Chiquito 

Total Copper (µg/L) 15 175 170 10 70 

Total Lead (µg/L) 6.1 53.5 95.2 7.6 36.8 

Total Zinc (µg/L) 40 330 330 30 225 

Total Cadmium (µg/L) 0.3 11.2 2 0.4 1.9 

 

Table 2-15: Newhall Ranch WRP Pre-Startup Wet Weather Water Quality Data for 
Selected Metals and Pesticides in the Santa Clara River, 2004 - 2006  

Constituent 

2-day 
Antecedent 

Rainfall 
(inches) 

Sample 
Site 

No. of 
Samples 

No. of 
Detects 

Minimum
(µg/L) 

Maximum 
(µg/L) 

Average 
(µg/L) 

NR1 1 1 27 27 27 
Dissolved Aluminum  0.1 – < 1.0 

NR3 1 1 19 19 19 

NR1 1 1 740 740 740 
Total Aluminum 0.1 – < 1.0 

NR3 1 1 770 770 770 

NR1 1 1 4.6 4.6 4.6 
Dissolved Copper 0.1 – < 1.0 

NR3 1 1 3.6 3.6 3.6 

NR1 2 2 4.6 5.2 4.9 
Total Copper 0.1 – < 1.0 

NR3 2 2 4.8 7.0 5.9 

NR1 1 0 <0.07 <0.07 - 
Dissolved Lead 0.1 – < 1.0 

NR3 1 0 <0.07 <0.07 - 

NR1 2 2 0.6 1.3 1.0 
Total Lead 0.1 – < 1.0 

NR3 2 2 0.6 0.9 0.8 

NR1 1 1 12 12 12 
Dissolved Zinc 0.1 – < 1.0 

NR3 1 1 8.7 8.7 8.7 

NR1 2 2 13 22 18 
Total Zinc 0.1 – < 1.0 

NR3 2 2 12 18 15 

NR1 1 0 <0.01 <0.01 - 
Diazinon 0.1 – < 1.0 

NR3 1 0 <0.01 <0.01 - 

NR1 1 0 <0.6 <0.6 - 
Chlorpyrifos 0.1 – < 1.0 

NR3 1 0 <0.6 <0.6 - 

- = no or insufficient data 
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Table 2-16: LACDPW Stormwater Monitoring for Metals, Pesticides, and Cyanide at the 
SCR Mass Emission Station (S29), 2002-2007 

Constituent 
2-day Antecedent 
Rainfall (inches) 

No. of 
Samples 

No. of 
Detects 

Minimum
(µg/L) 

Maximum 
(µg/L) 

Average 
(µg/L) 

0.1 – < 1.0 11 3 <100 1390 894 
Dissolved Aluminum  

≥ 1.0 8 4 <100 3680 1086 

0.1 – < 1.0 11 11 450 18000 5040 
Total Aluminum 

≥ 1.0 8 8 131 19650 5672 

0.1 – < 1.0 11 11 3.32 10.60 5.80 
Dissolved Copper 

≥ 1.0 8 8 3.75 22.60 9.92 

0.1 – < 1.0 11 11 7.33 50.50 25.78 
Total Copper 

≥ 1.0 8 8 9.43 53.30 25.28 

0.1 – < 1.0 11 2 0.52 5.00 4.44 
Dissolved Lead 

≥ 1.0 8 5 0.44 12.50 3.32 

0.1 – < 1.0 11 11 1.41 17.40 5.91 
Total Lead 

≥ 1.0 8 8 1.14 39.80 17.12 

0.1 – < 1.0 11 9 3 27 12 
Dissolved Zinc 

≥ 1.0 8 8 12 37 26 

0.1 – < 1.0 11 11 11 118 54 
Total Zinc 

≥ 1.0 8 8 42 353 110 

0.1 – < 1.0 11 0 1.00 1.00 1.00 
Dissolved Cadmium 

≥ 1.0 8 1 0.74 1.00 0.94 

0.1 – < 1.0 11 6 0.27 1.00 0.77 
Total Cadmium 

≥ 1.0 8 6 0.25 1.27 0.78 

0.1 – < 1.0 11 0 <0.05 <0.05 - 
Chlorpyrifos 

≥ 1.0 8 0 <0.05 <0.05 - 

0.1 – < 1.0 11 3 <0.01 0.41 0.05 
Diazinon 

≥ 1.0 8 5 <0.01 0.43 0.10 

0.1 – < 1.0 11 3 <10 10 10 
Cyanide 

≥ 1.0 8 3 <10 590 200 

- = no or insufficient data 
 



 

30 

Table 2-17: USGS Water Quality Data for Selected Metals and Pesticides in the Santa 
Clara River at the County Line, 1951 to 1995   

Constituent 
2-day Antecedent 
Rainfall (inches) 

No. of 
Samples 

No. of 
Detects 

Minimum 
(mg/L) 

Maximum 
(mg/L) 

Average 
(mg/L) 

0.1 – < 1.0 4 0 - - - 
Dissolved Copper  

≥ 1.0 0 0 - - - 

0.1 – < 1.0 1 1 30 30 30 
Total Copper  

≥ 1.0 0 0 - - - 

0.1 – < 1.0 39 4 1 23 7.8 
Dissolved Lead  

≥ 1.0 4 0 - - - 

0.1 – < 1.0 3 0 - - - 
Total Lead  

≥ 1.0 1 0 - - - 

0.1 – < 1.0 4 1 10 10 10 
Dissolved Zinc  

≥ 1.0 0 0 - - - 

0.1 – < 1.0 1 1 150 150 150 
Total Zinc   

≥ 1.0 0 0 - - - 

0.1 – < 1.0 1 1 0.02 0.02 0.02 
Diazinon   

≥ 1.0 0 0 - - - 

- = no or insufficient data 
 
Metals.  Table 2-14 presents average total copper, lead, zinc, and cadmium concentrations 
measured in the NRSP tributary stormwater monitoring.  Total copper, lead, and zinc measured 
at tributary Sites B and C were much higher than the concentrations measured at Sites A and D. 
Concentrations at Site E fell in the middle of the measured range.  Elevated total metal 
concentrations are often associated with elevated TSS levels, although this trend is not evident in 
the tributary monitoring data.  The average total copper concentrations at Sites B, C, and E were 
greater than the CTR acute copper criterion.  The average total copper concentrations ranged 
from 10 µg/L to 175 µg/L; the CTR acute total copper criterion for a hardness concentration of 
greater than 400 mg/L is 52 µg/L.  The average total lead and total zinc concentrations in all the 
tributaries were below the CTR acute criteria.  The average total lead concentrations ranged from 
6.1 µg/L to 95 µg/L; the CTR acute total lead criterion for a hardness concentration of greater 
than 400 mg/L is 480 µg/L.  The average total zinc concentrations ranged from 30 µg/L to 330 
µg/L; the CTR acute total zinc criterion for a hardness concentration of greater than 400 mg/L is 
390 µg/L. 
 
Average concentrations of dissolved and total copper measured in the Santa Clara River (3.6 
µg/L to 9.9 µg/L, dissolved copper; 4.9 to 26 µg/L, total copper) were below the respective CTR 
acute criteria for the average hardness of 250 mg/L (32 µg/L, dissolved copper; 33 µg/L, total 
copper).  Average concentrations of dissolved and total lead measured in the Santa Clara River 
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(<0.07 µg/L to 4.4 µg/L, dissolved lead; 0.8 to 17 µg/L, total lead) were well below the 
respective CTR acute criteria for the average hardness of 250 mg/L (170 µg/L, dissolved lead; 
260 µg/L, total lead).  Average concentrations of dissolved and total zinc measured in the Santa 
Clara River (8.7 µg/L to 26 µg/L, dissolved zinc; 15 to 110 µg/L, total zinc) were all well below 
the respective CTR acute criteria for the average hardness of 250 mg/L (250 µg/L, dissolved 
zinc; 260 µg/L, total zinc). 
 
Average dissolved aluminum concentrations showed a very wide range in the Santa Clara River, 
ranging from a low of 19 µg/L dissolved aluminum measured in small storms at station NR3, to 
1,086 µg/L measured in large storms at the Los Angeles County mass emission station.  
Similarly, total aluminum ranged from a low of 740 µg/L dissolved aluminum measured in small 
storms at station NR1, to 5,672 µg/L measured in large storms at the Los Angeles County mass 
emission station.  The National Ambient Water Quality Criteria (NAWQC) acute criterion for 
aluminum is 750 µg/L for a pH range of 6.5 to 9.0; the CTR does not include an aluminum 
criterion. 
 
Pesticides. Chlorpyrifos was not detected in 19 samples taken at the County’s mass emission 
station, while diazinon was detected in 8 of 19 samples with an average concentration of 0.05 
µg/L in small storms and 0.10 µg/L in the larger storms.  Diazinon and chlorpyrifos were not 
detected further downstream in the SCR during Newhall Ranch WRP wet weather sampling, but 
were detected in the one wet weather sample in the historical USGS data.  The CTR acute 
criterion for diazinon is 0.17 µg/L.  The diazinon criterion derived by the California Department 
of Fish and Game is 0.08 µg/L (Marshack, 2003). 
 
Cyanide.  Cyanide was detected in six of 19 wet weather samples at the County’s mass emission 
station.  Concentrations of cyanide ranged from below 10 µg/L to 590 µg/L.  The CTR criterion 
for freshwater acute aquatic life protection for cyanide is 22 µg/L. 
 

Fecal Indicator Bacteria 

Pathogens such as viruses, bacteria, and protozoa that cause illness in humans are difficult to 
measure. Fecal indicator bacteria (FIB) such as total coliform, fecal coliform, and enterococci are 
commonly measured instead, and their presence indicates the presence of fecal contamination 
and the potential presence of associated pathogenic organisms.  However, it does not indicate the 
source of the contamination and there are numerous natural and anthropogenic sources of 
pathogen indicators.  Tables 2-18 through 2-21 summarize FIB data for the four datasets.   
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Table 2-18: Average Concentrations for Fecal Indicator Bacteria from Newhall Ranch 
Tributary Stormwater Monitoring, 2001  

Constituent 

Site A 
Mouth of 
Potrero 

Site B 
Mouth of  San 

Martinez 
Grande 

Site C 
Long Canyon 
Upstream of 
Onion Field 

Site D 
Mouth of 

Middle Canyon 

Site E 
Middle of 
Chiquito 

Total coliform 
(MPN/100ml) 40,000 >160,000 125,000 >50,000 >81,200 

Fecal coliform 
(MPN/100ml) 4,300 953 6,300 >81,200 81,200 

 

Table 2-19: Newhall Ranch WRP Startup Wet Weather Water Quality Data for Fecal 
Indicator Bacteria in the Santa Clara River, 2004 - 2006 

Constituent 

2-day 
Antecedent 

Rainfall (inches) 
Sample 

Site 
No. of 

Samples 
No. of 

Detects Minimum Maximum Average 

NR1 5 4 <1 900 87 
0.1 – < 1.0 

NR3 5 4 <1 5,000 258 Fecal coliform 
(MPN/100mL) 

≥ 1.0 NR3 1 1 ≥1,600 ≥1,600 ≥1,600 

NR1 5 4 <1 1,600 284 
0.1 – < 1.0 

NR3 5 4 <1 13,000 549 Total coliform 
(MPN/100mL) 

≥ 1.0 NR3 1 1 ≥1,600 ≥1,600 ≥1,600 

 

Table 2-20: LACDPW Stormwater Monitoring for Fecal Indicator Bacteria at the SCR 
Mass Emission Station, 2002-2007 

Constituent 
2-day Antecedent Rainfall 

(inches) 
No. of 

Samples 
No. of 

Detects Minimum Maximum Average 

0.1 – < 1.0 11 11 17,000 1,600,000 115,590 Total coliform 
(MPN/100mL) ≥ 1.0 8 8 50,000 500,000 246,812 

0.1 – < 1.0 11 11 230 300,000 7,332 Fecal coliform 
(MPN/100mL) ≥ 1.0 8 8 9,000 300,000 65,275 

0.1 – < 1.0 11 11 800 300,000 17,907 Fecal 
Enterococci 
(MPN/100mL) ≥ 1.0 8 8 17,000 500,000 90,150 
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Table 2-21: USGS Water Quality Data for Fecal Indicator Bacteria in the Santa Clara 
River at the County Line, 1951 - 1995 

Constituent 
2-day Antecedent Rainfall 

(inches) 
No. of 

Samples 
No. of 

Detects Minimum Maximum Average 

0.1 – < 1.0 3 3 80 720 427 Fecal coliform  
(CFU/100mL) ≥ 1.0 1 1 - - 2,700 

  - = no or insufficient data 
 

Concentrations of total and fecal coliform bacteria in wet weather flows at all tributary 
monitoring stations, the Newhall Ranch WRP stations, and the County’s mass emission station 
were highly variable and sometimes very high, consistent with other stormwater data throughout 
the region.  Fecal coliform concentrations ranged from <1 Most Probable Number per 100 
milliliters (MPN/100 mL) to 300,000 MPN/100 mL.  Average bacteria concentrations at the 
lower stations were significantly lower, but still elevated, more so during larger storms.  In 
waters designated for water contact recreation (REC-1), the Basin Plan objective for fecal 
coliform is a log mean of 200/100 mL (based on a minimum of not less than 10 percent of total 
samples during any 30-day period), nor shall more 10 percent of the total number of samples 
during any 30-day period exceed 400/100 mL. 

Summary 

Tables 2-22 and 2-23 summarize the average values from wet weather monitoring data for all 
monitoring locations. 
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Table 2-22: Average Wet Weather Monitoring Data for 2-Day Antecedent Rainfall of 0.1 to 1.0 
inches 

LACDPW 
Mass 

Emission 
Station NRSP Area Tributary Monitoring 

Newhall Ranch 
WRP Startup 
Monitoring 

USGS Wet 
Weather 

Monitoring 

Constituent S29 Site A Site B Site C Site D Site E NR1 NR3 USGS 
General and Conventional Parameters 

TSS (mg/L) 845 835 41,100 36,000 5,650 6,645 58 112 2,291 

TDS  (mg/L) 458 7,380 2,825 190 160 205 855 1,076 1,4371 

Hardness (mg/L) 249 2,225 1,205 147 59 107 387 475 773 

Chloride (mg/L) 68 870 125 3 3 11 100 105 122 

Nutrients 

Total P (mg/L) 0.60 - - - - - 0.4 0.4 1.3 

Nitrate-N (mg/L) 1.2 182 3.02 1.62 15.32 2.82 3.2 3.0 2.12 

Nitrite-N (mg/L) 0.17 - - - - - <0.005 <0.005 - 

Ammonia-N (mg/L) 0.14 - - - - - 0.2 0.1 0.16 

TKN (mg/L) 2.5 - - - - - 0.3 0.4 0.64 

Metals and Pesticides 
Dissolved copper 
(µg/L) 5.8 - - - - - 4.6 3.6 - 

Total Copper (µg/L) 26 15 175 170 10 70 4.9 5.9 30 
Dissolved Lead 
(µg/L) 4.4 - - - - - <0.07 <0.07 7.8 

Total Lead (µg/L) 5.9 6.1 54 95 7.6 37 1 0.8 - 
Dissolved Zinc 
(µg/L) 12 - - - - - 12 8.7 10 

Total Zinc (µg/L) 54 40 330 330 30 225 18 15 150 
Dissolved Aluminum 
(µg/L) 894 - - - - - 27 19 - 

Total Aluminum 
(µg/L) 5,040 - - - - - 740 770 - 

Diazinon (µg/L) 0.05 - - - - - <0.01 <0.01 0.02 

Chlorpyrifos (µg/L) <0.05 - - - - - <0.6 <0.6 - 

Cyanide (mg/L) <0.01 - - - - - - - - 

Indicator Bacteria 
Fecal coliform 
(MPN/100mL) 7,332 4300 953 6300 >81200 81200 87 258 4273 

Total coliform 
(MPN/100mL) 115,590 40000 >1.6E5 125000 >50000 >81200 284 549 - 

1 Derived from Specific Conductance, 2 Nitrate + Nitrite-N, 3CFU/100ml, - = no or insufficient data 
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Table 2-23: Summary of Average Wet Weather Monitoring Data for 2-Day Antecedent 
Rainfall of > 1 inch. 

LACDPW SCR Mass 
Emission Station 

Newhall Ranch WRP 
Startup Monitoring 

USGS Wet Weather 
Monitoring 

Constituent S29 NR3 11108500 
General and Conventional Parameters 

TSS (mg/L) 1,635 43,360 10,711 

TDS (mg/L) 216 2,100 8381 

Hardness (mg/L) 108 832 546 

Chloride (mg/L) 24 46 61 

Nutrients 

Total P (mg/L) 0.42 13 1.0 

Nitrate-N (mg/L) 0.80 1.4 

Nitrite-N (mg/L) 0.18 ND 
1.72 

Ammonia-N (mg/L) 0.29 0.5 - 

TKN (mg/L) 5.6 46 0.69 

Metals and Pesticides 

Dissolved Copper (µg/L) 9.9 - - 

Total Copper (µg/L) 26 - - 

Dissolved Lead (µg/L) 3.3 - - 

Total Lead (µg/L) 17 - - 

Dissolved Zinc (µg/L) 26 - - 

Total Zinc (µg/L) 110 - - 
Dissolved Aluminum 
(µg/L) 1,086 - - 

Total Aluminum (µg/L) 5,672 - - 

Diazinon (µg/L) 0.10 <0.01 - 

Chlorpyrifos (µg/L) <0.05 <0.6 - 

Cyanide (µg/L) 200 - - 

Indicator Bacteria 
Fecal coliform  
(MPN/100 mL) 65,275 >1,600 2,7003 

Total coliform  
(MPN/100 mL) 246,812 >1,600 - 

1 Derived from Specific Conductance, 2 Nitrate + Nitrite-N, 3CFU/100ml, - = no or insufficient data 
 



 

36 

2.6.2 Dry Weather Water Quality Monitoring 

Dry season base flows in the SCR through the NRSP area are perennial.  Dry season base flows 
may include contributions from natural groundwater flows; however, discharges from the 
upstream Saugus and Valencia WRPs contribute the majority of base flow.  Discharges from the 
WRPs during dry weather conditions are a source of impairing pollutants in downstream reaches, 
including chloride, TDS, and nitrogen compounds.   
 
Dry weather water quality monitoring data in the SCR are available from three sources:   
 

• LACDPW sampling at the SCR mass emission station 

• USGS Water Quality Monitoring 

• Newhall Ranch WRP pre-startup monitoring 

 
These sites were described above under Wet Weather Monitoring (Section 2.3.1).  The 
LACDPW station is in the SCR at The Old Road, above the NRSP area, while the Newhall 
Ranch WRP pre-startup monitoring stations are at the western boundary and downstream of the 
NRSP area.  The USGS station is also below the NRSP area, and provides a historical 
perspective from samples collected between 1951 and 1995. 
 

General Constituents 

Tables 2-24 through 2-26 summarize the available dry weather monitoring data for TSS, 
hardness, TDS, and chloride. 
 

Table 2-24: LACDPW Dry Weather Monitoring for Selected General Constituents at the 
SCR Mass Emission Station (S29), 2002-2007 

Constituent 
No. of 

Samples 
No. of 

Detects 
Minimum 

(mg/L) 
Maximum 

(mg/L) 
Average 
(mg/L) 

TSS  10 10 2 1,320 200 

Hardness 10 10 330 510 420 

TDS 10 10 696 942 812 

Chloride 10 10 47 140 115 
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Table 2-25: Newhall Ranch WRP Pre-Startup Dry Weather Monitoring for Selected 
General Constituents in the SCR, 2004-2006  

Constituent  Sample Site 
No. of 

Samples 
No. of 

Detects 
Minimum 

(mg/L) 
Maximum 

(mg/L) 
Average 
(mg/L) 

NR1 49 48 <1 342 66 
TSS  

NR3 49 48 <1 676 128 

NR1 49 49 258 568 388 
Hardness 

NR3 49 49 324 684 458 

NR1 49 49 504 1160 845 
TDS 

NR3 49 49 576 1396 936 

NR1 24 24 66 145 120 
Chloride 

NR3 24 24 50 157 124 

 

Table 2-26: USGS Dry Weather Water Quality Monitoring Data for Selected General 
Constituents in the SCR at the County Line, 1951-1995 

Constituent 
No. of 

Samples 
No. of 

Detects Minimum Maximum Average 

TSS (mg/L) 73 73 7 5,980 349 

Hardness (mg/L) 220 220 42 2,400 881 

Specific Conductance (uS/cm) 383 383 925 7,620 2,408 

TDS (mg/L) - - 5921 4,8761 1,5411 

Chloride (mg/L) 355 355 30 585 140 
1Derived from Specific Conductance 
 
TSS.  Relatively high average TSS concentrations were observed, especially the historical data 
from USGS station, which may have included samples taken during times of higher erosion or 
larger dry weather flows. Average dry weather flow TSS concentrations observed by the 
Newhall Ranch WRP pre-startup monitoring were similar to those observed for small storms in 
wet weather monitoring. Average concentrations of TSS appeared higher at the upstream DPW 
mass emission station than at the downstream Newhall Ranch WRP pre-startup sites. Differences 
may be due to physical factors such as channel substrate material, local flow regime, and 
tributary influences. 
 
Hardness, TDS and Chloride.  The average concentrations of hardness, TDS, and chloride 
were more similar between the County’s mass emission station and Newhall Ranch WRP 
monitoring locations.  However, the USGS County Line station historically recorded higher 
averages (approximately double) than the baseline data observed at the County’s mass emission 
station and Newhall Ranch WRP monitoring locations.  The baseline data suggests that the water 
flowing in the Santa Clara River in the proposed Project area during dry weather is very hard 
with high levels of other dissolved salts, including chloride. The average concentrations of TDS 
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in the baseline data ranged from 812 mg/L to 936 mg/L, below the Basin Plan objective for TDS 
in Santa Clara River Reach 5 (1,000 mg/L). Average chloride concentrations in dry weather 
flows ranged from 115 mg/L to 124 mg/L, above the Basin Plan objective of 100 mg/L. 

Nutrients 

Tables 2-27 through 2-29 summarize the available dry weather monitoring data for selected 
nutrients.   
 

Table 2-27: LACDPW Dry Weather Monitoring of Selected Nutrients at the SCR Mass 
Emission Station (S29), 2002-2007 

Constituent 
No. of 

Samples 
No. of 

Detects 
Minimum 

(mg/L) 
Maximum 

(mg/L) 
Average 
(mg/L) 

Dissolved phosphorus  10 10 0.05 0.30 0.18 

Total phosphorus 10 10 0.10 0.67 0.26 

Nitrate-N  10 9 <0.50 1.7 1.2 

Nitrite-N  10 2 <0.03 0.6 0.1 

Ammonia-N  10 2 <0.10 0.8 0.1 

TKN  10 10 0.3 1.3 0.6 

 

Table 2-28: Newhall Ranch WRP Pre-Startup Dry Weather Monitoring for Selected 
Nutrients in the SCR, 2004-2006 

Constituent  
Sample 

Site 
No. of 

Samples 
No. of 

Detects 
Minimum 

(mg/L) 
Maximum 

(mg/L) 
Average 
(mg/L) 

NR1 49 49 0.1 1.1 0.5 
Total phosphorus  

NR3 49 48 <0.008 0.8 0.5 

NR1 49 49 1.0 4.9 2.8 
Nitrate-N 

NR3 49 49 1.1 5.1 2.9 

NR1 49 6 <0.005 0.2 0.02 
Nitrite-N  

NR3 49 5 <0.005 0.2 0.02 

NR1 49 34 <0.005 0.4 0.1 
Ammonia-N 

NR3 49 39 <0.005 0.4 0.1 

NR1 49 47 <0.04 1.0 0.4 
TKN 

NR3 49 48 <0.04 1.3 0.5 
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Table 2-29: USGS Dry Weather Water Quality Monitoring Data for Selected Nutrients in 
the Santa Clara River at the County Line, 1951 - 1995 

Constituent  
No. of 

Samples 
No. of 

Detects 
Minimum 

(mg/L) 
Maximum 

(mg/L) 
Average 
(mg/L) 

Dissolved phosphorus 48 48 0.12 2.4 1 

Total phosphorus 64 64 0.23 5.9 1.13 

Ammonia as N 41 41 0.01 0.62 0.18 

Nitrate + Nitrite as N  47 47 1.8 7.5 4 

TKN as N 20 20 0.08 1.3 0.83 

Total Nitrogen  33 33 0.5 15 3.7 

 
Phosphorus and Nitrogen.  The average concentrations for total phosphorus and nitrate in dry 
weather flows increased downstream, while ammonia and TKN concentrations were relatively 
consistent from upstream to downstream. All average nutrient concentrations were higher in the 
historical dataset.  Nutrient concentrations measured in dry weathers flows reflect the influence 
of the Saugus and Valencia WRPs.  Lower average concentrations in the Newhall WRP startup 
monitoring compared with the data at the USGS gauge could be due to historically greater WRP 
nutrient discharge concentrations and/or less responsible use of fertilizers.  Higher historic TKN 
concentrations could also be attributed to higher TSS concentrations, and hence particulate 
nutrients, observed at this site.     

Metals and Pesticides 

Tables 2-30 through 2-32 summarize the available dry weather monitoring data for selected 
metals and pesticides.   
 

Table 2-30: LACDPW Dry Weather Monitoring for Metals, Pesticides, and Cyanide at the 
SCR Mass Emission Station (S29), 2002-2007 

Constituent 
No. of 

Samples 
No. of 

Detects 
Minimum 

(µg/L) 
Maximum 

(µg/L) 
Average 
(µg/L) 

Dissolved copper  10 10 1.9 3.8 2.9 

Total copper  10 10 6.0 33.5 15.2 

Dissolved lead  10 0 <5.00 <5.00 - 

Total lead  10 10 0.6 8.2 1.8 

Dissolved zinc  10 7 <1.00 26.0 6.4 

Total zinc  10 8 <5.00 52.2 20.7 

Dissolved cadmium  10 2 <1.00 41.0 5.3 

Total cadmium  10 3 0.29 72.0 8.3 

Dissolved aluminum 10 0 <100 <100 - 



 

40 

Constituent 
No. of 

Samples 
No. of 

Detects 
Minimum 

(µg/L) 
Maximum 

(µg/L) 
Average 
(µg/L) 

Total aluminum 10 3 <100 7,500 845 

Chlorpyrifos  10 0 <0.05 <0.05 - 

Diazinon  10 1 <0.05 0.02 0.01 

Cyanide  10 0 <10 <10 - 

   - = no or insufficient data 
 

Table 2-31: Newhall Ranch WRP Pre-Startup Dry Weather Monitoring for Metals and 
Pesticides in the SCR, 2004-2006 

Constituent  
Sample 

Site 
No. of 

Samples 
No. of 

Detects 
Minimum 

(µg/L) 
Maximum 

(µg/L) 
Average 
(µg/L) 

NR1 10 10 3.2 4.8 4 
Dissolved copper  

NR3 10 10 3 5.2 4.2 

NR1 21 21 2.3 11 5 
Total copper  

NR3 21 21 2.6 15 6.5 

NR1 10 5 <0.07 0.7 0.2 
Dissolved lead  

NR3 10 6 <0.07 0.6 0.2 

NR1 21 18 <0.07 4.6 0.9 
Total lead  

NR3 21 18 <0.07 5.8 1.4 

NR1 10 10 7.8 14 11 
Dissolved zinc  

NR3 10 10 6.2 16 10.7 

NR1 21 21 8.5 30 15.4 
Total zinc  

NR3 21 21 7.8 51 19.5 

NR1 4 4 21 290 170 
Dissolved aluminum 

NR3 4 4 14 750 289 

NR1 4 4 240 2,100 1,018 
Total aluminum  

NR3 4 4 330 3,300 1,685 

NR1 21 0 <0.01 <0.01 - 
Diazinon 

NR3 21 0 <0.01 <0.01 - 
     - = no or insufficient data 
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Table 2-32: USGS Dry Weather Water Quality Monitoring Data for Metals and Pesticides 
in the Santa Clara River at the County Line, 1951-1995 

Constituent  
No. of 

Samples 
No. of 

Detects 
Minimum 

(µg/L) 
Maximum 

(µg/L) 
Average 
(µg/L) 

Dissolved copper (ug/L) 40 13 1 5 1.8 

Total copper (ug/L) 12 6 10 40 20 

Dissolved lead (ug/L) 39 4 1 23 7.8 

Total lead (ug/L) 30 0 - - - 

Dissolved Zinc (ug/L) 39 29 5 50 15.8 

Total zinc (ug/L) 12 12 20 110 45 

Diazinon (ug/L) 6 4 0.01 0.05 0.03 
     - = no or insufficient data 
 
Metals.  Concentrations of heavy metals in dry weather flows were generally low and, for the 
most part, reasonably similar. Total metal concentrations are related to TSS concentrations, and 
this is reflected in the difference between the historical data collected at the USGS site with 
higher TSS and the more recent data with lower TSS. Average dissolved copper concentrations 
were fairly similar and ranged from 1.8 to 4.2 µg/L. Average dissolved zinc concentrations were 
also fairly similar and ranged from 6.4 to 15.8 µg/L. Dissolved lead concentrations were slightly 
higher for the historical than the more recent datasets, and this is likely due to the widespread use 
of leaded gasoline prior to 1995.  
Average concentrations of dissolved and total copper measured dry weather flows in the baseline 
data (2.9 µg/L to 4.2 µg/L, dissolved copper; 5 to 15.2 µg/L, total copper) were below the 
respective CTR chronic criteria for a hardness greater than 400 mg/L (29 µg/L, dissolved copper; 
30 µg/L, total copper). Average concentrations of dissolved and total lead measured in dry 
weather flows (0.2 µg/L to 7.8 µg/L, dissolved lead; 0.9 to 1.8 µg/L, total lead) were well below 
the respective CTR chronic criteria for a hardness greater than 400 mg/L (11 µg/L, dissolved 
lead; 19 µg/L, total lead). Average concentrations of dissolved and total zinc measured in dry 
weather flows (6.4 µg/L to 11 µg/L, dissolved zinc; 15.4 to 20.7 µg/L, total zinc) were all well 
below the respective CTR chronic criteria for a hardness greater than 400 mg/L (380 µg/L, 
dissolved zinc; 390 µg/L, total zinc). 
 
Aluminum concentrations were only measured at the Newhall Ranch WRP Startup Monitoring 
stations. Average dissolved aluminum concentrations in the dry weather flows ranged from 170 
µg/L to 289 µg/L. Total aluminum ranged from 845 µg/L to 1,685 µg/L. The National Ambient 
Water Quality Criteria (NAWQC) acute criterion for acid soluble aluminum is 750 µg/L for a pH 
range of 6.5 to 9.0; the CTR does not include an aluminum criterion.   
 
Pesticides.  Diazinon was detected at the upstream LACDPW site and historically at the USGS 
site in dry weather flows. The more extensive data set collected at NR-1 and NR-3 did not detect 
diazinon and this may be due to its recent phase-out by EPA for residential uses. 
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Cyanide. Cyanide was measured but not detected in dry weather flows at the LACDPW mass 
emission station. 

Fecal Indicator Bacteria 

Tables 2-33 through 2-35 summarize the available dry weather monitoring data for fecal 
indicator bacteria (FIB).   

Table 2-33: LACDPW Dry Weather Monitoring at the SCR Mass Emission Station (S29), 
2002-2007 

Constituent 
No. of 

Samples 
No. of 

Detects Minimum Maximum Average 

Total coliform (MPN/100mL) 10 10 130 50,000 3,626 

Fecal coliform (MPN/100mL) 10 10 20 5,000 165 

Enterococci (MPN/100mL) 10 9 <20 1,300 218 

 

Table 2-34: Newhall Ranch WRP Pre-Startup Dry Weather Monitoring for Indicator 
Bacteria in the SCR, 2004 - 2006 

Constituent  
Sample 

Site 
No. of 

Samples 
No. of 

Detects Minimum Maximum Average 

NR1 49 49 23 24,000 961 Total coliform 
(MPN/100mL) NR3 49 49 23 24,000 1,207 

NR1 49 49 23 2,300 209 Fecal coliform 
(CFU/100mL) NR3 49 49 23 3,000 213 

 

Table 2-35: USGS Dry Weather Water Quality Monitoring Data for Indicator Bacteria in 
the Santa Clara River at the County Line, 1951-1995 

Constituent  
No. of 

Samples 
No. of 

Detects Minimum Maximum Average 

Fecal coliform (CFU/100mL) 46 46 25 980 250 

 
The concentrations of indicator bacteria indicated highly variable but generally elevated fecal 
indicator bacteria concentrations in dry weather flows.  The observed data were above the REC-1 
Basin Plan objective for fecal coliform (log mean of 200/100 mL (based on a minimum of not 
less than 10 percent of total samples during any 30-day period), nor shall more than 10 percent of 
the total number of samples during any 30-day period exceed 400/100 mL). 
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Summary 

Table 2-36 summarizes the dry weather monitoring data available for the Santa Clara River in 
the NRSP area. 

Table 2-36: Summary of Average Dry Weather Monitoring Data in the Santa Clara River 
SCR Mass 

Emission Station 
USGS Dry Weather 

Monitoring 
Newhall Ranch WRP Startup 

Monitoring 
Constituent S29 11108500 NR1 NR3 

General and Conventional Parameters 

TSS (mg/L) 200 349 66 128 

Hardness (mg/L) 420 881 388 458 

TDS (mg/L) 812 15411 845 936 

Chloride (mg/L) 115 140 120 124 

Nutrients 

Total P (mg/L) 0.26 1.13 0.5 0.5 

Nitrate-N (mg/L) 1.2 42 2.8 2.9 

Nitrite-N (mg/L) 0.1 - 0.02 0.02 

Ammonia-N (mg/L) 0.1 0.18 0.1 0.1 

TKN (mg/L) 0.6 0.83 0.4 0.5 

Metals and Pesticides 

Dissolved copper (µg/L) 2.9 1.8 4 4.2 

Total copper (µg/L) 15.2 20 5 6.5 

Dissolved lead(µg/L) <5.0 7.8 0.2 0.2 

Total lead (µg/L) 1.8 ND 0.9 1.4 

Dissolved zinc (µg/L) 6.4 15.8 11 10.7 

Total zinc (µg/L) 20.7 45 15.4 19.5 

Dissolved aluminum (µg/L) - - 170 289 

Total aluminum (µg/L) 845 - 1018 1685 

Diazinon (µg/L) 0.01 0.03 <0.01 <0.01 

Chlorpyrifos (µg/L) <0.05 - - - 

Cyanide (mg/L) <0.01 - - - 

Indicator Bacteria 
Fecal coliform  
(MPN/100 mL) 165 2501 209 213 

Total coliform  
(MPN/100 mL) 3,626 - 961 1207 

1CFU/100mL, - = no or insufficient data   
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2.7 Groundwater 

2.7.1 Groundwater Beneficial Uses 

The Project area is within the Basin Plan’s Castaic Valley and Saugus Aquifer subbasin of the 
Santa Clarita Valley Groundwater Basin, East Subbasin.  Beneficial uses for groundwaters for 
this subbasin are shown in Table 2-37. 

Table 2-37: Beneficial Uses of Groundwaters 
Groundwater Basin MUN 

DWR 4.07 - Eastern Santa Clara Sub-basin: Castaic Valley and Saugus Aquifer E 

E-Existing Beneficial Use 
MUN:  Community, military, or individual water supply systems including, but not limited to, drinking water supply 
Source:  Water Quality Control Plan for the Los Angeles Region (Basin Plan) (LARWQCB, 1994 as amended) 
 
2.7.2 Existing Groundwater Quality 

The Project area lies at the western end of the upper Santa Clara River hydrologic area, as 
defined by the California Department of Water Resources (DWR).  The Santa Clara River Valley 
East Groundwater Subbasin lies within this hydrologic area and is the source of essentially all 
local groundwater used for water supply in the Santa Clarita Valley.  The local groundwater 
supplies are obtained from relatively young surficial alluvial deposits and from an older geologic 
unit (the Saugus Formation) that underlies the alluvium and adjoining areas.  The alluvium and 
the Saugus Formation are underlain by bedrock units consisting of the Pico Formation in the 
Project area and other geologic units in the eastern and northern portions of the Santa Clarita 
Valley.  These deep bedrock units yield little water and are not considered viable for 
groundwater development. 
 
The alluvial sediments lie within the portion of the Valley occupied by the Santa Clara River and 
also are present in side canyons that contain tributaries to the River.  The alluvium consists of 
extensively interlayered and interfingered mixtures of gravel and sand, with variable amounts of 
cobbles and boulders and minor amounts of silt and clay.  Due to the unconsolidated to poorly 
consolidated condition of the alluvium, and its lack of cementation, the alluvium has relatively 
high permeability and porosity.  The groundwater flow direction in the Alluvial aquifer follows 
the topography of the Valley and its tributaries.  Groundwater recharge occurs in the eastern, 
northern, and southern portions of the Valley.  Natural mechanisms for groundwater discharge 
occur at the west end of the Valley and consist of discharge to the Santa Clara River, subsurface 
outflow beneath the River, and evapotranspiration by deep-rooted vegetation. 
 
The Saugus Formation is present beneath the Project and most of the Santa Clarita Valley area 
east of the NRSP area.  The upper subunits of the Saugus Formation consist of terrestrial 
sediments deposited in stream channels, floodplains, and alluvial fans by ancestral drainage 
systems.  The upper subunits are a source of groundwater supply in the Santa Clarita Valley 
because of their productive nature and their good water quality.  Deeper subunits of the Saugus 
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Formation were deposited in a marine environment and are subsequently not used for water 
supplies because of their brackish water quality and fine-grained, low-permeability nature.  
 
Faulting and folding of the Saugus Formation and the underlying bedrock units have created a 
bowl-shaped structure beneath the Santa Clarita Valley.  The Saugus Formation and underlying 
bedrock generally dip downwards from the periphery of the Valley towards the deepest portion 
of the "bowl" beneath the central portion of the Valley.  The thickness of the Saugus Formation 
also is controlled by the San Gabriel fault, which is present in the eastern and northern portions 
of the Valley. Because of its structure and its connection with the overlying Alluvial aquifer, 
groundwater flow in the Saugus Formation is generally towards the center of the bowl and also 
towards the western portion of the Santa Clara River. Like the Alluvial aquifer, the Saugus 
Formation is recharged in the eastern and other peripheral portions of the Santa Clarita Valley.   
Groundwater discharge from the Saugus Formation occurs at the west end of the Valley in the 
form of groundwater discharge into the overlying Alluvial aquifer, which in turn discharges to 
the River in the western end of the Valley. 
 
Alluvium. In terms of the aquifer system, there is no convenient long-term record of water 
quality (i.e., water quality data in one or more single wells that spans several decades and 
continues to the present).  Thus, in order to examine a long-term record of water quality in the 
alluvium, individual records have been integrated from several wells completed in the same 
aquifer materials and in close proximity to each other to examine historical trends in general 
mineral groundwater quality throughout the basin (Luhdorff & Scalmanini, 2005).  Based on 
these records of groundwater quality, wells within the alluvium have experienced historical 
fluctuations in general mineral content, as indicated by electrical conductivity (EC), which 
correlates with fluctuations of individual constituents that contribute to EC.  However, the 
historic water quality data indicates that, on a long-term basis, there has not been a notable trend 
and, specifically, there has not been a decline in water quality within the alluvium. 
 
Specific conductance within the alluvium exhibits a westward gradient, corresponding with the 
direction of groundwater flow in the alluvium.  EC is lowest in the easternmost portion of the 
basin, and highest in the west, and generally exhibits an inverse correlation with precipitation 
and streamflow, with a stronger correlation in the easternmost portion of the basin where 
groundwater levels fluctuate the most.  Wet periods have produced substantial recharge of higher 
quality (low EC) water, and dry periods have resulted in declines in groundwater levels, with a 
corresponding increase in EC (and individual contributing constituents) in the deeper parts of the 
alluvium. 
 
The most notable groundwater quality issue in the alluvium is perchlorate contamination in a 
localized area situated about three miles east of the Project area.  In 2002, one well (the Santa 
Clarita Water Division's Stadium Well), located near the former Whittaker-Bermite facility, was 
inactivated for municipal water supply due to detection of perchlorate slightly below the 
Notification Level.  In early 2005, perchlorate was detected in a second well, the Valencia Water 
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Company's Well Q2.  In October 2005, Well Q2 was returned to service with wellhead 
perchlorate treatment under a permit from the California DHS.  On-going monitoring in the 
alluvium north of the Whittaker-Bermite site (an ammunition manufacturing site) has shown no 
detections of perchlorate in any other Alluvial municipal water supply wells in this area. 
 
Table 2-38 summarizes average metals, general chemistry, and organic compounds data for three 
Alluvial aquifer wells located in and near the Project area (see Figure 2-1).  One well is a 
municipal water supply well that belongs to the Valencia Water Company (E-15) and is located 
in the Valencia Commerce Center area, northeast of the Project boundary.  Two Newhall Ranch 
agricultural Alluvial aquifer wells (C and B6) were monitored twice (once each in 2000 and 
2001). 
 
Laboratory testing indicates that all constituents tested were at acceptable levels for drinking 
water, for all tested wells, with the exception of sulfate and iron in the agricultural supply well 
B6. Specifically, the average sulfate concentration (360 mg/L) exceeded the Basin Plan objective 
of 350 mg/L and the average iron concentration (0.4 mg/L) exceeded the secondary drinking 
water standard of 0.3 mg/L in Alluvial Well B6.  
 
Tests conducted for perchlorate at the Alluvial aquifer wells listed in Table 2-38 indicated "non-
detect," meaning no perchlorate was detected. Furthermore, no organic contaminants have been 
detected in any Alluvial aquifer wells.  
 
Saugus Formation. Similar to the Alluvial aquifer, groundwater quality in the Saugus 
Formation is a key factor in assessing that aquifer as a municipal and agricultural water supply. 
As with the Alluvial aquifer, long-term Saugus groundwater quality data is not sufficiently 
extensive (few wells) to permit any basin-wide analysis or assessment of pumping-related 
impacts on quality. Accordingly, EC has been chosen as an indicator of overall water quality, 
and records have been combined to produce a long-term depiction of water quality. Water 
quality in the Saugus Formation historically has not exhibited the precipitation-related 
fluctuations seen in the Alluvial aquifer, and based on the historical record over the last 50 years, 
groundwater quality in the Saugus Formation has exhibited a slight overall increase in EC.  
 
Table 2-38 summarizes average metals, general chemistry, and organic compounds data for one 
Saugus aquifer wells located near the Project location (see Figure 2-1).  Saugus Well 206 is a 
municipal water supply well that belongs to the Valencia Water Company and is located in the 
RMDP project area.  Laboratory testing indicates that all constituents tested were at acceptable 
levels for drinking water in Saugus Well 206. 
 
As with the Alluvial aquifer, the most notable groundwater quality issue in the Saugus Formation 
is perchlorate contamination.  Since 1997, four Saugus wells located near the former Whittaker-
Bermite facility (about two miles east of the Project location) have been inactivated for water 
supply service due to the presence of perchlorate.  A fifth well in that same location showed a 
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detection of perchlorate below the DHS reporting level of 4 µg/L.  To date, in the Saugus 
Formation, there have been no perchlorate detections in other active municipal-supply wells 
located down gradient (west) of the impacted wells.  The development and implementation of a 
cleanup plan for the former Whittaker-Bermite facility and the impacted groundwater resources 
is being coordinated among the Castaic Lake Water Agency (CLWA), impacted purveyors, the 
California Department of Toxic Substances Control (DTSC), and the Corps.  For the impacted 
groundwater, a Final Interim Remedial Action Plan for containment and extraction of perchlorate 
was completed and approved by DTSC in January 2006.  Design of the treatment facilities and 
related pipelines also was completed in 2006.  Construction of these facilities to implement the 
pump-and-treat program and to also restore inactivated well capacity is anticipated to conclude 
in mid-2008, with the facilities on line by fall 2008 (Luhdorff and Scalmanini, 2006). 
 

Table 2-38:  Groundwater Monitoring Data 
 Average Concentration 

Parameter Units 

Basin Plan Objective /  
Maximum 

Contaminant Level  
Alluvial  

Well E-15 
Alluvial 
Well C 

Alluvial 
Well B6 

Saugus 
Well 206 

Aluminum µg/L 1,000(2) ND ND ND ND 

Arsenic µg/L 50(2) n/a ND ND n/a 

Barium mg/L 1(2) ND 0.02 0.03 ND 

Beryllium µg/L 4(2) ND n/a n/a ND 

Cadmium µg/L 5(2) ND ND ND ND 

Chromium µg/L 50(2) ND ND ND ND 

Copper µg/L 1,000(3) ND ND ND ND 

Iron mg/L 0.3(3) ND 0.1 0.4 ND 

Manganese µg/L 50(3) ND ND ND ND 

Mercury, Total µg/L 2(2) n/a ND ND n/a 

Nickel µg/L 100(2) ND ND ND ND 

Selenium µg/L 50(2) n/a ND ND n/a 

Silver µg/L 100(3) NA ND ND n/a 

Thallium µg/L 2(2) NA ND ND n/a 

Zinc µg/L 5,000(3) ND ND ND ND 

Alkalinity as CaCO3 mg/L -- 226 255 295 221 

Boron mg/L 1.0(1) 0.48 0.39 0.48 n/a 

Chloride mg/L 150(1) 90 57 82 45 

Color Color unit 15(3) ND ND 5 ND 

Cyanide, total mg/L 0.15(2) n/a ND ND n/a 

Fluoride mg/L 2.0(2) 0.8 0.7 0.8 0.2 

Hardness as CaCO3 mg/L -- 499 410 510 464 

MBAS mg/L 0.5(3) n/a ND ND n/a 

Nitrate as NO3 mg/L 45(1) 18.5 9.5 10.6 20.9 

Nitrite as N mg/L 1(1) ND ND ND ND 

Nitrate+Nitrite as N mg/L 10(1) 3.6 2.1 2.4 4.7 

Odor TON 3(3) 1.1 ND ND 1 

Specific Conductance umhos/cm 900-1600(3) 1317 1150 1400 1158 

Sulfate mg/L 350(1) 314 285 360 293 

TDS mg/L 1,000(1) 969 760 950 861 
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 Average Concentration 

Parameter Units 

Basin Plan Objective /  
Maximum 

Contaminant Level  
Alluvial  

Well E-15 
Alluvial 
Well C 

Alluvial 
Well B6 

Saugus 
Well 206 

Turbidity NTU 5(3) 0.4 0.35 1.4 0.2 

Volatile Organic 
Chemicals (VOCs) µg/L variable ND ND ND ND 

Synthetic Organic 
Chemicals (SVOCs) µg/L variable ND ND ND ND 

Key: Bold Exceeds Standard  
-- = no applicable basin plan objective or MCL 
n/a = not analyzed 
ND = none detected 
1Los Angeles Basin Plan Regional Objectives for Groundwater (Table 3-10). 
2California Department of Public Health Primary Drinking Water MCL (Title 22 CCR Table 64431-A and Table 64444-A). 
3California Department of Public Health Secondary Drinking Water MCL (Title 22 CCR Table 64449-A and Table 64449-B). 
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3 REGULATORY SETTING 

3.1 Clean Water Act 

In 1972, the Federal Water Pollution Control Act [later referred to as the Clean Water Act 
(CWA)] was amended to require National Pollutant Discharge Elimination System (NPDES) 
permits for the discharge of pollutants to waters of the United States from any point source.  In 
1987, the CWA was amended to require that the United States Environmental Protection Agency 
(USEPA) establish regulations for permitting of municipal and industrial stormwater discharges 
under the NPDES permit program.  The USEPA published final regulations regarding 
stormwater discharges on November 16, 1990.  The regulations require that municipal separate 
storm sewer system (MS4) discharges to surface waters be regulated by a NPDES permit.   
 
In addition, the CWA requires the States to adopt water quality standards for receiving water 
bodies and to have those standards approved by the USEPA.  Water quality standards consist of 
designated beneficial uses for a particular receiving water body (e.g. wildlife habitat, agricultural 
supply, fishing etc.), along with water quality criteria necessary to support those uses.  Water 
quality criteria are prescribed concentrations or levels of constituents – such as lead, suspended 
sediment, and fecal coliform bacteria – or narrative statements which represent the quality of 
water that support a particular use.  Because California had not established a complete list of 
acceptable water quality criteria, USEPA established numeric water quality criteria for certain 
toxic constituents in receiving waters with human health or aquatic life designated uses in the 
form of the California Toxics Rule (“CTR”) (40 CFR 131.38).  

3.2 CWA Section 303(d) - TMDLs 

When designated beneficial uses of a particular receiving water body are being compromised by 
water quality, Section 303(d) of the CWA requires identifying and listing that water body as 
“impaired”.  Once a water body has been deemed impaired, a Total Maximum Daily Load 
(TMDL) must be developed for the impairing pollutant(s).  A TMDL is an estimate of the total 
load of pollutants from point, non-point, and natural sources that a water body may receive 
without exceeding applicable water quality standards (with a “factor of safety” included).  Once 
established, the TMDL allocates the loads among current and future pollutant sources to the 
water body.  
 
The Project will discharge runoff to Santa Clara River Reach 5.  Table 3-1 lists the water quality 
impairments for the Santa Clara River, at and downstream of the Project location, as reported in 
the most recent (2006) CWA Section 303(d) List of Water Quality Limited Segments.  Table 3-2 
lists the 2006 Section 303(d) List of Water Quality Limited Segments Being Addressed by 
USEPA Approved TMDLs.  States are required to submit the Section 303(d) list and TMDL 
priorities to the USEPA for approval.  The 2006 Section 303(d) list was adopted by the SWRCB 
and approved for transmittal to the USEPA on October 25, 2006.  The 2006 Section 303(d) list 
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was approved by USEPA on June 28, 2007.  Reach 5  of the Santa Clara River is listed for 
coliform bacteria and for chloride as “being addressed” in the reach.  Downstream segments of 
the river, below the dry gap in Reach 4, are listed for total dissolved solids (TDS), toxicity, 
coliform bacteria, chlorinated legacy pesticides, and Toxaphene.  Reach 3 is listed for ammonia 
and chloride as “being addressed.” 
 
The Regional Board has adopted TMDLs for nitrogen compounds (nitrate plus nitrite-nitrogen 
and ammonia) and chloride into the Water Quality Control Plan for Los Angeles Region (Basin 
Plan).  The wasteload allocations for stormwater discharges into Reach 5  of the Santa Clara 
River are summarized in Table 3-3.  Pollutant reductions are regulated through effluent limits 
prescribed in POTW and minor point source NPDES Permits, Best Management Practices 
(BMPs) required in NPDES MS4 Permits, and State Water Resource Control Board (SWRCB) 
Management Measures for nonpoint source discharges.  The Regional Board has not yet adopted 
a TMDL for coliform in Reach 5 . 

3.3 California Toxics Rule 

The California Toxics Rule (40 C.F.R. §131.38) is a federal regulation issued by the USEPA that 
provides water quality criteria for toxic pollutants in waters with human health or aquatic life 
designated uses in California.  Not all waters receiving flows from the NRSP area, such as the 
tributaries to the Santa Clara River, are specifically designated with human health or aquatic life 
uses. However, the Santa Clara River does have such designated uses. Although CTR criteria do 
not apply directly to discharges of stormwater runoff, they can provide a useful benchmark to 
assess the potential impacts to the water quality of receiving waters from Project stormwater 
runoff discharges. Here, the freshwater aquatic life criteria are used as benchmarks to evaluate 
the potential impacts of stormwater runoff to the project's receiving waters.  The CTR also 
contains human health criteria which are derived for drinking water sources and for fish 
consumption only.  Since the human health criteria are less stringent than the aquatic life criteria 
for the pollutants of concern for the Project, the aquatic life criteria are used. 
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Table 3-1:  2006 CWA Section 303(d) Listings for the Santa Clara River Mainstem 
SCR Reach 

or 
Tributary1 

Geographic Description & 
Distance from Project to 
Upstream End of Reach Pollutants 

303(d) List Proposed TMDL 
Completion Potential Sources 

5 
Blue Cut Gaging Station to West 
Pier Hwy 99  
(Project location) 

1) High Coliform Count 1)  2019 1)  Nonpoint and Point Sources 

3 
Freeman diversion dam to “A” 
street 2 
(25 miles) 

1) Total Dissolved Solids  1) 2019 1)  Nonpoint and Point Sources 

1 
Estuary to Highway 101 Bridge 
(30 miles) 

1)  Toxicity 1)  2019 1)  Source Unknown 

-- 
Estuary  
(40 miles) 

1) ChemA3 

2) Coliform 
3) Toxaphene 

1)  2019 
2)  2019 
3)  2019 

1)  Source Unknown 
2)  Nonpoint Source 
3)  Nonpoint Source 

1SCR reaches upstream of the Project area have not been included. 
2Reach 3 is downstream of the Dry Gap in Reach 4. 
3ChemA suite of chlorinated legacy pesticides include: Aldrin, chlordane, Dieldrin, Endosulfan I/II, Endrin, gamma-BHC, heptachlor, heptachlor epoxide, and 
Toxaphene.  
 

Table 3-2:  2006 CWA Section 303(d) List of Water Quality Limited Segments Being Addressed By USEPA Approved TMDLs 
Waterbody Name Pollutants Potential Sources  USEPA Approved TMDL 

Santa Clara River Reach 5 1. Chloride 1) Nonpoint/Point Source 1) 2005 

Santa Clara River Reach 3 
1. Ammonia 
2. Chloride 

1) Nonpoint/Point Source  
2) Nonpoint/Point Source 

1) 2004 
2) 2002 
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Table 3-3:  TMDL Wasteload Allocations for MS4 and Stormwater Sources to Santa Clara River Reach 5 
Impairing 
Pollutant  Numeric Water Quality Objective Wasteload Allocation 

Chloride 
(Resolution 
No. 04-004) 

100 mg/L. 

Wasteload allocations have been adopted for the Saugus WRP 
and the Valencia WRP.  Other NPDES discharges contribute a 
minor chloride load.  The wasteload allocation for these point 
sources is 100 mg/L. 
The source analysis indicates that nonpoint sources are not a 
major source of chloride.  The load allocations for nonpoint 
sources is 100 mg/L. 

Nitrogen 
Compounds 
(Resolution 
No. 03-011) 

The numeric target for NO3-N + NO2-N in the Nitrogen Compounds TMDL was 
based on achieving the existing water quality objective of 5 mg/L NO3-N + NO2-
N.  The numeric target that was used to calculate the wasteload allocations 
included a 10% margin of safety; thus the numeric target is 4.5 mg/L NO3-N + 
NO2-N (30-day average). 
 
The water quality objectives for ammonia in Reach 5 used in the Nitrogen 
Compounds TMDL are: 

TMDL Ammonia Water Quality Objective (mg/L as N) 
 1-hr average               30-day average 
Reach 5 at County Line              3.4                                 1.2 
Reach 5 below Valencia             5.5                                 2.0 
Reach 5 above Valencia             4.8                                 2.0 

 

Concentration-based wasteloads are allocated to municipal, 
industrial, and construction stormwater sources regulated 
under NPDES permits.  For stormwater Permittees 
discharging into Reach 5, the following wasteload allocations 
apply: 
30-day average nitrate plus nitrite =  6.8 mg/L (NO3-N + 
NO2-N) 
1-hour average ammonia =  5.2 mg/L (NH3 as N) 
30-day average ammonia =  1.75 mg/l (NH3 as N) 
 



53 

Freshwater aquatic life criteria for certain metals in the CTR are expressed as a function of 
hardness because hardness, and/or water quality characteristics that are usually correlated with 
hardness, can reduce the toxicities of some metals 4.  The minimum wet weather hardness value 
of 250 mg/L as CaCO3 from USGS station 11108500 was used to approximate CTR criteria for 
metals.  This value is likely to be more representative of conditions in the Santa Clara River 
within the NRSP subregion than Los Angeles County’s Station 29 based on the water quality 
data summarized in Section 2.7 above.  As per requirements of their discharge permit, the 
Valencia Water Reclamation Plant has a monitoring station just upstream of the NRSP subregion 
area.  Monthly hardness values for the Santa Clara River at this station ranged from 326 to 360 
mg/L as CaCO3 in 2004.  Other water quality comparisons to this station were not made due to 
lack of wet weather monitoring.  The hardness value of 250 mg/L is a conservative estimate of 
wet weather hardness values that should occur in the NRSP subregion area, although higher 
values are likely to occur.  
 
The CTR also establishes two types of aquatic life criteria: acute and chronic. Acute criteria 
represent the highest concentration of a pollutant to which aquatic life can be exposed for a short 
period of time without deleterious effects; chronic criteria equal the highest concentration to 
which aquatic life can be exposed for an extended period of time (four days) without deleterious 
effects. Due to the intermittent nature of stormwater runoff (especially in southern California), 
the acute criteria are considered to be more applicable to stormwater conditions than chronic 
criteria. For example, the average storm duration in the 38-year Newhall gage rainfall record is 
11.3 hours.  In this document, the acute CTR criteria are used as one type of benchmark to 
evaluate the potential ecological impacts of Project runoff on the receiving waters. 

3.4 California Porter-Cologne Act 

The federal CWA places the primary responsibility for the control of surface water pollution and 
for planning the development and use of water resources with the states, although it does 
establish certain guidelines for the states to follow in developing their programs and allows 
USEPA to withdraw control from states with inadequate implementation mechanisms. 
 
California‘s primary statute governing water quality and water pollution issues with respect to 
both surface waters and groundwater is the Porter-Cologne Water Quality Control Act of 1970 
(Porter-Cologne Act). The Porter-Cologne Act grants the State Water Resource Control Board 
(SWRCB) and the Regional Water Quality Control Boards (RWQCBs) power to protect water 

                                                 
4 The toxicity of a chemical to an aquatic organism may vary according to attributes of the organism, chemical 
composition, and exposure environment, so that the chemical is more or less "bioavailable."  Many chemicals exist 
in a variety of forms (chemical species), and such chemical speciation affects bioavailability because relative uptake 
rates can differ among chemical species and the relative concentrations of chemical species can differ among 
exposure conditions. Usually, metal toxicity is reduced by increased water hardness, which is composed of cations 
(primarily calcium and magnesium). In some cases, the apparent effect of hardness on toxicity might be partly due 
to complexation of the metal by higher concentrations of hydroxide and/or carbonate (increased pH and alkalinity) 
commonly associated with higher hardness. (USEPA, 2007) 
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quality and is the primary vehicle for implementation of California’s responsibilities under the 
federal Clean Water Act.  The Porter-Cologne Act grants the SWRCB and the RWQCBs 
authority and responsibility to adopt plans and policies, to regulate discharges of waste to surface 
and groundwater, to regulate waste disposal sites and to require cleanup of discharges of 
hazardous materials and other pollutants.  The Porter-Cologne Act also establishes reporting 
requirements for unintended discharges of any hazardous substance, sewage, or oil or petroleum 
product. 
 
Each RWQCB must formulate and adopt a water quality control plan (Basin Plan) for its region.  
The Basin Plan must conform to the policies set forth in the Porter-Cologne Act and established 
by the SWRCB in its state water policy.  To implement State and Federal law, the Basin Plan 
establishes beneficial uses for surface and groundwaters in the region, and sets forth narrative 
and numeric water quality standards to protect those beneficial uses.  The Porter-Cologne Act 
also provides that a RWQCB may include within its regional plan water discharge prohibitions 
applicable to particular conditions, areas, or types of waste.   

3.5 Basin Plan 

The applicable Basin Plan (LARWQCB, 1994, as amended) provides quantitative and narrative 
criteria for a range of water quality constituents applicable to certain receiving water bodies and 
groundwater basins within the Los Angeles Region.  Specific criteria are provided for the larger, 
designated water bodies within the region, as well as general criteria or guidelines for ocean 
waters, bays and estuaries, inland surface waters, and groundwaters.  In general, the narrative 
criteria require that degradation of water quality does not occur due to increases in pollutant 
loads that will adversely impact the designated beneficial uses of a water body.  For example, the 
Los Angeles Basin Plan requires that “Inland surface waters shall not contain suspended or 
settleable solids in amounts which cause a nuisance or adversely affect beneficial uses as a result 
of controllable water quality factors.”  Water quality criteria apply within receiving waters as 
opposed to applying directly to runoff; therefore, water quality criteria from the Basin Plan are 
utilized as benchmarks as one method to evaluate the potential ecological impacts of Project 
runoff on the receiving waters of the proposed Project.  Table 2-2 above lists the beneficial uses 
of applicable receiving surface waters.  
 
The Basin Plan also contains water quality criteria for groundwater basins.  For example, the 
Basin Plan requires that “Groundwaters shall not contain taste or odor producing substances in 
concentrations that cause nuisance or adversely affect beneficial uses.”  Table 2-37 above lists 
the beneficial uses of the applicable groundwater basin. 

3.6 MS4 Permit 

In 2001, the Los Angeles Regional Water Quality Control Board (LARWQCB, 2001) issued an 
NPDES Permit and Waste Discharge Requirements (Order No. 01-182) under the CWA and the 
Porter-Cologne Act for discharges of urban runoff in public storm drains in Los Angeles County.  
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The Permittees are the Los Angeles County cities and the County (collectively “the Co-
Permittees”).  This permit regulates stormwater discharges from MS4s in the Project area.  The 
NPDES permit details requirements for new development and significant redevelopment, 
including specific sizing criteria for treatment BMPs and flow control requirements. 
 
To implement the requirements of the NPDES permit, the Co-permittees have established 
development planning guidance and control measures that control and mitigate stormwater 
quality and quantity impacts to receiving waters as a result of new development and 
redevelopment.  They are also required to implement other municipal source detection and 
elimination programs, as well as maintenance measures.   

3.6.1 Stormwater Quality Management Program 

The MS4 Permit contains the following provisions for implementation of the Stormwater Quality 
Management Program (SQMP) by the Co-permittees: 
 

• General Requirements – Each Permittee is required to implement the SQMP to comply 
with applicable storm water program requirements and implement additional controls 
where necessary to reduce the discharge of pollutants in stormwater to the “maximum 
extent practicable” (MEP). 

• BMP Implementation – Permittees are required to implement the most effective 
combination of BMPs for stormwater/urban runoff pollution control. 

• SQMP Revision – Permittees are required to revise the SQMP to comply with regional, 
watershed specific requirements, and/or wasteload allocations for implementation of 
TMDLs for impaired waterbodies. 

• Responsibilities of the Principal Permittee – The responsibilities of the Los Angeles 
County Department of Public Works (as the Principal Permittee) include, but are not 
limited to, coordinating activities necessary to comply with the NPDES permit, providing 
personnel and fiscal resources for SQMP updates and annual reports and summaries of 
reports required under the SQMP, and implementing and evaluating results of a County-
wide Monitoring Program. 

• Responsibilities of Permittees – Each Permittee is required to comply with the 
requirements of the SQMP applicable to the discharges within its boundaries. 

• Watershed Management Committees (WMCs) – WMCs are comprised of a voting 
representative from each Permittee within the Watershed Management Areas (WMAs). 
WMCs are required to facilitate efforts and exchange of information between Permittees, 
establish additional goals for WMAs, prioritize pollution control efforts, monitor 
implementation of tasks designated for the WMA, and assess the effectiveness of and 
recommend revisions to the SQMP.  
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• Legal Authority – Permittees are granted the necessary legal authority to prohibit non-
storm water discharges to the storm drain system. 

The objective of the SQMP is to reduce pollutants in urban stormwater discharges to the 
"maximum extent practicable" in order to attain water quality objectives and to protect the 
beneficial uses of receiving waters in Los Angeles County.  Special provisions are provided in 
the MS4 permit to facilitate implementation of the SQMP.  These provisions include:  
 

• BMP substitution – Substitution of site-specific BMPs is allowed provided the alternative 
BMP will meet or exceed pollutant reduction of the original BMP, the fiscal burden of 
the original BMP is substantially greater than the proposed alternative, and the alternative 
BMP will be implemented within a similar time period. 

• Public Information and Participation Program (PIPP) – This requires the Permittee to 
identify how public education needs were determined, who is responsible for developing 
and implementing the program, and the method used to determine its effectiveness. 

• Industrial/Commercial Facilities Control Program – This requires the Permittee to 
develop a plan for managing stormwater runoff from industrial and commercial facilities. 
This program will track, inspect, and ensure compliance at industrial and commercial 
facilities that are sources of pollutants in storm water. 

• Development Planning Program – This requires the Permittee to implement a 
development-planning program that requires new development and redevelopment 
projects to minimize impacts from stormwater and urban runoff. 

• Development Construction Program – This requires the Permittee to implement a 
program to control runoff from construction activity to minimize erosion and 
transportation of sediment and prevent non-stormwater discharges from equipment and 
vehicle washing. 

• Public Agency Activities Program – This requires municipalities to evaluate existing 
public agency activities that have an impact on stormwater quality (such as vehicle 
maintenance, landscape maintenance and weed control, and construction and 
maintenance of streets, roads, and flood control systems) and to develop a program to 
reduce stormwater impacts with a schedule for implementation. 

• Illicit Connections and Illicit Discharges Elimination Program – This requires each 
Permittee to have a plan for finding and preventing illegal connections and discharges 
and a mechanism for enforcing against illegal connections and discharges. 

3.6.2 Standard Urban Stormwater Mitigation Plan 

On March 8, 2000, the development planning program requirements, including the Standard 
Urban Stormwater Mitigation Plan requirements (collectively, development planning program 
requirements, including Standard Urban Stormwater Mitigation Pan requirements, are referred to 
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in this report as SUSMP requirements) were approved by the RWQCB as part of the MS4 
program to address stormwater pollution from new construction and redevelopment.  The 
SUSMP contains a list of minimum BMPs that must be employed to infiltrate or treat stormwater 
runoff, control peak flow discharge, and reduce the post-project discharge of pollutants from 
stormwater conveyance systems.  The SUSMP defines, based upon land use type, the types of 
practices that must be included and issues that must be addressed as appropriate to the 
development type and size.  Compliance with SUSMP requirements is used as one method to 
evaluate significance of project development impacts on surface water runoff. 
 
Finalized in May 2000, the County of Los Angeles’ “Manual for the Standard Urban Stormwater 
Mitigation Plan” details the requirements for new development and significant redevelopment 
BMPs (Los Angeles County, 2000) (the “SUSMP Manual”).  The SUSMP Manual is a model 
guidance document for use by Permittees and individual project owners to select post-
construction BMPs and otherwise comply with the SUSMP requirements.  It addresses water 
quality and drainage issues by specifying design standards for structural or treatment control 
BMPs that infiltrate or treat stormwater runoff and control peak flow discharge.  BMPs are 
defined in the SUSMP Manual and SUSMP requirements as any program, technology, process, 
sizing criteria, operational methods or measures, or engineered systems, which, when 
implemented, prevent, control, remove, or reduce pollution.  Treatment BMP sizing criteria and 
design guidance are also contained in the MS4 Permit and in the SUSMP Manual.  
 
One of the most important requirements within the SUSMP is the specific sizing criteria for 
stormwater treatment BMPs for new development and significant redevelopment projects. The 
SUSMP includes sizing criteria for both volume-based and flow-based BMPs.  The sizing 
criteria options for volume-based BMPs, such as extended detention basins, are as follows: 
 

1. The 85th percentile 24-hour runoff event storm event determined as the maximized 
capture stormwater volume for the area, from the formula recommended in Urban Runoff 
Quality Management, Water Environment Federation (WEF) Manual of Practice No. 
23/ASCE Manual of Practice No. 87 (WEF, 1998); 

 
2. The volume of annual runoff based on unit basin storage volume, to achieve 80% or more 

volume treatment by the method recommended in California Stormwater Best 
Management Practices Handbook – Industrial/Commercial (SWQTF, 1993); 

 
3. The volume of runoff produced from a 0.75 inch storm event, prior to its discharge to a 

stormwater conveyance system; or 
 
4. The volume of runoff produced from a historical-record based reference 24-hour rainfall 

criterion for “treatment” (0.75 inch average for the Los Angeles County Area) that 
achieves approximately the same reduction in pollutant loads and flows as achieved by 
mitigation of the 85th percentile, 24-hour runoff event. 
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Stormwater treatment facilities will be designed to meet or exceed the sizing standards contained 
in the SUSMP Manual.  Volume-based treatment control BMPs for the Project will be sized to 
capture and treat 80 percent of the annual runoff volume, with a drawdown time of 48 hours.  
This methodology utilizes historical rainfall data with continuous simulation modeling to 
calculate the treatment volume for each treatment control BMP and is consistent with criteria 2 
above. 
   
Flow-based BMPs, such as vegetated swales, must be designed to infiltrate or treat the maximum 
flow rate generated from one of the following scenarios: 
 

1. The flow of runoff produced from a rain event equal to at least 0.2 inches per hour 
intensity,  

 
2. The flow of runoff produced from a rain event equal to at least two times the 85th 

percentile hourly rainfall intensity for Los Angeles County, or 
 

3. The flow of runoff produced from a rain event that will result in treatment of the same 
portion of runoff as treated using volumetric standards above. 

 
Flow-based BMPs for the Project will be sized using a rainfall intensity of 0.3 inches per hour, 
which will result in treatment of the same portion of runoff as treated using volumetric standards 
above (criteria 3).   
 
The preliminary sizing of the treatment control facilities is set forth in this document and the 
Landmark Village Drainage Concept Report (Psomas, 2006).  Facility sizing will be finalized by 
the project engineer with the final hydrology study prior to issuance of a grading permit, which 
will be prepared and approved to ensure consistency with this analysis. 
 
Also, the SUSMP includes general design specifications for individual priority project 
categories.  These include: 
 

• Single-Family Hillside Home 

• 100,000 square foot commercial developments 

• Restaurants 

• Retail gasoline outlets 

• Automotive repair shops 

• Parking lots 

 
For example, commercial developments must have properly designed loading and unloading 
dock areas, repair and maintenance bays, and vehicle equipment wash areas.  Restaurants need to 
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have properly designed equipment and accessory wash areas.  Parking lots have to be properly 
designed to limit oil contamination and have regular maintenance of parking lot stormwater 
treatment systems (e.g., storm drain filters and biofilters). This document generally identifies 
potential locations for these types of improvements and preliminarily identifies appropriate 
BMPs. 
 
The LARWQCB issued a letter in December 2006 that clarification the Board’s compliance 
expectations for the development planning requirements in Part 4.D of the MS4 Permit 
(LARWQCB, 2006).  Per the clarification letter, the three provisions in Part 4.D that are the 
essential requirements for compliance are to: (1) maximize the percentage of pervious surfaces to 
allow percolation of storm water into the ground; (2) minimize the quantity of storm water 
directed to impervious surfaces and the MS4; and (3) minimize pollution emanating from 
parking lots through the use of appropriate treatment control BMPs and good housekeeping 
practices. 
 
The Project is required to incorporate appropriate SUSMP requirements into project plans as part 
of the development plan approval process for building and grading permits.  This analysis will 
identify at a project level, and consistent with the framework, conclusions, and requirements of 
the NRSP Sub-Regional Stormwater Mitigation Plan (Geosyntec Consultants, 2008), the design 
specifications related to treatment control BMPs and other project features associated with the 
Landmark Village project.  Design of these BMPs will be finalized by the project engineer with 
the hydrology study prior to issuance of grading permits to ensure consistency with this analysis. 

3.6.3 Hydromodification and Peak Flow Control 

Part 4, Section D.1. of the MS4 Permit notes that increased volume, velocity, and discharge 
duration of stormwater runoff from developed areas may potentially accelerate downstream 
erosion and impair habitat-related beneficial uses in Natural Drainage Systems.  As a result, 
Section D.1. of the Permit stipulates that Permittees shall control post-development peak storm 
water runoff discharge rates, velocities and durations in Natural Drainage Systems to prevent 
accelerated stream erosion and to protect stream habitat.  Natural Drainage Systems are defined 
by the Permit to include the Santa Clara River. 
 
Further, under Part 4, Section D.1 of the MS4 Permit, the County and its Co-permittees were 
required to develop and implement by February 1, 2005, numeric criteria for peak flow control in 
accordance with the findings of the Peak Discharge Impact Study analyzing the potential impacts 
on natural streams due to impervious development.  The County of Los Angeles Department of 
Public Works and the Southern California Storm Water Monitoring Coalition had been 
conducting the study, but the study was not completed in time to meet the February 1st deadline.  
Therefore, on January 31, 2005, the County adopted and submitted to the LARWQCB an Interim 
Peak Flow Standard to be in effect until such time as a final standard can be adopted based on a 
completed study. 
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The adopted Los Angeles County Interim Peak Flow Standard was derived from a similar 
Interim Peak Flow Standard for Ventura County approved by the LARWQCB under the SUSMP 
requirements provisions of the MS4 Permit.  The intent of the Interim Standard, as described by 
the County in the cover letter dated January 31, 2005, signed by Donald L. Wolfe transmitting 
the Interim Standard to Jonathan Bishop of the LARWQB, is to provide protection for natural 
streams to the extent supported by findings from the ongoing study, and consistent with practical 
construction practices. 
 
The Interim Peak Flow Standard adopted by the County is: 
 

The Peak Flow Standard shall require that all post-development runoff from a 2-year, 24-
hour storm shall not exceed the predevelopment peak flow rate, burned, from a 2-year, 24-
hour storm when the predevelopment peak flow rate equals or exceeds five cubic feet per 
second.  Discharge flow rates shall be calculated using the County of Los Angeles Modified 
Rational Method.  The Peak Flow Standard shall also require that post-development runoff 
from the 50-year capital storm shall not exceed the predevelopment peak flow rate, burned 
and bulked, from the 50-year capital storm. 
 

In its cover letter dated January 31, 2005, signed by Donald L. Wolfe, transmitting the Peak 
Flow Interim Standard to Jonathan Bishop of the LARWQB, the County notes that upon 
completion of the Peak Discharge Impact Study, new peak flow standards may be determined to 
be appropriate.   
 
Per Section 4.D(9) of the MS4 Permit, the NRSP Sub-Regional Stormwater Mitigation Plan 
(Geosyntec Consultants, 2008) provides an alternative hydromodification control performance 
standard for the NRSP projects, including Landmark Village, which is sub-region specific and is 
based on hydrodynamic modeling and geomorphic assessment.  The Landmark Village Project 
will be conditioned to require, as a project design feature, sizing and design of hydraulic features 
as necessary to control hydromodification impacts in accordance with the NSRP Sub-Regional 
Stormwater Mitigation Plan.  See further Section 5.4 below.  Under Section 4.D(9) of the MS4 
Permit, compliance with the NRSP Sub-Regional Stormwater Mitigation Plan hydromodification 
control performance standard is used to evaluate hydromodification impacts. 

3.7 Construction Permits 

Pursuant to the CWA Section 402(p), requiring regulations for permitting of certain stormwater 
discharges, the State Water Resources Control Board (SWRCB) has issued a statewide general 
NPDES Permit and Waste Discharge Requirements for stormwater discharges from construction 
sites ((NPDES No. CAS000002) California Water Resources Control Board Resolution No. 
2001-046; Modification of Water Quality Order 99-08-DWQ State Water Resources Control 
Board (SWRCB) National Pollutant Discharge Elimination System (NPDES) General Permit for 
Stormwater Discharges Associated with Construction Activity (adopted by the SWRCB on April 
26, 2001)). 
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Under this Construction General Permit, discharges of stormwater from construction sites with a 
disturbed area of one or more acres are required to either obtain individual NPDES permits for 
stormwater discharges or be covered by the Construction General Permit.  Coverage under the 
Construction General Permit is accomplished by completing and filing a Notice of Intent with 
the SWRCB.  Each applicant under the Construction General Permit must ensure that a 
Stormwater Pollution Prevention Plan (SWPPP) is prepared prior to grading and implemented 
during construction.  The primary objective of the SWPPP is to identify, construct, implement, 
and maintain BMPs to reduce or eliminate pollutants in stormwater discharges and authorized 
non-stormwater discharges from the construction site during construction.  Compliance with the 
requirements of the Construction General Permit is used as one method to evaluate Project 
construction-related impacts on surface water quality. 

3.8 General Waste Discharge Requirements for Dischargers of Groundwater From 
Construction and Project Dewatering 

The Los Angeles Regional Water Quality Control Board has issued a General NPDES Permit 
and General Waste Discharge Requirements (WDRs) (Order No. R4-2003-0111, NPDES No. 
CAG994004) governing construction-related dewatering discharges within the Project 
development areas (the “General Dewatering Permit.”)  This permit addresses discharges from 
temporary dewatering operations associated with construction and permanent dewatering 
operations associated with development.  The discharge requirements include provisions 
mandating notification, sampling and analysis, and reporting of dewatering and testing-related 
discharges.  The General Dewatering Permit authorizes such construction-related activities so 
long as all conditions of the permit are fulfilled.  Compliance with the requirements of the 
General Dewatering Permit is used as one method to evaluate Project construction-related 
impacts on surface water quality. 

3.9 Discharge of Fill or Dredge Materials 

Hydrologic conditions of concern addressed in this report include instream changes in sediment 
transport, erosion, and sedimentation, and ultimately channel stability. There is a nexus between 
these concerns and the stream, habitat, and species protection programs administered by the 
United States Army Corps of Engineers (ACOE), California Department of Fish and Game 
(CDFG) and the U.S. Fish and Wildlife Service. 
 
Section 404 of the Clean Water Act is a program that regulates the discharge of dredged and fill 
material into waters of the United States, including wetlands.  Activities in waters of the United 
States that are regulated under this program include fills for development (including physical 
alterations to drainages to accommodate storm drainage, stabilization, and flood control 
improvements), water resource projects (such as dams and levees), infrastructure development 
(such as highways and airports), and conversion of wetlands to uplands for farming and forestry.  
USEPA and the ACOE have issued Section 404(b)(1) Guidelines (40 CFR 230) that regulate 
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dredge and fill activities, including water quality aspects of such activities.  Subpart C at 
Sections 230.20 through 230.25 contains water quality regulations applicable to dredge and fill 
activities.  Among other topics, these guidelines address discharges that alter substrate elevation 
or contours, suspended particulates, water clarity, nutrients and chemical content, current 
patterns and water circulation, water fluctuations (including those that alter erosion or sediment 
rates), and salinity gradients.   
 
Section 401 of the Clean Water Act requires that any person applying for a federal permit or 
license that may result in a discharge of pollutants into waters of the United States must  obtain a 
state water quality certification that the activity complies with all applicable water quality 
standards, limitations, and restrictions.  Subject to certain limitations, no license or permit may 
be issued by a federal agency until certification required by Section 401 has been granted. 
Further, no license or permit may be issued if certification has been denied.  CWA Section 404 
permits and authorizations are subject to section 401 certification by the Regional Water Quality 
Control Boards (RWQCBs).  
 
This report does not analyze the habitat and wildlife impacts associated with physical alterations 
to waters of the United States proposed in conjunction with the Project, such as dredge, fill, or 
bed, bank or channel improvements or stabilization measures affecting waters of the U.S.  The 
impacts associated with these physical alterations are analyzed in detail in the biota and 
floodplain modification sections of the Project EIR.  As discussed in Section 4.4.2 below, this 
report analyzes the adverse impacts to natural drainage systems that may be caused by the 
Project’s alteration of hydrologic conditions. 

3.10 Lake or Streambed Alteration Agreement (LSAA) 

The CDFG is responsible for conserving, protecting, and managing California's fish, wildlife, 
and native plant resources.  To meet this responsibility, the law requires the proponent of a 
Project that may impact a river, stream, or lake to notify the CDFG before beginning the Project.  
This includes rivers or streams that flow at least periodically or permanently through a bed or 
channel with banks that support fish or other aquatic life and watercourses having a surface or 
subsurface flow that support or have supported riparian vegetation.   
 
Section 1602 of the Fish and Game Code requires any person who proposes a Project that will 
substantially divert or obstruct the natural flow or substantially change the bed, channel, or bank 
of any river, stream, or lake or use materials from a streambed to notify the CDFG before 
beginning the Project. Similarly, under section 1602 of the Fish and Game Code, before any 
State or local governmental agency or public utility begins a construction Project that will: 1) 
divert, obstruct, or change the natural flow or the bed, channel, or bank of any river, stream, or 
lake; 2) use materials from a streambed; or 3) result in the disposal or deposition of debris, 
waste, or other material containing crumbled, flaked, or ground pavement where it can pass into 
any river, stream, or lake, it must first notify the CDFG of the proposed Project.  If the CDFG 
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determines that the Project may adversely affect existing fish and wildlife resources, a Lake or 
Streambed Alteration Agreement is required.  
 
As discussed above, this report does not analyze the habitat and wildlife impacts associated with 
physical alterations to waters of the United States proposed in conjunction with the Project, such 
as dredge, fill, or bed, bank or channel improvements or stabilization measures affecting waters 
of the U.S.  The impacts associated with these physical alterations are analyzed in detail in the 
biota and floodplain modification sections of the Project EIR.  As discussed in Section 4.4.2 
below, this report analyzes the adverse impacts to natural drainage systems that may be caused 
by the project’s alteration of hydrologic conditions. 
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4 POLLUTANTS OF CONCERN AND SIGNIFICANCE CRITERIA 

4.1 Surface Water Pollutants of Concern 

4.1.1 Pollutants of Concern 

Pollutants of concern, as defined in the Los Angeles County SUSMP Manual, consist of any 
pollutants that exhibit one or more of the following characteristics:  current loadings or historic 
deposits of the pollutant are impacting the beneficial uses of a receiving water, elevated levels of 
the pollutant are found in sediments of a receiving water and/or have the potential to 
bioaccumulate in organisms therein, or the detectable inputs of the pollutant are at concentrations 
or loads considered potentially toxic to humans and/or flora and fauna.  The pollutants of concern 
for the water quality analysis are those that are anticipated or potentially could be generated by 
the Project at concentrations, based on water quality data collected in Los Angeles County from 
land uses that are the same as those proposed by the Project, that exhibit these characteristics.  
Identification of the pollutants of concern also considered Basin Plan beneficial uses and water 
quality objectives, CTR criteria, and current Section 303(d) listings and TMDLs in the Santa 
Clara River, as well as pollutants that have the potential to cause toxicity or bioaccumulate in the 
receiving waters.  Appendix A lists the pollutants of concern, the basis for their selection, and the 
significance criteria that will be applied for each. 
 
The following pollutants were chosen as pollutants of concern for purposes of evaluating water 
quality based upon the above considerations: 
  
Sediments (TSS and Turbidity): Excessive erosion, transport, and deposition of sediment in 
surface waters are a significant form of pollution resulting in major water quality problems.  
Sediment imbalances impair waters’ designated uses.  Excessive sediment can impair aquatic life 
by filling interstitial spaces of spawning gravels, impairing fish food sources, filling rearing 
pools, and reducing beneficial habitat structure in stream channels.  In addition, excessive 
sediment can cause taste and odor problems in drinking water supplies and block water intake 
structures. 
 
Nutrients (Phosphorus and Nitrogen (Nitrate+Nitrite-N, Ammonia-N, and Total Nitrogen)): 
Nutrients of concern include the inorganic forms of nitrogen (nitrate, nitrite and ammonia) and 
phosphorus.  Organic forms of nitrogen are associated with vegetative matter such as particulates 
from sticks and leaves.  Inorganic forms of nitrogen include nitrate, nitrite and ammonia.  Total 
Nitrogen (TN) is a measure of all nitrogen present, including inorganic and particulate forms.  
Phosphorus can be measured as total phosphorus (TP) or as dissolved phosphorus.  Dissolved 
phosphorus is the more bioavailable form of phosphorus.  TP is often composed mostly of soil-
related particulate phosphorus.  There are several sources of nutrients in urban areas, mainly 
fertilizers in runoff from lawns, pet wastes, failing septic systems, atmospheric deposition from 
industry and automobile emissions, and soil erosion.  Nutrient over-enrichment is especially 
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prevalent in agricultural areas where manure and fertilizer inputs to crops significantly contribute 
to nitrogen and phosphorus levels in streams and other receiving waters.  Eutrophication due to 
excessive nutrient input can lead to changes in algae, benthic, and fish communities; extreme 
eutrophication can cause hypoxia or anoxia, resulting in fish kills.  Surface algal scum, water 
discoloration, and the release of toxins from sediment can also occur.   
 
Various downstream reaches of the Santa Clara River are identified as impaired by ammonia and 
nitrate- plus nitrite-nitrogen.  Evidence of impairment includes low diversity of benthic 
macroinvertebrates and observations of excessive algae growth.  A source analysis found that the 
majority of ammonia and nitrate/nitrite loads are from point sources; primarily water reclamation 
plants (WRPs) (LARWQCB, 2003).  Sources from municipal storm sewers are considered a 
minor source, but have a potential to cause significant local effects on water quality 
(LARWQCB, 2003).  TMDLs have been developed and adopted into the Basin Plan for nitrogen 
compounds, including nitrate/nitrite and ammonia.   
 
Trace Metals (Aluminum, Copper, Lead, and Zinc): The primary sources of trace metals in 
stormwater are typically commercially available metals used in transportation (e.g. automobiles), 
buildings, and infrastructure.  Metals are also found in fuels, adhesives, paints, and other 
coatings.  Copper, lead, and zinc are the most prevalent metals typically found in urban runoff.  
Other trace metals, such as cadmium, chromium, and mercury, are typically either not detected in 
urban runoff or are detected at very low levels (LACDPW, 2000).  Metals are of concern because 
of the potential for toxic effects on aquatic life and the potential for groundwater contamination.  
High metal concentrations can lead to bioaccumulation in fish and shellfish and affect the 
beneficial uses of receiving waters. 
 
Aluminum has been identified by the Los Angeles County Department of Public Works as a 
constituent of concern for the Santa Clara River based on monitoring conducted at mass emission 
Station S29 (see Section 2.7 above).  In stormwater, the majority of aluminum is in the 
particulate phase.  Its presence in stormwater is mainly due to aluminosilicate minerals found in 
soils, because stormwater particles are largely composed of eroded soils.  Aluminum is a large 
component of soils and is the third most common element in the earth’s crust.  The average 
aluminum soil content is about eight percent (or 80,000 mg/kg) and suspended sediments in 
rivers have total aluminum contents of a similar order of magnitude.  Aluminosilicates include a 
wide range of minerals with varying properties; some are formed during the laying down of the 
earth’s crust and some by weathering processes.  They are highly insoluble and unreactive, 
although aluminum can be extracted and solubilized to some degree under acidic conditions.  
The amount of aluminum extracted will mainly depend on the type and particle size of 
aluminosilicates present in the soil matrix.  A study by Kobayashi and Kizu (2001) showed that 
only eight percent of aluminum remained in waters after passing through a 0.22 micron filter, 
supporting the assertion that the majority of aluminum is found in the insoluble, suspended 
fraction.   According to the USEPA, aluminum is not considered a contaminant of potential 
concern to fish or aquatic organisms when surrounding soil pH is greater than 5.5 or when in 
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solution of a pH above 5.5 (USEPA 2003) because aluminum solubility and resultant toxicity has 
been linked to pH values below this standard.  In general, Project area soils are not expected to 
have a pH of less than 5.5.  DeClerk and Singer (2003) compared historic (1945) pH levels of 
agricultural soils in Southern California to 2001 conditions and found that pH levels have 
actually risen, from approximately 7.2 in 1945 to nearly 8.0 in 2001.  As the majority of the  pre-
development land use consists of agriculture or open space, it is safe to assume that soil pH 
levels within the Project area will be, for the most part, above 5.5.  In addition, pH in stormwater 
runoff is not expected to be below 5.5, as mean runoff concentrations in the Los Angeles County 
stormwater monitoring data ranged from 6.5 for mixed and single-family residential land uses to 
7.0 for commercial land uses.   In urban areas, aluminum building materials are a minor source 
of aluminum, as the metal is coated in unreactive aluminum oxide. 
 
Chloride: High levels of chloride in Santa Clara River Reaches 3, 5 and 6 are causing 
impairment of listed beneficial uses for agricultural irrigation.  Irrigation of salt sensitive crops, 
such as avocados and strawberries, with water containing elevated levels of chloride can result in 
reduced crop yields.  Chloride levels in some areas exceed water quality standards associated 
with groundwater recharge.  Chloride TMDLs have been developed and adopted into the Basin 
Plan.  The major sources of elevated chloride are dry-weather discharges from WRPs, 
contributing about 70% of the chloride load.  Minor point sources are dewatering operations, and 
uncontrolled swimming pool and water ride discharges.  
 
Pathogens (Bacteria, Viruses, and Protozoa) – Elevated pathogens are typically caused by the 
transport of domestic animal, wildlife, or human fecal wastes from the watershed.  Runoff that 
flows over land such as urban runoff can mobilize pathogens, including bacteria and viruses.  
Even runoff from natural areas can contain pathogens (e.g., from wildlife).  Other sources of 
pathogens in urban areas include pets, septic systems, and leaky sanitary sewer pipes. The 
presence of pathogens in runoff can impair receiving waters and contaminate drinking water 
sources.  Elevated pathogens are typically caused by the transport of animal or human fecal 
wastes from the watershed.  Historically an indicator organism such as fecal coliform has been 
used for pathogens due to the difficulty of monitoring for pathogens directly.  More recently, the 
scientific community has questioned the use of indicator organisms, as scientific studies have 
shown no correlation between indictor and pathogen levels and therefore total and fecal coliform 
may not indicate a significant potential for causing human illness (Paulsen and List, 2005).   
Santa Clara River Reach 5 is identified as impaired by high fecal coliform counts from point and 
nonpoint sources.  Coliform TMDLs have not yet been developed for this river reach. 
 
Petroleum Hydrocarbons (Oil and Grease and PAHs): The sources of oil, grease, and other 
petroleum hydrocarbons in urban areas include spillage fuels and lubricants, discharge of 
domestic and industrial wastes, atmospheric deposition, and runoff.  Runoff can be contaminated 
by leachate from asphalt roads, wearing of tires, and deposition from automobile exhaust. Also, 
do-it-yourself auto mechanics may dump used oil and other automobile-related fluids directly 
into storm drains.  Petroleum hydrocarbons, such as polycyclic aromatic hydrocarbons (PAHs), 



 

67 

can bioaccumulate in aquatic organisms from contaminated water, sediments, and food and are 
toxic to aquatic life at low concentrations.  Hydrocarbons can persist in sediments for long 
periods of time and result in adverse impacts on the diversity and abundance of benthic 
communities. Hydrocarbons can be measured as total petroleum hydrocarbons (TPH), oil and 
grease, or as individual groups of hydrocarbons, such as PAHs. 
 
Pesticides: Pesticides (including herbicides, insecticides and fungicides) are chemical 
compounds commonly used to control insects, rodents, plant diseases, and weeds.  Excessive 
application of a pesticide in connection with agriculture cultivation or landscaping may result in 
runoff containing toxic levels of its active component. Pesticides may be classified as 
organochlorine pesticides or organophosphorus pesticides, the former being associated with 
persistent bioaccumulative pesticides (e.g., DDT and other legacy pesticides) which have been 
banned.  The Santa Clara River estuary is listed as impaired for legacy pesticides.  
Organophosphorus pesticides include diazinon and chlorpyrifos whose uses also are being 
restricted by USEPA.  
 
Trash & Debris: Trash (such as paper, plastic, polystyrene packing foam, and aluminum 
materials) and biodegradable organic debris (such as leaves, grass cuttings, and food waste) are 
general waste products on the landscape that can be entrained in urban runoff.  The presence of 
trash and debris may have a significant impact on the recreational value of a water body and 
aquatic habitat.  Excess organic matter can create a high biochemical oxygen demand in a water 
body and thereby lower its water quality.  Also, in areas where stagnant water exists, the 
presence of excess organic matter can promote septic conditions resulting in the growth of 
undesirable organisms and the release of odorous and hazardous compounds such as hydrogen 
sulfide. 
 
Methylene Blue Activated Substances (MBAS).  MBAS are related to the presence of detergents 
in water.  Positive results may indicate the presence of wastewater or be associated with urban 
runoff due to commercial and/or residential vehicle washing or other outdoor washing activities.  
Surfactants disturb the surface tension which negatively affects insects and can also harm the 
gills in aquatic life.  
 
Cyanide.  Cyanide has been identified by the Los Angeles County Department of Public Works 
as a constituent of concern for the Santa Clara River based on monitoring conducted at mass 
emission Station S29 (LACDPW, 2005).  Cyanide is used in electroplating, metallurgy, and 
mining.  It is also used to make synthetic fibers, plastics, dyes, pharmaceuticals, and pesticides, 
including fumigants.  In addition, cyanide serves as a chemical intermediate in various 
production processes.  Natural cyanides are produced by certain bacteria, fungi, and algae, and 
they are present in a number of plants and foods as cyanogenic glycosides.  Man-made cyanides 
typically enter the environment from metal finishing and organic chemical industries. Other 
sources include iron and steel works, municipal waste burning, cyanide-containing pesticides, 
road deicers, and vehicle exhaust.  
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Bioaccumulation: Certain pollutants, such as pesticides, selenium and mercury, have a tendency 
to bioaccumulate.  The Basin Plan and the CTR criteria set forth toxicity objectives for receiving 
water levels of substances that bioaccumulate in aquatic resources to prohibit concentrations of 
toxic substances that are harmful to human health and adversely affect beneficial uses.   

4.1.2 Other Constituents  

This section discusses other constituents that are listed in the Basin Plan, but for reasons 
explained below, are not pollutants of concern for the Project.  
  
BOD (Biochemical Oxygen Demand) and Dissolved Oxygen.  Adequate levels of dissolved 
oxygen are necessary to support aquatic life.  High levels of oxygen demanding substances 
discharged to receiving waters can depress oxygen levels to levels of concern.  Oxygen 
demanding substances are compounds that can be biologically degraded through aerobic 
processes.  The presence of oxygen demanding substances can deplete oxygen supplies in waters 
and can contribute to algal growth.  Nutrients in fertilizers and food wastes in trash are examples 
of likely oxygen demanding compounds to be present on the Project site.  Other biodegradable 
organic materials include human and animal waste and vegetative matter.  Biodegradable 
pollutants are largely subsumed by the nutrients and trash and debris categories above, and 
therefore will not be discussed as a separate category. 
 
Chemical Constituents.  Chemical constituents in excessive amounts in drinking water are 
harmful to human health.  The Basin Plan objective for chemical constituents states: “Surface 
waters shall not contain concentrations of chemical constituents in amounts that adversely affect 
any designated beneficial use.”  As Santa Clara River Reach 5 is not designated with a municipal 
water supply designated use (see Section 2.5.1 above), chemical constituents are not a pollutant 
of concern for the Project. 
 
Temperature.   Increase in temperature can result in lower dissolved oxygen levels, impairing 
habitat and other beneficial uses of receiving waters.  Discharges of wastewater can also cause 
unnatural and/or rapid changes in temperature of receiving waters, which can adversely affect 
aquatic life.  Elevated temperatures are typically associated with discharges of process 
wastewaters or non-contact cooling waters.  As the beneficial uses in the receiving waters for the 
Project include warm freshwater habitat to support warm water ecosystems, temperatures of 
stormwater runoff from the Project are not of concern. 
 
Total Residual Chlorine.  Total residual chlorine can be present in wastewater treatment plant 
discharges, or may be present in dry weather urban runoff from the emptying of swimming pools 
that have not been de-chlorinated.  Chlorine is a strong oxidant and is therefore toxic to aquatic 
life.  Municipal pools and private pools in areas served by a municipal sanitary system are 
required to be discharged into the sanitary system, and therefore, total residual chlorine will not 
be present in runoff from the Project. 
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Color, Taste, and Odor.  The Basin Plan contains narrative objectives for color, taste, or odor 
that cause a nuisance or adversely affect beneficial uses.  Undesirable tastes and odors in water 
may be a nuisance and may indicate the presence of a pollutant(s).  Odor associated with water 
can result from decomposition of organic matter or the reduction of inorganic compounds, such 
as sulfate.  Other potential sources of odor causing substances, such as industrial processes, will 
not occur as part of the Project.  Color in water may arise naturally, such as from minerals, plant 
matter, or algae, or may be caused by industrial pollutants.  As the Project will contain no 
industrial uses, color-, taste-, or odor-producing substances are not pollutants of concern for the 
Project.  
 
Exotic Vegetation.  Non-native (exotic) vegetation typically provides little habitat value and can 
out compete native vegetation that is more suitable habitat for aquatic and terrestrial organisms.  
The Basin Plan objective for exotic vegetation states: “Exotic vegetation shall not be introduced 
around stream courses to the extent that such growth causes nuisance or adversely affects 
designated beneficial uses.”  The potential for non-native plant species to impact natural 
drainages is analyzed in the Landmark Village Draft Environmental Impact Report Biota 
Section. 
 
Mineral Quality: TDS, Sulfate, Boron, and SAR.  Mineral quality in natural waters is largely 
determined by the mineral assemblage of soils and rocks near the land surface.  Elevated mineral 
concentrations could impact beneficial uses; however, the minerals listed in the Basin Plan, 
except chloride and nitrogen, are not believed to be constituents of concern due to the absence of 
river impairments and/or, as with TDS, anticipated post-development runoff concentrations well 
below the Basin Plan objectives (Table 4-1).   Therefore, these constituents are not considered 
pollutants of concern for the Project. 
 

Table 4-1:  Comparison of Mineral Basin Plan Objectives with Mean Measured Values in 
Los Angeles County 

Mineral 

Los Angeles Basin Plan Water 
Quality Objective for SCR Reach 

5 (mg/L) 
Range of Mean Concentration in 

Urban Runoff1 (mg/L) 

Total Dissolved Solids 1000 53 - 226 

Sulfate 400 7 - 35 

Boron 1.5 0.16 – 0.25 

Sodium Absorption Ratio2 10 0.4 – 1.9 
1Source: LACDPW, 2000.  Land uses include SFR, MFR, commercial, education, transportation, light industrial, 
and mixed residential. 
2Sodium adsorption ratio (SAR) predicts the degree to which irrigation water tends to enter into cation-exchange 
reactions in soil. 
 
pH.  The hydrogen ion activity of water (pH) is measured on a logarithmic scale, ranging from 0 
to 14.  While the pH of “pure” water at 25 ºC is 7.0, the pH of natural waters is usually slightly 
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basic due to the solubility of carbon dioxide from the atmosphere.  Aquatic organisms can be 
highly sensitive to pH.  The Basin Plan objective for pH is: 
 

 “the pH of inland surface waters shall not be depressed below 6.5 or raised above 8.5 as a 
result of waste discharges.  Ambient pH levels shall not be changed more than 0.5 units from 
natural conditions as a result of waste discharge.”   

 
Mean runoff concentrations in the Los Angeles County stormwater monitoring data ranged from 
6.5 for mixed- and single-family residential land uses to 7.0 for commercial land use.  Therefore, 
pH in the Santa Clara River is not expected to be affected by runoff discharges from the Project. 
 
PCBs.  PCBs are highly toxic persistent chemicals that have been historically released into the 
environment from industrial uses, such as transformers, but are no longer produced in the United 
States.  Due to their persistence, PCBs can still be detected in urban runoff due to historic 
industrial sources of these chemicals.  The Project area did not historically include PCB-
producing land uses.  Therefore, PCBs are not a pollutant of concern for the Project. 
 
Radioactive Substances.  Radioactive substances typically occur at very low concentrations in 
natural waters.  Some activities such as mining or certain industrial activities (e.g., energy 
production, fuel reprocessing) can increase the amount of radioactive substances impairing 
beneficial uses.  The Project will not have industrial or other activities that would be a source of 
any radioactive substances, and development will stabilize any naturally radioactive soils, though 
unlikely to be present in the Project area.  Therefore, radioactive substances are not a pollutant of 
concern for the Project. 
 
Toxicity.  Certain pollutants in stormwater runoff have the potential to be highly toxic to aquatic 
organisms resulting in effects such as impaired reproduction or mortality.  The Basin Plan water 
quality objective for toxicity is:  
 

“All surface waters shall be maintained free of toxic substances in concentrations that are 
toxic to, or that produce detrimental physiological responses in human, plant, animal, or 
aquatic life.” 

 
Toxicity in urban runoff could be caused by ammonia, trace metals, PAHs, or pesticides.  These 
constituents are subsumed by the pollutant of concern categories above. 
 
4.2 Groundwater Pollutants of Concern 

The Project will allow for incidental infiltration of urban runoff to groundwater after receiving 
treatment in the Project PDFs, as well as incidental infiltration of irrigation water.  Research 
conducted on the effects on groundwater from stormwater infiltration by Pitt et al. (1994) 
indicate that the potential for contamination due to infiltration is dependent on a number of 
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factors including the local hydrogeology and the chemical characteristics of the pollutants of 
concern. 
 
Chemical characteristics that influence the potential for groundwater impacts include high 
mobility (low absorption potential), high solubility fractions, and abundance in runoff, including  
dry weather flows.  As a class of constituents, trace metals tend to adsorb onto soil particles and 
are filtered out by the soils.  This has been confirmed by extensive data collected beneath 
stormwater detention/retention ponds in Fresno (conducted as part of the Nationwide Urban 
Runoff Program (Brown & Caldwell, 1984)) that showed that trace metals tended to be adsorbed 
in the upper few feet in the bottom sediments.  Bacteria are also filtered out by soils.  More 
mobile and soluble pollutants, such as chloride and nitrate, have a greater potential for impacting 
groundwater through infiltration. 

4.2.1 Pollutants of Concern 

The pollutants of concern for the groundwater quality analysis are those that are anticipated or 
potentially could be generated by the Project at concentrations, based on water quality data 
collected in Los Angeles County from land uses that are the same as those included in the 
Project, that exhibit these characteristics.  Identification of the pollutants of concern for the 
Project considered proposed land uses as well as pollutants that have the potential to impair 
beneficial uses of the groundwaters below the Project.  The Los Angeles Basin Plan contains 
numerical objectives for bacteria, mineral quality, nitrogen, and various toxic chemical 
compounds, and contains qualitative objectives for taste and odor. 
 
Nitrate+nitrite-N was chosen as the pollutant of concern for purposes of evaluating groundwater 
quality impacts based upon the above considerations.  High nitrate levels in drinking water can 
cause health problems in humans.  Infants can develop methemoglobinemia (blue-baby 
syndrome).  Human activities and land use practices can influence nitrogen concentrations in 
groundwaters.  For example, irrigation water containing fertilizers can increase levels of nitrogen 
in groundwater.   

4.2.2 Other Constituents 

Bacteria: The Basin Plan contains numeric criteria for bacteria in drinking water sources.  As 
bacteria are removed through straining in soils (for example, as with septic tank discharges), 
incidental infiltration of runoff in the Project treatment PDFs is not expected to affect bacteria 
levels in groundwater.  The WRP will include a disinfection process to reduce bacteria below 
levels of concern, and therefore bacteria in irrigation water are not expected to impact 
groundwater. 
 
Chemical Constituents and Radioactivity: Drinking water limits for inorganic and organic 
chemicals that can be toxic to human health in excessive amounts and radionuclides are 
contained in Title 22 of the California Code of Regulations.  These chemicals and radionuclides 
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are not expected to occur in the Project’s runoff.  Title 22 specifies California’s Wastewater 
Reclamation Criteria (WRC) and the NRSP WRP’s reclaimed water must meet or exceed these 
criteria.  These criteria apply to the treatment processes; treatment performance standards, such 
as removal efficiencies and effluent water quality; process monitoring programs, including type 
and frequency of monitoring; facility operation plans; and necessary reliability features.  Due to 
compliance with these criteria, chemical constituents and radionuclides are not expected to occur 
in irrigation water in amounts that would impact groundwater. 
 
Taste and Odor.  The Basin Plan contains a narrative objective for taste and odor that cause a 
nuisance or adversely affect beneficial uses.  Undesirable tastes and odors in groundwater may 
be a nuisance and may indicate the presence of a pollutant(s).  Odor associated with water can 
result from natural processes, such as the decomposition of organic matter or the reduction of 
inorganic compounds, such as sulfate.  Pollutants causing taste and odor issues are not expected 
to occur in stormwater or irrigation water in amounts that would impact groundwater.  Other 
potential sources of odor causing substances, such as industrial processes, will not occur as part 
of the Project.  Therefore, taste and odor-producing substances are not pollutants of concern for 
the Project.  
 
Mineral Quality: TDS, Sulfate, Chloride, and Boron.  Mineral quality in groundwaters is 
largely influenced by the mineral assemblage of soils and rocks that it comes into contact with.  
Elevated mineral concentrations could impact beneficial uses; however, the minerals listed in the 
Basin Plan are not believed to be pollutants of concern due to the anticipated runoff 
concentrations and the expected mineral concentrations in Newhall Ranch WRP irrigation water, 
which are below the Basin Plan groundwater objectives (Table 4-2). 
 
As required by the CWA, the Newhall Ranch WRP discharge permit includes effluent limitations 
that are protective of receiving water quality and designated beneficial uses (LARWQCB, 2007).  
Effluent limits in the WDR were developed based on the most stringent of applicable 
technology-based and water quality-based standards, including Basin Plan surface and 
groundwater objectives, CTR criteria, and applicable TMDL wasteload allocations.  Therefore, 
these constituents are not considered pollutants of concern for the Project. 
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Table 4-2:  Comparison of Basin Plan Mineral Groundwater Objectives with Mean 
Measured Values in Los Angeles County Urban Runoff and Anticipated Irrigation Water 
Quality 

Mineral 

Los Angeles Basin Plan 
Groundwater Quality 

Objective1 (mg/L) 

Range of Mean 
Concentrations in Urban 

Runoff2 (mg/L) 

Anticipated Average 
Concentration in 
Effluent from the 

NRSP WRP3(mg/L) 

Total Dissolved Solids 1,000 53 – 237 790 

Sulfate 350 7 – 35 165 

Chloride 150 4 – 50 <100 

Boron 1.0 0.2 – 0.3 0.69 
1Eastern Santa Clara-Castaic Valley 
2Source: LACDPW, 2000.  Includes all monitored land uses. 
3Source:  CH2M Hill, 2007. 
 
4.3 Hydrologic Conditions of Concern (Hydromodification) 

Urbanization modifies natural watershed and stream hydrologic and geomorphic processes by 
introducing increased volumes and duration of flow via increased runoff from impervious 
surfaces and drainage infrastructure.  Several studies have evaluated affects of increased runoff 
associated with the introduction of impervious surfaces and drainage facilities on geomorphic 
processes (SCCWRP, 2005a; Geosyntec, 2002; Bledsoe & Watson, 2001; Booth, 1990; Hollis, 
1975; Hammer, 1972).  Potential changes to the hydrologic regime may include increases in 
runoff volumes, frequency of runoff events, long-term cumulative duration, as well as increased 
peak flows.  Urbanization may also introduce dry weather flows where only wet weather flows 
existed prior to development.  These changes are referred to as “hydromodification.”   
 
Hydromodification intensifies sediment transport and often leads to stream channel enlargement 
and loss of habitat and associated riparian species (SCCWRP, 2005a; Geosyntec, 2002; Bledsoe 
& Watson, 2001; MacRae, 1992; Booth, 1990).  Under certain circumstances, development can 
also cause a reduction in the amount of sediment supplied to the stream system, which can lead 
to stream channel incision and widening.  These changes also have the potential to impact 
downstream channels and habitat integrity.  A project that increases runoff due to impervious 
surfaces and traps sediment from upland watershed sources creates compounding effects.   
 
A change to the Project site’s hydrologic regime would be considered a condition of concern if 
the change could have a significant impact on downstream natural channels and habitat integrity, 
alone or in conjunction with impacts of other projects.  
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4.4 Significance Criteria and Thresholds for Significance 

4.4.1 Surface Water Quality Significance Thresholds  

Appendix A provides the criteria for evaluating the significance of a potential impact for each 
pollutant of concern.  These criteria and the threshold for significance can be summarized as 
follows.  The application of the criteria to a decision regarding significance requires an 
integrated or “weight of evidence” approach, rather than a decision based on any one of the 
individual criterion.   
 
Thresholds of significance for surface water quality impacts have been developed based on a 
review of the MS4 Permit and the CEQA Guidelines, Appendix G.  Significant adverse water 
quality impacts are presumed to occur if the proposed Project would:  
 

• Create sizeable additional sources of polluted runoff to receiving waters that would result 
in exceedances of receiving water quality or substantially degrade water quality in 
receiving waters. 

• Create sizeable additional sources of polluted runoff that would violate any water quality 
standards or waste discharge requirements for surface water runoff. 

• Create sizeable additional sources of polluted construction site runoff (including polluted 
discharges associated with construction activities such as materials delivery, staging or 
storage, vehicle or equipment fueling, vehicle or equipment maintenance, waste handling, 
or hazardous materials handling or storage) that would violate any water quality 
standards or waste discharge requirements for surface water runoff or groundwater 
discharge. 

 
This report analyzes whether sizeable additional sources of polluted runoff may result from the 
Project based on the results of water quality modeling and qualitative assessments that take into 
account water quality controls or BMPs that are considered Project Design Features  (PDFs). 
Any increases in pollutant concentrations or loads in runoff resulting from the development of 
the Project site are considered an indication of a potentially significant adverse water quality 
impact.  If loads and concentrations resulting from development are predicted to stay the same or 
to be reduced when compared with existing conditions, it is concluded that the Project will not 
cause a significant adverse impact to the ambient water quality of the receiving waters for that 
pollutant.   
 
If pollutant loads or concentrations are expected to increase, then for both the post-development 
and construction phases, potential impacts are assessed by evaluating compliance of the Project, 
including PDFs, with applicable regulatory requirements of the MS4 Permit, including SQMP 
and SUSMP requirements, the Construction General Permit, and the General Dewatering Permit.  
Further, post-development increases in pollutant loads and concentrations are evaluated by 
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comparing the magnitude of the increase to relevant benchmarks, including receiving water 
TMDLs and receiving water quality objectives and criteria from the Basin Plan and CTR, as 
described below.  
 
Receiving Water Benchmarks.  Comparison of post-development water quality concentrations 
in the runoff discharge with benchmark TMDL wasteload or load allocations for MS4 discharges 
establishes the likelihood that runoff would result in TMDL exceedances in receiving waters or 
would otherwise degrade receiving water quality. 
 
Comparison of post-development water quality concentrations in the runoff discharge with 
benchmark numeric and narrative receiving water quality criteria as provided in the Basin Plan 
and the CTR facilitates analysis of the potential for runoff to result in exceedances of receiving 
water quality standards, adversely affect beneficial uses, or otherwise degrade receiving waters.   
 
Water quality criteria are considered benchmarks for comparison purposes only, as such criteria 
apply within receiving waters as opposed to applying directly to runoff discharges.  Narrative 
and numeric water quality objectives contained in the Basin Plan apply to the Project’s receiving 
waters.  Water quality criteria contained in the CTR provide concentrations that are not to be 
exceeded in receiving waters more than once in a three year period for those waters designated 
with aquatic life or human health related uses.  Projections of runoff water quality are compared 
to the acute form of the CTR criteria (as discussed above), as stormwater runoff is associated 
with episodic events of limited duration, whereas chronic criteria apply to 4-day exposures which 
do not describe typical storm events in the Project area, which last 11 hours on average.  If 
pollutant levels in runoff are not predicted to exceed receiving water benchmarks, it is one 
indication that no significant impacts will result from project development. 
 
As there is no water quality objective or criteria for total aluminum in the Basin Plan or the CTR, 
the national water quality criteria recommended by the USEPA will be used for comparison 
(USEPA, 1988). 
 
MS4 Permit Requirements for New Development (SUSMP).  Satisfaction of MS4 Permit 
requirements for new development, including SUSMP requirements and SQMP requirements, 
and satisfaction of construction-related requirements of the Construction General Permit and 
General Dewatering Permit establish compliance with water quality regulatory requirements 
applicable to stormwater runoff. 
 
The MS4 Permit requires that the SQMP specify BMPs that will be implemented to reduce the 
discharge of pollutants in stormwater to the Maximum Extent Practicable.  MS4 requirements are 
met when new development complies with the SUSMP requirements set forth in the MS4 
Permit.  Under the SUSMP requirements, the essential requirements for compliance are: (1) 
maximizing the percentage of pervious surfaces to allow percolation of storm water into the 
ground; (2) minimizing the quantity of stormwater directed to impervious surfaces and the MS4; 
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and (3) minimizing pollution emanating from parking lots through the use of appropriate 
treatment control BMPs and good housekeeping practices.  The effectiveness of stormwater 
treatment controls are primarily based on two factors - the amount of runoff that is captured by 
the controls and the selection of BMPs to address identified pollutants of concern.  Selection and 
numerical sizing criteria for new development treatment controls are included in the MS4 Permit 
and the County SUSMP Manual.  If the Project PDFs meet MS4 requirements, including sizing 
for treatment controls and other source control and site design BMPs consistent with the SUSMP 
requirements, it indicates that no significant impacts will occur as the result of MS4 Permit 
compliance.   
 
Construction General Permit and General Dewatering Permit.  The Construction General 
Permit requires the development and implementation of a Storm Water Pollution Prevention Plan 
(SWPPP) that describes erosion and sediment control BMPs as well as material management/ 
non-stormwater BMPs that will be used during the construction phase of development. The 
General Dewatering Permit addresses discharges from permanent or temporary dewatering 
operations associated with construction and development and includes provisions mandating 
notification, sampling and analysis, and reporting of dewatering and testing-related discharges.  
To evaluate significance of construction phase Project water quality impacts, we evaluate 
whether water quality control is achieved by implementation of BMPs consistent with Best 
Available Technology Economically Achievable and Best Conventional Pollutant Control 
Technology (BAT/BCT), as required by the Construction General Permit and the General 
Dewatering Permit. 

4.4.2 Significance Thresholds for Hydrologic Conditions of Concern (Hydromodification 
Impacts) 

Thresholds of significance for evaluating hydrologic impacts and conditions of concern have 
been developed based on a review of the MS4 Permit and the CEQA Guidelines, Appendix G.  
Significant adverse impacts to natural drainage systems created by altered hydrologic conditions 
of concern are presumed to occur if the proposed Project would:   
 

• Substantially alter the existing drainage pattern of a natural drainage, stream, or river 
causing substantial erosion, siltation, or channel instability in a manner that substantially 
adversely affects beneficial uses; or 

• Substantially increase the rates, velocities, frequencies, duration and/or seasonality of 
flows causing channel instability and harming sensitive habitats or species in natural 
drainages in a manner that substantially adversely affects beneficial uses. 

4.4.3 Cumulative Impacts 

CEQA requires the analysis of cumulative impacts of a project when the project’s incremental 
effects may be significant when assessed along with the effects of past projects and the effects of 
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other current projects, and the reasonably foreseeable effects of probable future projects.  The 
discussion of cumulative impacts must reflect the potential severity of the impacts and their 
likelihood of occurrence, but the discussion and analysis need not provide as great a detail as is 
provided for the direct effects attributable to the Project alone.  This report therefore analyzes the 
potential for cumulative water quality impacts, cumulative groundwater quality impacts and 
cumulative hydrologic impacts generally in accordance with the thresholds for direct impacts 
discussed in Sections 4.4.1 and 4.4.2 above, and Section 4.4.4 below.   See Sections 7.7, 7.8, and 
7.9 below.   

The cumulative analysis of all surface water quality and hydrologic impacts in this report is 
based primarily on "adopted plans and projections" found in the Los Angeles County 
Department of Public Works adopted and approved Hydrology Manual, which have been 
verified by reference to approved plans, including the City of Santa Clarita and County of Los 
Angeles adopted General Plans, as well as available empirical data for the Santa Clara River.  As 
required by CEQA, the focus of the cumulative impacts analysis for this Project will be on the 
Project's incremental contribution to significant adverse water quality and hydrologic impacts to 
the SCR, taking into account the reasonably foreseeable water quality and hydrologic impacts of 
other projects that may develop impervious surfaces and urban land uses within the SCR 
watershed in accordance with adopted general plans and related projections.  The cumulative 
impacts analysis will consider the Project's incremental contribution to significant cumulative 
water quality and hydrologic impacts to the SCR in light of the water quality and hydrology 
impact mitigation achieved by certain of the PDFs.  The analysis will also consider whether the 
Project, including PDFs, and future projects will comply with specific requirements in a 
previously approved ordinance, plan, or mitigation program (such as the Basin Plan, the CTR, 
the MS4 Permit, the Construction General Permit and the General Dewatering Permit) that have 
been adopted for the purpose of avoiding or substantially lessening the cumulative water quality 
and hydrologic impact problems within the geographic area in which the Project is located. 

4.4.4 Groundwater Quality Impacts 

Thresholds of significance for evaluating the hydrologic and water quality impacts of the Project 
on groundwater have been developed based on CEQA Appendix G thresholds.  Significant 
adverse impacts to groundwater are presumed to occur if the proposed Project would: 
 

• Substantially deplete groundwater supplies or interfere substantially with groundwater 
recharge so as to cause a net deficit in aquifer volume or a lowering of the local 
groundwater table. 

• Through changes in surface water runoff quality and quantity (including Project 
treatment PDFs), and changes in groundwater recharge, result in a violation of any 
groundwater quality standards or waste discharge requirements or otherwise substantially 
degrade water quality. 
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Groundwater quality is addressed in Sections 7.8.1 and 7.8.2.  Groundwater quality benchmarks 
were compared with post-development runoff water quality to establish the likelihood that runoff 
would result in a degradation of groundwater quality.  Groundwater recharge is addressed in 
Section 7.8.3.  The hydrologic effects of the Project on groundwater were examined by 
comparison of historical and present levels of the underlying aquifer to determine the impact of 
development on aquifer volume. 
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5 POST DEVELOPMENT SURFACE WATER QUALITY AND 
HYDROMODIFICATION CONTROL PROJECT DESIGN FEATURES  

Project Design Features (PDFs) for surface water quality and hydrologic impacts include site 
design, source control, treatment control, and hydromodification control BMPs that will be 
incorporated into the Project and are considered a part of the Project for impact analysis.  
Effective management of wet and dry weather runoff water quality begins with limiting increases 
in runoff pollutants and flows at the source.  Site design and source control BMPs are practices 
designed to minimize surface runoff and the introduction of pollutants into runoff.  Treatment 
control BMPs are designed to remove pollutants once they have been mobilized by rainfall and 
runoff.  Hydromodification control BMPs are designed to control increases in post-development 
runoff flows and/or volumes.  This section describes the post-development site design, source 
control, treatment control, and hydromodification control PDFs for the Project.   
 
5.1 SUSMP Requirements and Project Design Features  

Table 5-1 summarizes the SUSMP requirements and the corresponding proposed PDFs that will 
be incorporated into the Project.  

Table 5-1:  SUSMP Requirements and Corresponding Project Design Features 
SUSMP Requirement Criteria/ Description Corresponding Landmark Village PDFs 

1. Runoff Flow 
Control 

• Control post-development peak 
stormwater runoff discharge rates, 
velocities, and duration in Natural 
Drainage Systems to prevent 
accelerated downstream erosion and to 
protect habitat related beneficial uses.5 

• All post-development runoff from a 2-
year, 24-hour storm shall not exceed 
the predevelopment peak flow rate, 
burned, from a 2-year, 24-hour storm 
when the predevelopment peak flow 
rate equals or exceeds five cfs.  
Discharge flow rates shall be calculated 
using the County of Los Angeles 
Modified Rational Method. 

• Post-development runoff from the 50-
year capital storm shall not exceed the 
predevelopment peak flow rate, burned 
and bulked, from the 50-year capital 
storm. 

• Control peak flow discharge to provide 
stream channel and over bank flood 
protection, based on flow design 
criteria selected by the local agency. 

• Hydromodification source controls include 
minimizing impervious surfaces through 
clustering development and using bioretention, 
extended detention, and other vegetated 
treatment control BMPs to disconnect 
impervious surfaces and reduce runoff volumes 
through evapotranspiration and infiltration.   

• 50-year capital storm peak flow rate analysis is 
contained in the “Landmark Village Tentative 
Tract Map 53108 Drainage Concept”, prepared 
by Psomas (Psomas, 2006) 

                                                 
5 This requirement is from Part 4, § D.1 of the MS4 Permit. 
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SUSMP Requirement Criteria/ Description Corresponding Landmark Village PDFs 

2. Conserve Natural 
Areas 

• Concentrate or cluster development on 
portions of a site while leaving the 
remaining land in a natural undisturbed 
condition 

• Limit clearing and grading of native 
vegetation at a site to the minimum 
amount needed to build lots, allow 
access, and provide fire protection 

• Maximize trees and other vegetation at 
each site, planting additional 
vegetation, clustering tree areas, and 
promoting the use of native and/or 
drought tolerant plants 

• Promote natural vegetation by using 
parking lot islands and other 
landscaped areas 

• Preserve riparian areas and wetlands  

• The NRSP clusters development into villages, 
including Landmark Village.  Approximately 
70% (8,335 acres) of the NRSP subregion will 
remain undeveloped. 

• Approximately 59.6 acres of the 292.6 acre 
Landmark Village Project area will remain as 
trails, parks, and vegetated slopes and water 
quality BMPs. 

• Existing site land use is agriculture, so little or 
no native vegetation is found in pre-
development conditions. 

• Site clearing and grading will be limited as 
necessary to allow development, allow access, 
and provide fire protection. 

• Native and/or non-native/non-invasive 
vegetation will be utilized within the 
development.   

• The final Project stormwater system will include 
the use of the vegetated treatment BMPs, 
including bioretention (placed in common area 
landscaping in commercial and multi-family 
residential areas, roadway median strips, and 
parking lot islands (where applicable), vegetated 
swales, and an extended detention basin.  

• Riparian buffers will be preserved along the 
Santa Clara River corridor by clustering 
development upland and away from the river.   

3. Minimize 
Stormwater 
Pollutants of 
Concern 

• Minimize, to the maximum extent 
practicable, the introduction of 
pollutants of concern that may result in 
significant impacts generated from site 
runoff of directly connected impervious 
areas (DCIA) to the stormwater 
conveyance system as approved by the 
building official.  

• Treatment control BMPs will be selected to 
address the pollutants of concern for the Project 
(see Section 5.3 below).  These BMPs are 
designed to minimize introduction of pollutants 
to the Maximum Extent Practicable (MEP). 

• The Project will include numerous source 
controls, including education programs, animal 
waste bag stations, street sweeping and catch 
basin cleaning, an Integrated Pest Management 
(IPM) Program for common area landscaping in 
commercial areas and multi-family residential 
areas, use of native and/or non-native/non-
invasive vegetation, and installation of a car 
wash pad in multi-family residential areas.  

• An education program will be implemented that 
includes both the education of residents and 
commercial businesses regarding water quality 
issues.  Topics will include services that could 
affect water quality, such as carpet cleaners and 
others that may not properly dispose of cleaning 
wastes; community car washes; and residential 
car washing. The education program will 
emphasize animal waste management, such as 
the importance of cleaning up after pets and not 
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SUSMP Requirement Criteria/ Description Corresponding Landmark Village PDFs 
feeding pigeons, seagulls, ducks, and geese. 

• Vegetated treatment control BMPs will allow for 
infiltration of treated stormwater.  

• Landscape watering in common areas, 
commercial areas, multiple family residential 
areas, and in parks will use efficient reclaimed 
water irrigation technologies with centralized 
irrigation controls. 

4. Protect Slopes and 
Channels 

Project plans must include BMPs consistent 
with local codes and ordinances and the 
SUSMP requirements to decrease the 
potential of slopes and/or channels from 
eroding and impacting stormwater runoff: 
• Convey runoff safely from the tops of 

slopes and stabilize disturbed slopes 
• Utilize natural drainage systems to the 

maximum extent practicable 
• Control or reduce or eliminate flow to 

natural drainage systems to the 
maximum extent practicable 

• Stabilize permanent channel crossings 
• Vegetate slopes with native or drought 

tolerant vegetation 
• Install energy dissipaters, such as 

riprap, at the outlets of new storm 
drains, culverts, conduits, or channels 
that enter unlined channels in 
accordance with applicable 
specifications to minimize erosion with 
the approval of all agencies with 
jurisdiction, e.g., the U.S. Army Corps 
of Engineers and the California 
Department of Fish and Game. 

• There are no significant slopes or natural 
drainage channels within the developed portion 
of the Project in the post-developed condition.   

• Natural slopes and native vegetation on slopes 
adjacent to the SCR will be preserved and/or, if 
impacted during construction, they will be 
restored and enhanced.  Native plants will be 
used in all plant palettes placed on restored 
slopes. 

• Project PDFs, including swales, bioretention 
areas, and water quality basins (hydrologic 
source controls), will reduce flows to natural 
channels through infiltration and 
evapotranspiration. 

• The banks of the Santa Clara River at portions 
of this site will be stabilized primarily using  
buried bank stabilization per the Newhall Ranch 
Resource Management and Development Plan 
(RMDP).  After the implementation of these 
measures and other flow control and volume 
reduction PDFs, the Santa Clara River will be 
capable of handling the expected flow volumes, 
velocities, and durations with little or no 
erosion.  For a detailed description of bank 
stabilization see Section 2.3.3. 

• All outlet points to the Santa Clara River will 
include energy dissipaters per the Newhall 
Ranch RMDP.  For a detailed description of 
energy dissipation see Section 2.3.2. 

5. Provide Storm 
Drain System 
Stenciling and 
Signage 

• All storm drain inlets and catch basins 
within the Project area must be 
stenciled with prohibitive language 
and/or graphical icons to discourage 
illegal dumping. 

• Signs and prohibitive language and/or 
graphical icons, which prohibit illegal 
dumping, must be posted at public 
access points along channels and creeks 
within the Project area. 

• Legibility of stencils and signs must be 
maintained. 

• All storm drain inlets and water quality inlets 
will be stenciled or labeled. 

• Signs will be posted in areas where dumping 
could occur. 

• The County, a Landscape or Local Maintenance 
District (LMD), Home Owners Association 
(HOA), or other maintenance entity will 
maintain stencils and signs. 
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SUSMP Requirement Criteria/ Description Corresponding Landmark Village PDFs 

6. Properly Design 
Outdoor Material 
Storage Areas 

• Where proposed Project plans include 
outdoor areas for storage of materials 
that may contribute pollutants to the 
storm water conveyance system 
measures to mitigate impacts must be 
included. 

• Pesticides, fertilizers, paints, and other 
hazardous materials used for maintenance of 
common areas, parks, commercial areas, and 
multifamily residential common areas will be 
kept in enclosed storage areas. 

7. Properly Design 
Trash Storage 
Areas 

All trash containers must meet the 
following structural or treatment control 
BMP requirements: 
• Trash container areas must have 

drainage from adjoining roofs and 
pavement diverter around the areas. 

• Trash container areas must be screened 
or walled to prevent offsite transport of 
trash. 

• All outdoor trash storage areas will be covered 
and isolated from stormwater runoff. 

8. Provide Proof of 
Ongoing BMP 
Maintenance 

• Applicant required to provide 
verification of maintenance provisions 
through such means as may be 
appropriate, including, but not limited 
to legal agreements, covenants, and/or 
Conditional Use Permits. 

• Depending on the type and location of the BMP, 
either the County, a Landscape or Local 
Maintenance District (LMD), or Home Owners 
Association (HOA) will be responsible for 
maintenance.  The County will have the right, 
but not the duty, to inspect and maintain the 
BMPs that are maintained by the HOA or LMD, 
at the expense of the HOA or LMD, if they are 
not being properly maintained. 

• The Home Owners Associations or commercial/ 
business owners will be responsible for 
operation and maintenance of site-based BMPs 
(such as bioretention placed in common area 
landscaping in multi-family residential areas and 
commercial areas).  

• Los Angeles County Department of Public 
Works will be responsible for maintenance of 
village-level and sub-regional BMPs (vegetated 
swales and extended detention basins). 
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SUSMP Requirement Criteria/ Description Corresponding Landmark Village PDFs 

9. Design Standards 
for Structural or 
Treatment Control 
BMPs 

• Post-construction Structural or 
Treatment Control BMPs shall be 
designed to mitigate (infiltrate or treat) 
stormwater runoff using either 
volumetric treatment control BMPs or 
flow-based treatment control BMPs 
sized per listed criteria (see section 
3.6.2 above). 

• Stormwater treatment facilities will be designed 
to meet or exceed the sizing standards in the Los 
Angeles County SUSMP requirements.   

• Volume-based treatment control BMPs for the 
Project will be designed to capture 80 percent or 
more of the annual runoff volume per Criteria 2 
of the MS4 Permit. 

• Flow-based BMPs will be sized using Criteria 3, 
which will provide 80 percent capture of annual 
runoff volume per criteria of the MS4 Permit. 

• The size of the facilities will be finalized during 
the design stage by the project engineer with the 
final hydrology study, which will be prepared 
and approved to ensure consistency with this 
analysis prior to issuance of a final grading 
permit. 

• Types of treatment control BMPs that will be 
employed include vegetated swales, 
bioretention, and dry extended detention basins, 
and a combination thereof (see Figure 5-1). 

10.B.1  Properly Design 
Loading/ Unloading 
Dock Areas (100,000 
ft2 Commercial 
Developments) 

• Cover loading dock areas or design 
drainage to minimize run-on and runoff 
of stormwater 

• Direct connections to storm drains from 
depressed loading docks (truck wells) 
are prohibited 

• Loading dock areas will be covered or designed 
to preclude run-on and runoff.   

• Direct connections to storm drains from 
depressed loading docks (truck wells) will be 
prohibited.   

• Below grade loading docks for fresh food items 
will drain through a Treatment Control BMP 
applicable to the use, such as a catch basin 
insert.   

• Loading docks will be kept in a clean and 
orderly condition through weekly sweeping and 
litter control, at a minimum and immediate 
cleanup of spills and broken containers without 
the use of water. 

10B.2.  Properly Design 
Repair/ Maintenance 
Bays (100,000 ft2 
Commercial 
Developments) 

• Repair/ maintenance bays must be 
indoors or designed in such a way that 
does not allow stormwater run-on or 
contact with stormwater runoff. 

• Design a repair/maintenance bay 
drainage system to capture all wash 
water, leaks, and spills.  Connect drains 
to a sump for collection and disposal.  
Direct connection of the repair/ 
maintenance bays to the storm drain 
system is prohibited.  If required by 
local jurisdiction, obtain an Industrial 
Waste Discharge Permit. 

• Commercial areas will not have 
repair/maintenance bays or the bays will comply 
with design requirements. 



 

84 

SUSMP Requirement Criteria/ Description Corresponding Landmark Village PDFs 

10B.3.  Properly Design 
Vehicle/ Equipment 
Wash Areas (100,000 
ft2 Commercial 
Developments) 

• Self-contained and /or covered, 
equipped with a clarifier, or other 
pretreatment facility, and properly 
connected to a sanitary sewer. 

• Areas for washing/steam cleaning of vehicles 
will be self-contained or covered with a roof or 
overhang; will be equipped with a wash racks 
and with the prior approval of the sewering 
agency; will be equipped with a clarifier or other 
pretreatment facility: and will be properly 
connected to a sanitary sewer.  

10.C.  
Properly Design 
Equipment/ Accessory 
Wash Areas 
(Restaurants)   

• Self-contained, equipped with a grease 
trap, and properly connected to a 
sanitary sewer. 

• If the wash area is to be located 
outdoors, it must be covered, paved, 
have secondary containment, and be 
connected to the sanitary sewer. 

• Food preparation areas shall have either 
contained areas or sinks, each with sanitary 
sewer connections for disposal of wash waters 
containing kitchen and food wastes.   

• If located outside, the containment areas or sinks 
shall also be structurally covered to prevent 
entry of storm water.  Adequate signs shall be 
provided and appropriately placed stating the 
prohibition of discharging washwater to the 
storm drain system. 

10.D.  Properly design 
fueling area (Retail 
Gasoline Outlets) 

• The fuel dispensing area must be 
covered with an overhanging roof 
structure or canopy. The cover’s 
minimum dimensions must be equal to 
or greater than the area within the grade 
break. The cover must not drain onto 
the fuel dispensing area and the 
downspouts must be routed to prevent 
drainage across the fueling area.  

• The fuel dispensing area must be paved 
with Portland cement concrete (or 
equivalent smooth impervious surface). 
The use of asphalt concrete shall be 
prohibited. 

• The fuel dispensing areas must have a 
2% to 4% slope to prevent ponding, 
and must be separated from the rest of 
the site by a grade break that prevents 
run-on of urban runoff. 

• At a minimum, the concrete fuel 
dispensing area must extend 6.5 feet 
(2.0 meters) from the corner of each 
fuel dispenser, or the length at which 
the hose and nozzle assembly may be 
operated plus 1 foot (0.3 meter), 
whichever is less. 

• Retail gasoline outlets will comply with design 
requirements. 

10.E.1.  Properly design 
fueling area 
(Automotive Repair 
Shops) 

• See requirement 10.D. above. • Automotive repair shop fueling areas will 
comply with design requirements. 
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SUSMP Requirement Criteria/ Description Corresponding Landmark Village PDFs 

10.E.2. Properly 
design repair/ 
maintenance bays 
(Automotive Repair 
Shops) 

• See requirement 10.B.2 above. • Automotive repair shop repair/maintenance bays 
will comply with design requirements. 

10.E.3.  Properly design 
vehicle/equipment wash 
areas (Automotive 
Repair Shops) 

• Self-contained and/or covered, 
equipped with a clarifier, or other 
pretreatment facility, and properly 
connected to a sanitary sewer or to a 
permitted disposal facility. 

• Automotive repair shop vehicle/equipment wash 
areas will comply with design requirements. 

10.E.4.  
Properly design 
loading/unloading dock 
areas (Automotive 
Repair Shops) 

• See requirement 10.B.1. above. • Automotive repair shop loading/unloading dock 
areas will comply with design requirements. 

10.F.1.  Properly 
Design Parking Area 
(Parking Lots) 

•  Reduce impervious land coverage of 
parking areas 

• Infiltrate runoff before it reaches the 
storm drain system 

• Treat runoff before it reaches storm 
drain system 

• Commercial and multi-family parking lots will 
incorporate bioretention facilities located in 
islands to promote filtration and infiltration of 
runoff. 

• Stormwater runoff from parking lots will be 
directed to treatment control BMPs, including 
swales, water quality basins, bioretention areas, 
and/or catch basin media filters in compliance 
with SUSMP requirements. 

10.F.2  Properly Design 
to Limit Oil 
Contamination and 
Perform Maintenance 
(Parking Lots) 

• Treat to remove oil and petroleum 
hydrocarbons at parking lots that are 
heavily used. 

• Ensure adequate operation and 
maintenance of treatment systems 
particularly sludge and oil removal  

• See above. 
• Treatment of runoff in detention basins, 

bioretention areas, or vegetated swales, and 
catch basin inserts will be used to address oil 
and petroleum hydrocarbons from high-use 
parking lots. 

• The Home Owners Associations or Business 
Owners will be responsible for operation and 
maintenance of treatment control BMPs that 
serve private parking lots. 

13.  Limitation of Use 
of Infiltration BMPs 

• Infiltration is limited based on design 
of BMP, pollutant characteristics, land 
use, soil conditions, and traffic.  

• Appropriate conditions (groundwater 
>10 ft from grade) must exist to utilize 
infiltration to treat and reduce 
stormwater runoff for the Project. 

• Per the LARWQCB Clarification Letter 
(LARWQCB, 2006), generally, the common 
pollutants in stormwater are filtered or adsorbed 
by soil, and unlike hydrophobic solvents and 
salts, do not cause groundwater contamination. 
In any case, infiltration of 1-2 inches of rainfall 
in semi-arid areas like Southern California 
where there is a high rate of evapo-transpiration, 
presents minimal risks. 

• The proposed treatment control BMPs are not 
considered infiltration BMPs; they allow for 
infiltration of fully-treated runoff only. 
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5.2 Low Impact/Site Design BMPs 

The purpose of low impact/site design BMPs is, to the extent feasible, to mimic the pre-
developed hydrologic regime.  This low impact/site design philosophy is often referred to as 
Low Impact Development (LID).  The primary goals of low impact/site design BMPs are to 
maintain a landscape functionally equivalent to predevelopment hydrologic conditions and to 
minimize the generation of pollutants of concern.  
  
Low impact/site design principles include: 
 

Minimize Impervious Area/Maximize Permeability – Principles include preserving natural 
open space, reducing impervious surfaces such as roads, using more permeable paving 
materials, reducing street widths, using minimal disturbance techniques during development 
to avoid soil compaction, reducing the land coverage of buildings by building taller and 
narrower footprints, minimizing the use of impervious materials such as decorative concrete 
in landscape design, and incorporating detention or infiltration into landscape design.  
  
Minimize Directly Connected Impervious Areas (DCIAs) – Minimizing DCIA can be 
achieved by directing runoff from impervious areas to vegetated areas (e.g., landscaped areas 
or vegetated treatment control BMPs) or to infiltration BMPs. 
 
Conserve Natural Areas – Conserving and protecting native soils, vegetation, and stream 
corridors helps to mimic the site’s natural hydrologic regime.  This may be accomplished by 
clustering development within portions of the site to conserve as much natural open space as 
possible, limiting the extent of clearing and grading of native vegetation, planting additional 
vegetation, using native and/or non-native/non-invasive vegetation in parking lot islands and 
other landscape areas, and preserving and/or restoring riparian areas and wetlands. 
 
Select Appropriate Building Materials – Use of appropriate building materials reduces the 
generation and discharge of pollutants of concern in runoff (and is therefore also a source 
control BMP). 
 
Protect Slopes and Channels – Protecting slopes and channels reduces the potential for 
erosion and preserves natural sediment supply. 

 
5.2.1 Consideration of Spatial Scale 

Low impact/site design implementation for the Project occurs at different spatial scales of 
development.  These spatial scales are listed below, from larger to smaller scale: 
 

• Ranch scale – the Newhall Ranch Specific Plan sub-region; 

• Village scale – the Landmark Village project; 



 

87 

• Land use scale – single family residential, multi-family residential, commercial, 
education, parks, and roadways within the Landmark Village project, and 

• Lot or parcel scale – individual lots or parcels within the Landmark Village project. 

5.2.2 Landmark Village Low Impact/Site Design BMPs 

Table 5-2 below lists the low impact/site design BMPs that will be implemented by the Project at 
each spatial scale. 

Table 5-2:  Landmark Village Low Impact/Site Design BMPs 
Spatial Scale Corresponding Low Impact/Site Design BMP 

The Newhall Ranch Specific Plan (NRSP) clusters development into villages.  
Approximately 70% (8,335 acres) of the NRSP subregion will remain undeveloped Open 
Areas. 

A system of Open Areas will weave through the NRSP area.  The Open Areas include 
community parks, prominent ridges, bluffs, slopes, creek beds, and utility and trail 
system easements, and would often function as a transition between development areas 
and the Special Management Areas (SMAs), which include the Santa Clara River 
corridor as well as the Newhall Ranch High Country. The Open Areas are designed to 
protect significant landforms and natural resources, and to provide an opportunity to 
protect natural resources from the proposed development. 

The NRSP Land Use Plan designates a total of approximately 5,200 acres for the SMAs.  
These SMAs are designed to protect the existing natural resources within Los Angeles 
County’s Significant Ecological Areas SEA 20 and SEA 23. 

The nearly 1,000-acre Santa Clara River Corridor SMA is designed to protect the 
sensitive biological resources in SEA 23. The River Corridor SMA will be dedicated to 
the Center for Natural Lands Management, and the Center will assume responsibility for 
management of this area.   

The largest land use designation of the NRSP Land Use Plan is the approximately 4,200-
acre High Country SMA/SEA 20. The High Country SMA/SEA 20 is located in the 
southern portion of the sub-region and includes oak savannahs, high ridgelines, and 
various canyon drainages including Salt Creek, a regionally significant wildlife corridor 
that provides an important habitat link to the Santa Clara River. The High Country 
SMA/SEA 20 will be dedicated in fee to the Newhall Ranch Joint Powers Authority 
(JPA) consisting of the County of Los Angeles, the City of Santa Clarita, and the Santa 
Monica Mountains Conservancy, and this JPA will assume responsibility for 
management of this area.   

As a result of approval of the NRSP, the 1,500-acre portion of the Salt Creek watershed 
situated in Ventura County, which is under the ownership of Newhall Land, will be 
dedicated to the JPA.  This dedication area is west of Newhall Ranch, and will be 
managed in the same manner as the High Country SMA, discussed above. 

Ranch Scale 

Two conservation easements have been granted to CDFG for the purpose of conserving 
populations of spineflower that occur on the NRSP area. 



 

88 

Spatial Scale Corresponding Low Impact/Site Design BMP 
Impervious areas will be minimized by incorporating landscaped areas into each village, 
including Landmark Village.  Approximately 59.6 acres (20%) of the 292.6 gross acre 
Landmark Village project tract map area will remain as trails, parks, and vegetated 
slopes and water quality treatment BMPs.  Additional landscaped areas will be provided 
in conjunction with the residential and commercial uses, resulting in approximately 39% 
of the tract map site being pervious. 

The Landmark Village stormwater treatment system will provide treatment control for 
100% of post-development impervious surface via the use of vegetated treatment BMPs 
that provide for volume reduction through infiltration and evapotranspiration, including 
one or more of the following volume reduction BMPs: bioretention, vegetated swales, 
and a dry extended detention basin.  See Figure 5-1 and Tables 5-4 through 5-7. 

In areas not subject to mass grading, the smallest site disturbance area possible will be 
delineated and flagged; temporary storage of construction equipment will be restricted in 
these areas to minimize soil compaction on site.  Site clearing and grading will be limited 
to the footprint necessary to allow development, access, and provide fire protection. 

The Santa Clara River Corridor and Chiquita Canyon, Long Canyon and Castaic Creek 
will be largely preserved, and development impacts to these resources will be minimized. 
An average buffer (the distance between the existing riparian resources and the Regional 
River Trail) of 100 feet will be provided along the Santa Clara River corridor; 
additionally, commercial, residential, and mixed use development will be setback 100 
feet from the Regional River Trail outside of the Santa Clara River SMA/SEA 23, which 
will further separate development from the Santa Clara River corridor.  

Landmark Village 
Scale 

Natural slopes and native vegetation on slopes adjacent to the Santa Clara River will be 
restored and enhanced. 

Streets, sidewalks, and parking lot aisles will be constructed to the minimum widths 
specified in the NRSP and in compliance with regulations for the Americans with 
Disabilities Act and safety requirements for fire and emergency vehicle access.   

Portions of the Santa Clara River Regional River Trail will incorporate granular 
materials, or other pervious materials. 

Native and/or non-native/non-invasive, climate-appropriate vegetation that requires less 
watering and chemical application will be utilized within the common area landscaping 
in commercial areas and multi-family residential areas.  

Impervious surfaces will be minimized in common area landscape design for commercial 
areas and multi-family residential areas. 

Land Use Scale 

Landscape watering in common areas, commercial areas, multiple family residential 
areas, and parks will use efficient reclaimed water irrigation technologies with 
centralized irrigation controls.  Efficient irrigation for common area irrigation systems 
will include a combination of the following techniques: 
• Low volume irrigation systems will be used, including low volume sprinkler heads, 

drip emitters, and bubbler emitters, to minimize water use. 
• “Smart” irrigation controllers will be installed to control the amount of time 

irrigation systems are operated each day.  These may include satellite controlled 
sensors or other equally effective technology. 
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Spatial Scale Corresponding Low Impact/Site Design BMP 
Bioretention will be placed within the road right-of-way along “A” Street. 

Runoff from most sidewalks, walkways, trails, and patios will be directed into adjacent 
landscaping or to vegetated swales. 

Bioretention areas or vegetated swales will collect and treat runoff from some of the 
commercial and multi-family residential areas.  These bioretention areas will be located 
in parking lot islands and other on-site landscaped areas.   

Landscape areas will be integrated into each site. 

Porous pavement will be used in some parking and low traffic areas. 

Building materials for roof gutters and downspouts will not include copper or zinc. 

Lot Scale 

Future structures will direct rooftop runoff through landscaped areas to the extent 
feasible. 

 
 
5.3 Treatment BMPs 

The SUSMP requirements mandate that treatment controls address the pollutants of concern, 
which are defined in the SUSMP Manual as consisting of any pollutants that exhibit one or more 
of the following characteristics: current loadings or historic deposits of the pollutant are 
impacting the beneficial uses of a receiving water, elevated levels of the pollutant are found in 
sediments of a receiving water and/or have the potential to bioaccumulate in organisms therein, 
or the detectable inputs of the pollutant are at concentrations or loads considered potentially toxic 
to humans and/or flora and fauna.  These parameters were considered in defining pollutants of 
concern for analysis.  See Section 4.1 of this report.  Pollutants of concern for the Project 
include: 
 

• Sediments (TSS and Turbidity) 

• Nutrients (Total Phosphorus, Nitrate-N + Nitrite-N, Ammonia-N, and Total Nitrogen)  

• Trace Metals (Aluminum, Copper, Lead, and Zinc) 

• Pathogens (Bacteria, Viruses, and Protozoa)  

• Petroleum Hydrocarbons (Oil and Grease and PAHs)  

• Pesticides  

• Trash & Debris 

• Chloride  

• Methylene Blue Activated Substances (MBAS) 

• Cyanide   
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Treatment BMPs to be used for the Project are listed in Table 5-2, along with the pollutants of 
concern addressed by each. 
  

 Table 5-3: Treatment Control BMP Selection Matrix 
Treatment Control BMP Categories Pollutant of 

Concern1 
Vegetated Swale Bioretention  

Extended Detention 
Basins 

Sediment M H M 

Nutrients L M L 

Trash  L H H 

Trace Metals M H M 

Bacteria L H M 

Organics2 M H M 
Source: California Stormwater Best Management Practices Handbook for New Development and Redevelopment 
(CASQA, 2003)  
Note: H, M, L, indicates high, medium, and low removal efficiency. 
1Chloride and MBAS are addressed with source control BMPs, as they are not treatable in typical stormwater 
treatment BMPs, aside through incidental infiltration.  
2Includes pesticides and petroleum hydrocarbons. 
 

As currently planned, stormwater runoff from all developed areas within the Project will be 
routed to bioretention areas, vegetated swales, and/or extended detention basin treatment control 
BMPs (Figure 5-1).  Catch basin inserts will also be used in high use parking lots.  Collectively, 
the water quality treatment control PDFs will treat the pollutants of concern in runoff from the 
approximately 292.6 gross acre Landmark Village development area.  The off-site SR-126 
expansion Project will provide vegetated swale treatment for both the new and existing untreated 
roadway area.  The utility corridor maintenance access road and potential future trail, as well as 
the water tanks and access roads, will drain to biofiltration treatment (vegetated swale or filter 
strip) or bioretention treatment.  The extended detention basin, vegetated swales, and 
bioretention areas will be designed to operate off-line, receiving dry weather flows, small storm 
flows, and the initial portion of large storm flows from a low-flow diversion structure in the 
storm drain.  The proposed treatment control PDFs are illustrated in Figure 5-1, are summarized 
in Table 5-4 through Table 5-6, and are described below.  The preliminary sizing of the treatment 
control facilities is provided here and in the Landmark Village Drainage Concept Report 
(Psomas, 2006).  Facility sizing will be finalized by the project engineer with the final hydrology 
study prior to issuance of a grading permit, which will be prepared and approved to ensure 
consistency with this analysis. 
 
These treatment BMPs, when combined with the site design and source control BMPs described 
above, will address all of the pollutants of concern.  The effectiveness of the selected treatment 
BMPs is described in detail in Appendix B, Section B.2.5.  The effectiveness of treatment BMPs 
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is evaluated without taking site design and source control BMPs into account.  Therefore, the 
analysis is conservative in that it understates water quality controls. 
 
Bioretention: Bioretention areas are vegetated (i.e., landscaped) shallow depressions that provide  
storage, infiltration, and evapotranspiration, and also provide for pollutant removal (e.g. 
filtration, adsorption, nutrient uptake) by filtering runoff through the vegetation and soils.  In 
bioretention areas, as well as in vegetated swales, pore spaces and organic material in the soils 
help to retain water in the form of soil moisture and to promote the adsorption of pollutants (e.g., 
dissolved metals and petroleum hydrocarbons) into the soil matrix.  Plants utilize soil moisture 
and promote the drying of the soil through transpiration.  A conceptual illustration of a 
biofiltration area is shown in Figure 5-2, and photographs of existing bioretention areas are 
provided in Figure 5-3. 
  
Vegetated Swales: Vegetated swales are engineered vegetation-lined channels that provide water 
quality treatment in addition to conveying runoff.  Swales provide pollutant removal through 
settling and filtration in the vegetation (often grasses) lining the channels and also provide the 
opportunity for volume reduction through infiltration and evapotranspiration. Swales are most 
effective where longitudinal slopes are small (2 percent to 6 percent), thereby increasing the 
residence time for treatment, and where water depths are less than the vegetation height. A 
conceptual illustration of a vegetated swale is shown in Figure 5-4 and photographs of existing 
swales are provided in Figure 5-5. 
 
Extended Detention Basins:  Extended detention basins (EDBs) store stormwater runoff for 
sufficient periods of time to promote the removal of pollutants primarily through sedimentation.  
Dry extended detention basins are designed with outlets that detain the runoff volume from the 
water quality design storm for some minimum time (in this case 48 hours) to allow particulates 
and associated pollutants (phosphorus, trace metals, some pesticides, and other pollutants) to 
settle out.  These basins are not designed or anticipated to contain standing water for periods in 
excess of 48 hours.  The EDBs will also incorporate a series of gravel-filled subsurface flow 
trenches that will provide water quality treatment and facilitate evapotranspiration (ET) and 
percolation of dry weather flows and small storm events within the basin footprint.  As runoff 
flows through the trenches, pollutant removal is achieved through settling and biological uptake 
of nutrients and dissolved pollutants within the wetland plants that will grow within the trenches, 
filtration within the trench gravel, and percolation into underlying soils.  In addition, a specially 
constructed dry well that will support deep subsurface percolation of dry weather flows that may 
exceed the capacity of the gravel trenches will be provided.  It is anticipated that the dry well 
will receive water primarily during the winter months, when ET rates are lower.  A conceptual 
illustration of an extended detention basin is shown in Figure 5-6 and photographs of existing 
basins are provided in Figure 5-7.  
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Table 5-4:  Extended Detention Basin Treatment Control BMP 

BMP ID 
Tributary Area 

ID(s) 
Tributary Area 

(acres) 
Catchment % 

Imperviousness1 

Minimum Basin 
Volume Required2 

(ac-ft) 

RVC-21Db 

RVC-22D  
RVC-23E  
RVC-24E  

RVC-21Db 

50.5  90% 4.25 

1 Imperviousness based on area weighted average of land use-based values from Los Angeles County Hydrology 
Manual. 
2 Basin sized using SWMM catchment-specific modeling results to capture and treat 80% of annual average runoff.  
Additional storage will be provided for sediment storage and freeboard requirements.  Stormwater treatment 
facilities will be designed to meet or exceed the sizing standards contained in the SUSMP Manual. 
 

Table 5-5: Bioretention Treatment Control BMPs 

BMP ID 
Tributary Area 

ID(s) 
Tributary Area 

(acres) 
Catchment % 

Imperviousness1 

Minimum Area 
Required2 

(acre) 

RVE-8A RVE-8A 22.8  61% 0.61 

RVE-9A RVE-9A 5.7  61% 0.15 

RVC-12C 

RVE-27B 
RVE-28B RVC-2A 

RVC-3A  
RVC-7A  
RVC-8A  
RVC-12C 

53.8  58% 1.39 

1 Imperviousness based on area weighted average of land use-based values from Los Angeles County Hydrology 
Manual. 
2 Bioretention area sized to capture and treat 80% of annual average runoff.  Bioretention area based on a ponding 
depth of 18 inches, 2-ft media depth, and underdrain present.  Stormwater treatment facilities will be designed to 
meet or exceed the sizing standards contained in the SUSMP Manual. 
 

Table 5-6: Vegetated Swale Treatment Control BMPs 

BMP ID 
Tributary Area 

ID(s) 
Tributary Area 

(acres) 
Catchment % 

Imperviousness1 

Minimum Design 
Flow Rate2 

(cfs) 

RVE-12C RVE-11B  
RVE-12C 17.4  59% 3.01 

RVE-16D RVE-13C  
RVE-16D 18.6  61% 3.29 

RVE-21F RVE-17D 
RVE-21F 18.7  57% 3.15 

RVE-24F RVE-20E 
RVE-24F 19.8  65% 3.69 

RVE-29B RVE-25F 
RVE-29B 15.5  55% 2.54 
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BMP ID 
Tributary Area 

ID(s) 
Tributary Area 

(acres) 
Catchment % 

Imperviousness1 

Minimum Design 
Flow Rate2 

(cfs) 

RVC-13C RVC-13C 1.5 35% 0.17 

RVC-17C RVC-11B 
RVC-17C 18.5  63% 3.37 

RVC-21Da RVC-18C 
RVC-21Da 18.7  64% 3.44 

RVW-2Aa RVW-1A 10.8  65% 2.03 

RVW-2Ab RVW-2A 14.7  73% 3.05 
1 Imperviousness based on area weighted average of land use-based values from Los Angeles County Hydrology 
   Manual. 
2  Design flow rate based on an intensity of 0.3 in/hr.  Stormwater treatment facilities will be designed to meet or 
exceed the sizing standards contained in the SUSMP Manual.   

 
5.4 Hydromodification Control PDFs 

Post-development flows will be directed to the Santa Clara River after treatment; no flows will 
be directed to tributaries to the Santa Clara River.  A series of progressive hydromodification 
control measures will be used in the Project to prevent and control hydromodification impacts to 
the Santa Clara River: 
 

• Avoid, to the extent possible, the need to mitigate for hydromodification impacts by 
preserving natural hydrologic conditions and protecting sensitive hydrologic features, 
sediment sources, and sensitive habitats.   

• Minimize the effects of development through low impact/site design practices (e.g., 
reducing connected impervious surfaces) and implementation of stormwater volume-
reducing BMPs (project-based hydrologic source control).   

• Mitigate hydromodification impacts in-stream using geomorphically-based channel 
design. 

5.4.1 Hydrologic Source Control  

Disconnecting impervious areas from the drainage network and adjacent impervious areas is a 
key approach to protecting channel stability.  Several hydrologic source controls will be included 
in the Project that will limit impervious area and disconnect imperviousness to avoid and 
minimize hydromodification impacts:  
 

• Low Impact/Site Design.  Low impact/site design PDFs that help to reduce the increase 
in runoff volume include the clustering of development into village areas, leaving large 
amounts of undeveloped open space within the NRSP subregion (of which Landmark 
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Village is a part); routing of stormwater runoff to vegetated areas and/or vegetated 
BMPs; use of native or non-native/non-invasive plants in landscaped areas; and the use of 
efficient irrigation systems in common area landscaped areas.   

• Treatment Controls.  The Project’s treatment control BMPs will also serve as 
hydromodification source control BMPs.  Vegetated swales, bioretention areas, and 
extended detention basins can provide volume reduction on the order of 20 to 30 percent 
through infiltration and evaporation.  Collectively these vegetated treatment facilities are 
expected to provide significant reduction in wet weather runoff.  In addition these 
facilities will also receive and eliminate dry weather flows.  

5.4.2 Geomorphically-Referenced Channel Design 

The hydromodification management approach for the Santa Clara River will incorporate 
“geomorphically-referenced ” channel design as described in SCCWRP Technical Report 450 
(SCCWRP, 2005a).  The goal of this approach is to preserve the natural stream channel function 
to the maximum extent practicable while limiting instability in stream channel morphology.     
 
The Project’s development footprint will allow for the greatest freedom possible for “natural 
stream channel” activity.  This includes establishing buffer zones and maintaining setbacks to 
allow for channel movement and adjustment to changes in energy associated with runoff.   
The engineered structural elements that will be implemented where needed for Santa Clara River 
stability include energy dissipation and geomorphically-referenced bank stabilization, pursuant 
to the Newhall Ranch RMDP. 
 

• Energy Dissipation.  Energy dissipation at storm drain outfalls provides erosion 
protection in areas where discharges have the potential to cause localized stream erosion.  
Erosion protection will be provided at all storm drain outlets to the Santa Clara River. 

 
• Bank Stabilization.  The Project will include buried soil cement along the Santa Clara 

River and Castaic Creek adjacent to and downstream of the Project site.  In total, 
approximately 18,600 linear feet (LF) of bank would be provided with buried soil cement 
protection.  This would include approximately 11,000 feet fronting the tract map site and 
approximately 6,400 LF on the south bank downstream (west) of the Long Canyon Road 
Bridge.  Additional buried bank stabilization would be constructed as part of the 
approved Newhall Ranch WRP and between The Old Road and the Santa Clara River to 
protect the utility corridor.  The bank protection between The Old Road and the Santa 
Clara River was approved as part of the Santa Clara River Natural River Management 
Plan (NRMP). 

 
Most of the proposed bank protection would consist of buried soil cement to provide 
scour and freeboard flood control protection.  Soil cement is a modern flood control 
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technique used to protect against erosion while maintaining natural vegetation and soft 
banks.  Soil cement will be buried below the existing banks of the Santa Clara River.  
Disturbed areas will then re-vegetated with native plant species, maintaining the natural 
habitat presently found along the River. 

 
Approximately 6,600 LF of Turf Reinforcement Mat (TRM) or similar bank stability 
protection would be provide along the southern edge of the utility corridor downstream or 
west of the tract map site.  TRMs are designed to reinforce vegetation at the root and 
stem allowing vegetation to be used as erosion control in areas where flow conditions 
exceed the ability of natural vegetation to remain rooted.  This includes applications with 
high slopes or stream banks where grouted rip-rap and concrete channels are aesthetically 
undesirable. 

 

5.5 Operation and Maintenance 

Depending on the type and location of the BMP, either the County, a Landscape Maintenance 
District (LMD), Geologic Hazard Abatement District (GHAD), Home Owners Association 
(HOA), or other similar government or quasi-government agency will be responsible for 
maintenance.  LMD(s), GHAD(s), or other similar government or quasi-government agency 
would be formed prior to turnover of stormwater facilities, prior to the first home sale.  
Maintenance and inspection agreements will be established as the treatment facilities are 
approved and built.  HOA maintenance agreements will incorporate a list of HOA 
responsibilities. The LMD(s), GHAD(s), or other similar government or quasi-government 
agency will have a mechanism and staffing to monitor, maintain, and enforce BMP maintenance.  
The County will have the right to inspect and maintain the BMPs that are maintained by the 
HOA, LMD, GHAD, or other similar agency at the expense of the HOA, LMD, GHAD, or other 
similar agency, if they are not being properly maintained.     
 
Table 5-7 lists the operation and maintenance (O&M) activities for the primary treatment control 
PDFs and the frequencies at which O&M activities will be conducted.  BMP maintenance will be 
conducted in compliance with maintenance requirements established in the Los Angeles County 
Stormwater BMP Design and Maintenance Manual. 
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Table 5-7: Water Quality BMP Operation and Maintenance Activities 
Treatment 

Control 
BMP 

Operation & 
Maintenance 

Category Activities Frequency 
Maintenance 

Responsibility 

Routine 
Facility 

Maintenance 

• Facility inspection 
• Trash and debris 

removal 
• Minor sediment removal 
• Vector Control 

• Annually prior to wet 
season. 

• After major storm events 
(>0.75 in/24 hrs) if spot 
checks of some basins 
indicate widespread 
damage/ maintenance 
needs. 

• Remove minor sediment 
accumulation from inlet 
or outlet when affecting 
inlet/outlet conditions. 

Vegetation/ 
Landscape 

Maintenance 

• Integrated Pest/Plant 
Management 

• Minor Vegetation 
Removal/ Thinning 

• Irrigation System 
Adjustment 

• Monthly (or as dictated 
by agreement between 
County/HOA/LMD and 
landscape contractor) 

 

Dry 
Extended 
Detention 

Basin 

Major 
Maintenance 

• Structural repairs 
• Major vegetation 

removal/ planting 
• Major sediment removal 

• As needed (infrequently) 
• Major sediment removal 

as needed; 
approximately every 10 
to 20 years. 

• LACDPW 

Routine 
Facility 

Maintenance 

• Facility inspection 
• Trash and debris 

removal 
• Minor sediment removal 
• Vector Control 

• Annually prior to wet 
season. 

• After major storm events 
if spot checks of some 
basins indicate 
widespread damage/ 
maintenance needs. 

• Remove minor sediment 
accumulation from inlet 
or outlet when affecting 
inlet/outlet conditions. 

•  

Vegetation/ 
Landscape 

Maintenance 

• Integrated Pest/Plant 
Management 

• Minor Vegetation 
Removal/ Thinning 

• Monthly (or as dictated 
by agreement between 
County/HOA/LMD and 
landscape contractor) 

 

Vegetated 
Swales 

Major 
Maintenance 

• Major vegetation 
removal/ planting 

• Major sediment removal 

• As required (annually or 
less frequently) 

• Home Owners 
Associations or 
commercial/ 
business owners 
will be 
responsible for 
maintenance of 
site-based BMPs  

 
• LACDPW will be 

responsible for 
maintenance of 
BMPs within 
public ROW 
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Treatment 
Control 

BMP 

Operation & 
Maintenance 

Category Activities Frequency 
Maintenance 

Responsibility 

Routine 
Facility 

Maintenance 

• Facility inspection 
• Trash and debris 

removal 
• Minor sediment removal 

• Annually prior to wet 
season. 

• After major storm events 
if spot checks of some 
basins indicate 
widespread damage/ 
maintenance needs. 

• Remove minor sediment 
accumulation from inlet 
or outlet when affecting 
inlet/outlet conditions. 

Vegetation/ 
Landscape 

Maintenance 

• Integrated Pest/Plant 
Management 

• Minor Vegetation 
Removal/ Thinning 

• Irrigation System 
Adjustment 

• Mulching 

• Monthly (or as dictated 
by agreement between 
County/HOA/LMD and 
landscape contractor) 

 

Bioretention 

Major 
Maintenance 

• Major vegetation 
removal/ planting • As needed (infrequently) 

• Home Owners 
Associations or 
commercial/ 
business owners 
will be 
responsible for 
maintenance of 
site-based BMPs  

 
• LACDPW will be 

responsible for 
maintenance of 
BMPs within 
public ROW 
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6 WATER QUALITY ANALYSIS APPROACH 

6.1 Model Description 

A water quality model was used to estimate pollutant loads and concentrations in Project 
stormwater runoff for certain pollutants of concern for pre-development conditions and post-
development conditions with PDFs for the tentative map portion of the Project.  The water 
quality model is one of the few models that accounts for the observed variability in stormwater 
hydrology and water quality.  This is accomplished by characterizing the probability distribution 
of observed rainfall event depths, the probability distribution of event mean concentrations, and 
the probability distribution of the number of storm events per year.  These distributions are then 
sampled randomly using a Monte Carlo Approach to develop estimates of mean annual loads and 
concentrations. 
 
A detailed description of the water quality model is presented in Appendix B.  The following 
summarizes major features of the water quality model: 
 

• Rainfall Data: The water quality model estimates the volume of runoff from storm 
events.  The storm events were determined from 32 years (1969 - 2002) of hourly rainfall 
data measured at the National Climatic Data Center (NCDC) Newhall rain gage that 
incorporates a wide range of storm events.  The rainfall analysis that is incorporated in 
the water quality model requires rainfall measurements at one hour intervals and a period 
of record that is at least 20 to 30 years in length. 

 
• Land Use Runoff Water Quality: The water quality model estimates the concentration of 

pollutants in runoff from storm events based on existing and proposed land uses. The 
pollutant concentrations for various land uses, in the form of Event Mean Concentrations 
(EMCs), were estimated from data collected in Los Angeles County.   The Los Angeles 
County database was chosen for use in the model because: (1) it is an extensive database 
that is quite comprehensive, (2) it contains monitoring data from land use specific 
drainage areas, and (3) the data is representative of the semi-arid conditions in southern 
California.  Agriculture land use EMC statistics were not available from the Los Angeles 
County database, and therefore were derived from the Ventura County stormwater quality 
monitoring database. 

 
• Pollutant Load: The pollutant load associated with each storm is estimated as the product 

of the storm event runoff times the event mean concentration.  For each year in the 
simulation, the individual storm event loads are summed to estimate the annual load.  The 
mean annual load is then the average of all the annual loads.  

 
• PDFs Modeled: The modeling only considers the structural treatment PDFs (vegetated 

swales, bioretention areas, and dry extended detention basin) and does not take into 
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account the low impact/site design and source control PDFs (e.g., street sweeping and 
catch basin inserts) that would also improve water quality.  In this respect, the modeling 
results are conservative, i.e., tend to overestimate pollutant loads and concentrations. 

 
• Treatment Effectiveness: The water quality model estimates mean pollutant 

concentrations and loads in stormwater following treatment.  The amount of stormwater 
runoff that is captured by the treatment BMPs was calculated for each storm event, taking 
into consideration the intensity of rainfall, duration of the storm, and duration between 
storm events.  The mean effluent water quality for treatment BMPs was based on the 
International Stormwater BMP Database (ASCE/EPA, 2003).  The International 
Stormwater BMP Database was used because it is a robust, peer reviewed database that 
contains a wide range of BMP effectiveness studies that are reflective of diverse land 
uses.  An analysis of the monitored inflow and outflow data contained in the International 
Stormwater BMP Database showed a volume reduction on the order of 38 percent for 
biofilters and 30 percent for extended detention basins (Strecker et al., 2004).  Based on 
this analysis, a conservative estimate of 25 percent of the inflow to the vegetated swales 
and bioretention areas and 20 percent of the inflow to extended detention basins was 
assumed to infiltrate and/or evapotranspire in the water quality model.  These 
assumptions regarding volumetric losses were also used to assess the quantity of dry 
weather flows that would be captured in the treatment BMPs (see Section 7.8.2). 

 
BMP effectiveness studies in the International Stormwater BMP database infrequently 
monitor aluminum; therefore, insufficient effluent data were available to model the 
removal effectiveness of treatment control BMPs for this water quality constituent.  The 
total aluminum content of a water sample will be directly related to the concentrations of 
the suspended particulate matter.  The aluminum content of the suspended solids is likely 
to directly reflect the composition of the source materials (e.g., the catchment soils).  
Therefore, it would be expected and is assumed that total aluminum concentrations and 
loads would be reduced proportionally to removal of suspended solids by project BMPs.    
In order to estimate the reduction in total aluminum load and concentration (dissolved 
aluminum was assumed to pass through BMPs without removal), TSS removal was used 
as a surrogate. 

 
• Bypass Flows: The water quality model takes into account conditions when the treatment 

facility is full and flows are bypassed.  
  
• Representativeness to Local Conditions: The water quality model utilizes runoff water 

quality data obtained from tributary areas that have a predominant land use, and are 
measured prior to discharge into a receiving water body.  Currently such data are 
available from stormwater programs in Los Angeles County, San Diego County, and 
Ventura County, although the amount of data available from San Diego County and 
Ventura County is small in comparison with the Los Angeles County database.  Such 
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data is often referred to as “end-of-pipe” data to distinguish it from data obtained in 
urban streams, for example.  

• Infiltration:  Existing conditions infiltration parameters were assumed based on soil 
hydrologic group, soil texture class, and the NRCS Soil Survey of the Project area.  The 
majority of the site will be impacted by fill operations; therefore, post-development soil 
compaction impacts were modeled for post-development open and landscaped areas 
assuming a 25 percent reduction in saturated hydraulic conductivity, or infiltration rate, 
from the pre-developed to post-developed condition.  Impervious surfaces were modeled 
assuming no infiltration. 

 
6.2 Pollutants Modeled 

The appropriate form of data used to address water quality are flow composite storm event 
samples, which are a measure of the average water quality during the event. To obtain such data 
usually requires automatic samplers that collect data at a frequency that is proportionate to flow 
rate.  The pollutants of concern for which there are sufficient flow composite sampling data in 
the Los Angeles County database are:  
 

• Total Suspended Solids (sediment) 
• Total Phosphorus 
• Nitrate-Nitrogen, Nitrite-Nitrogen, Ammonia-Nitrogen, and Total Nitrogen 
• Total Aluminum 
• Dissolved Copper  
• Total Lead 
• Dissolved Zinc 
• Chloride 

 
The other pollutants of concern, such as pathogens, hydrocarbons, pesticides, and trash and 
debris, are not amenable to this type of sampling either because of short holding times (e.g., 
pathogens), difficulties in obtaining a representative sample (e.g., hydrocarbons), or low 
detection levels (e.g., pesticides).  These pollutants were addressed qualitatively using literature 
information and best professional judgment due to the lack of statistically reliable monitoring 
data for these pollutants (see Section 6.3 below).  
  
6.3 Qualitative Impact Analysis 

Post development stormwater runoff water quality impacts associated with the following 
pollutants of concern were addressed based on literature information and professional judgment 
because available data were not deemed sufficient for modeling: 
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• Turbidity 
• Pathogens (Bacteria, Viruses, and Protozoa) 
• Hydrocarbons (Oil and Grease, Polycyclic Aromatic Hydrocarbons)  
• Pesticides 
• Trash and Debris 
• Methylene Blue Activated Substances (MBAS) 
• Cyanide 

 
Human pathogens are usually not directly measured in stormwater monitoring programs because 
of the difficulty and expense involved; rather, indicator bacteria such as fecal coliform or certain 
strains of E. Coli are measured.  Unfortunately, these indicators are not very reliable measures of 
the presence of pathogens in stormwater, in part because stormwater tends to mobilize pollutants 
from many sources, some of which contain non-pathogenic bacteria.  For this reason, and 
because holding times for bacterial samples are necessarily short, most stormwater programs do 
not collect flow-weighted composite samples that potentially could produce more reliable 
statistical estimates of concentrations.  Fecal coliform or E. Coli are typically measured with 
grab samples, making it difficult to develop reliable EMCs.  Total coliform and fecal bacteria 
(fecal coliform, fecal streptococcus, and fecal enterococci) were detected in stormwater samples 
tested in Los Angeles County at highly variable densities (or most probable number, MPN) 
ranging between several hundred to several million cells per 100 ml (LACDPW, 2000). 
 
Hydrocarbons are difficult to measure because of laboratory interference effects and sample 
collection issues (hydrocarbons tend to coat sample bottles).  Hydrocarbons are typically 
measured with single grab samples, making it difficult to develop reliable EMCs. 
 
Pesticides in urban runoff are often at concentrations that are below detection limits for most 
commercial laboratories and therefore there are limited statistically reliable data available on 
pesticides in urban runoff.  Pesticides were not detected in Los Angeles County monitoring data 
for land use-based samples, except for diazinon and glyphosate which were detected in less than 
15 percent and 7 percent of samples, respectively (LACDPW, 2000). 
 
Turbidity, trash and debris, MBAS, and cyanide are not typically included in routine urban 
stormwater monitoring programs.  Turbidity is not typically included in post-construction 
treatment control BMP effectiveness studies.  Several studies conducted in the Los Angeles 
River basin have attempted to quantify trash generated from discrete areas, but the data represent 
relatively small areas or relatively short periods, or both.  MBAS was included in the land use-
based monitoring data, but not enough data is available for modeling purposes.  Cyanide was not 
included in the Los Angeles County land use-based monitoring program. 
 
Also addressed qualitatively are potential water quality impacts from runoff and dewatering 
discharges during construction (Section 7.4), potential water quality impacts due to pollutant 
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bioaccumulation (Section 7.5), dry weather runoff water quality impacts (Section 7.6), and 
groundwater quality impacts (Section 7.8). 
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7 IMPACT ASSESSMENT 

The modeled pollutant impact assessment is presented in Section 7.1 and the qualitative analyses 
of the remaining pollutants of concern follow in Section 7.2.  Analyses of dry weather impacts 
and compliance with NPDES Permit requirements and construction-related requirements of the 
Construction General Permit and Dewatering General Permit follow the pollutant-by-pollutant 
impact assessment.  Also included is a discussion of other considerations, including operation 
and maintenance, vector control, bioaccumulation, and hydrologic impacts.  The analysis of 
cumulative impacts to surface water, groundwater, and hydromodification is also provided.  A 
weight of evidence approach is employed using the various thresholds and significance criteria 
discussed in Section 4.4 

7.1 Post Development Stormwater Runoff Impact Assessment for Modeled Pollutants of 
Concern 

In this section, model results for each pollutant are evaluated in relation to the following 
significance criteria: (1) comparison of post-development versus pre-development stormwater 
quality concentrations and loads; (2) comparison with MS4 Permit, Construction General Permit, 
and General Dewatering Permit requirements for new development; and (3) evaluation in light of 
receiving water benchmarks.  Pursuant to the third criterion, predicted runoff pollutant 
concentrations in the post-development condition, with runoff treatment PDFs, are compared 
with benchmark receiving water quality criteria as provided in the Basin Plan and the CTR and 
TMDL wasteload allocations.  The water quality criteria and wasteload allocations are 
considered benchmarks for comparison purposes only, since they do not apply directly to runoff 
from the Project, but the comparison provides useful information to evaluate potential impacts.  
A weight of evidence approach is employed in this analysis considering the various significance 
criteria. 
 
Results from the water quality model for significance criterion 1 are reported in a series of tables, 
organized by constituent, showing predicted mean annual pollutant loads (lbs/yr) and mean 
annual concentrations.  Projections are made for two conditions: (1) existing condition, and (2) 
developed condition with PDFs. 
 
Note that the modeling results account for pollutant reductions in the extended detention basin, 
bioretention areas, and vegetated swales only and do not account for the pollutant reductions that 
will occur due to low impact/site design PDFs and source control PDFs.  Because not all BMPs 
are modeled, the model results predict greater water quality impacts than are likely to occur from 
the Project.   
 
Following the table comparing post-development and pre-development water quality loads and 
concentrations for each constituent is a table comparing the post-development (with PDFs) 
runoff quality to the benchmark water quality objectives and criteria and TMDL wasteload 
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allocations for downstream reaches of the Santa Clara River.  Water quality observed in the 
Santa Clara River is also included on these tables as a benchmark. 
 
The area of the Project included in the model was limited to the developed portion of the Project.  
As no impervious surfaces will be added in the borrow areas and the utility corridor and 
therefore there will be no change in runoff volume or pollutant loads and concentrations in the 
post-developed condition, these areas were not included in the model, but are included in the 
qualitative construction impact assessment. 

7.1.1 Stormwater Runoff Volume 

Table 7-1 shows the predicted changes in stormwater runoff mean annual volumes.  Mean annual 
runoff volumes are expected to increase substantially with development.  The increase can be 
explained by the increase in imperviousness associated with development of the site, as well as 
by the decrease in infiltration capacity of existing site soils associated with the compaction of 
site soils during construction.  For modeling purposes, the existing agricultural land use was 
assumed to have an imperviousness of 15 percent to account for compaction by machinery and 
soil saturation due to irrigation.  In contrast, single family residential land use is assumed to have 
an average imperviousness of 42 percent, multi-family residential land use is assumed to have an 
average imperviousness of 68 percent, and commercial land use is assumed to have an average 
imperviousness of 92 percent. 
   
Project PDFs include site design, source control, and treatment control BMPs in compliance with 
the SUSMP requirements.  Most of the site design PDFs, especially the minimization of 
impervious area and the provision of 59.6 acres of trails, parks, and vegetated slopes and water 
quality BMPs within the Project, reduce the impacts of the proposed development on increases in 
stormwater runoff volume.  In addition to water quality improvements, the treatment control 
BMPs will also provide runoff volume reduction.  Volume reduction in Project BMPs was 
assumed based on monitoring data in the International Stormwater BMP Database. 
 

Table 7-1: Predicted Average Annual Stormwater Runoff Volumes 
Site Conditions Average Annual Stormwater Runoff Volume (acre-ft) 

Existing 183 
Developed with PDFs 331 
Change  148 

 
Runoff volumes from the impervious areas within the off-site project components are likely to 
increase compared to the existing condition.  The use of bioretention and/or vegetated swales for 
treatment control for these areas will minimize the increase in post-development runoff volumes, 
as an analysis of the monitored inflow and outflow data contained in the International 
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Stormwater BMP Database showed a volume reduction on the order of 38 percent for 
bioretention and vegetated swales (ASCE/EPA, 2004).  

7.1.2 TSS 

Comparison of Pre- and Post-Project Conditions: Table 7-2 shows the predicted average annual 
TSS concentration and loads.  TSS concentration is predicted to decrease as a result of the 
Project.  This decrease can be attributed to higher EMCs observed in monitoring data from 
agricultural and open space land uses (the existing condition for the site) compared with urban 
land uses (representative of post-development conditions).  TSS load is also predicted to 
decrease with development despite increased runoff volumes. 

 
Table 7-2: Predicted Average Annual TSS Concentration and Load 

Site Conditions 
Average Annual TSS 
Concentration (mg/L) 

Average Annual  
TSS Load (tons/yr) 

Existing 459 114 
Developed with PDFs 37 17 
Change  -422 -97 

 
Comparison with Water Quality Criteria: The predicted average annual TSS concentration in 
stormwater runoff is compared with receiving water objectives and the range of observed 
concentrations in the Santa Clara River Reach 5 in Table 7-3.  The predicted TSS load and 
concentration declines with development and is at the low end of the range of observed 
concentrations in Santa Clara River Reach 5. 
 

Table 7-3: Comparison of Predicted TSS Concentrations with Water Quality Criteria and 
Observed Concentrations in Santa Clara River Reach 5 

Predicted Average 
Annual TSS 

Concentration 
(mg/L) 

Los Angeles Basin 
Plan Water Quality 

Objectives 
California Toxics Rule 

Criteria 

Range of Observed1 

Concentrations in Santa 
Clara River Reach 5 

(mg/L) 

37 

Water shall not contain 
suspended or settleable 

material in concentrations that 
cause nuisance or adversely 

affect beneficial uses 

NA 32 – 6,591 

1 Range of concentrations observed in the Santa Clara River during wet weather (Stations S29, NR1, and NR3, see 
Section 2.7). 
NA – not applicable 

 
TSS concentrations in runoff from the impervious areas in the off-site project components are 
likely to decrease compared to the existing condition, similarly to the modeled project area.  The 
use of bioretention and/or vegetated swales for treatment control will further reduce the post-
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development runoff TSS concentrations and loads.  The average TSS concentration in runoff 
treated in biofilters (bioretention and vegetated swales) reported in the International Stormwater 
BMP database is 30.7 mg/L, which is below the range of observed concentrations in Santa Clara 
River Reach 5. 
 
Based on the comprehensive site design, source control, and treatment control strategy, and the 
comparison with available in-stream data and Basin Plan benchmark objectives, the TSS in 
stormwater runoff from the Project will not cause a nuisance or adversely affect beneficial uses 
in the receiving waters.  

7.1.3 Total Phosphorus 

Comparison of Pre- and Post-Project Conditions: Table 7-4 shows the predicted average total 
phosphorus (TP) concentrations and annual loads.  TP concentration and load are predicted to 
decrease post-development.  Because much of the total phosphorus load is associated with 
sediments and the sediment load and concentrations are predicted to decrease with development, 
the TP concentration and annual TP load are also predicted to decrease. 
  

Table 7-4: Predicted Average Annual Total Phosphorus Concentration and Annual Load 

Site Conditions 

Average Annual Total 
Phosphorus Concentration 

(mg/L) 
Average Annual  Total 

Phosphorus Load (lbs/yr) 

Existing 1.5 759 
Developed with PDFs 0.3 239 
Change  -1.2 -520 

 
Comparison with Water Quality Criteria: There are no numeric objectives for total phosphorus 
in the Basin Plan.  A narrative objective for biostimulatory substances in the Basin Plan states: 
“waters shall not contain biostimulatory substances in concentrations that promote aquatic 
growth to the extent that such growth causes nuisance or adversely affects beneficial uses.”  The 
low predicted total phosphorus concentrations in Project stormwater discharges are not expected 
to promote (i.e., increase) algal growth and therefore comply with the narrative objective for 
biostimulatory substances in the Basin Plan.  As shown in Table 7-5, the predicted total 
phosphorus concentration is at the low end of the range of observed concentrations in Santa 
Clara River Reach 5. 
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Table 7-5: Comparison of Predicted Total Phosphorus Concentration with Water Quality 
Criteria and Observed Concentrations in Santa Clara River Reach 5 

Predicted Average 
Annual Total 
Phosphorus 

Concentration (mg/L) 
Los Angeles Basin Plan 

Water Quality Objectives 
California Toxics 

Rule Criteria 

Range of Observed1 

Concentrations in Santa 
Clara River Reach 5 

(mg/L) 

0.3 

Waters shall not contain 
biostimulatory substances in 
concentrations that promote 

aquatic growth to the extent that 
such growth causes nuisance or 
adversely affects beneficial uses 

NA 0.18 – 13.4 

1 Range of concentrations observed in the Santa Clara River during wet weather (Stations S29, NR1, and NR3, see 
Section 2.7). 
NA – not applicable 
 
Total phosphorus loads and concentrations in post-development runoff from the off-site project 
components are likely to increase in comparison to open space runoff and to decrease in 
comparison to runoff from agricultural areas.  The use of bioretention and/or vegetated swales 
for treatment control will minimize any potential increase in post-development runoff total 
phosphorus concentrations and loads. The average total phosphorus concentration in runoff 
treated in biofilters reported in the International Stormwater BMP database is 0.46 mg/L, which 
is within the range of observed concentrations in Santa Clara River Reach 5. 
 
Based on the comprehensive site design, source control, and treatment control strategy and the 
comparison with available in-stream monitoring data and Basin Plan benchmark objectives, 
potential impacts associated with total phosphorus are predicted to be less than significant. 

7.1.4 Nitrogen Compounds 

Comparison of Pre- and Post-Project Conditions: The predicted average nitrate-nitrogen plus 
nitrite-nitrogen, ammonia, and total nitrogen concentrations and annual loads are summarized in 
Table 7-6, Table 7-7, and Table 7-8, respectively.  Average concentrations and loads of nitrate-
nitrogen plus nitrite nitrogen, ammonia-nitrogen, and total nitrogen are predicted to decrease.  
The decrease in nitrogen loads and concentrations can be attributed to higher nitrite-, nitrate-, 
and ammonia-nitrogen EMCs observed in monitoring data from agricultural land use versus 
urbanized land uses, along with nitrogen reductions in the treatment control PDFs.   
 
Table 7-6: Predicted Average Annual Nitrate-N + Nitrite-N Concentration and Load 

Site Conditions 
Average Annual Nitrate+Nitrite-
Nitrogen Concentration (mg/L) 

Average Annual  
Nitrate+Nitrite-Nitrogen Load 

(lbs/yr) 

Existing 6.3 3,107 
Developed with PDFs 0.5 420 
Change  -5.8 -2687 
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Table 7-7: Predicted Average Annual Ammonia-N Concentration and Load 

Site Conditions 
Average Annual Ammonia-N 

Concentration (mg/L) 
Average Annual  Ammonia-N 

Load (lbs/yr) 

Existing 1.0 473 
Developed with PDFs 0.2 145 
Change  -0.8 -328 

Table 7-8: Predicted Average Annual Total Nitrogen-N Concentration and Load 

Site Conditions 
Average Annual Total Nitrogen 

Concentration (mg/L) 
Average Annual Total Nitrogen 

Load (lbs/yr) 

Existing 10 5,150 
Developed with PDFs 1.9 1,703 
Change  -8.1 -3,447 

 
 
Comparison with Water Quality Criteria: Predicted nitrogen compound concentrations are 
compared to Basin Plan objectives and observed concentrations in Table 7-8.  The average 
annual stormwater concentration of ammonia is predicted to be considerably less than the 
concentration-based wasteload allocation for Santa Clara River Reach 5 and the Basin Plan 
objective, and within the range of observed concentrations.  Likewise, the average annual 
stormwater concentration of nitrate-N plus nitrite-N is predicted to be considerably less than the 
TMDL wasteload allocation and the Basin Plan water quality objective and within the range of 
observed concentrations for this reach of the Santa Clara River. 
 
There are no numeric objectives for total nitrogen in the Basin Plan.  A narrative objective for 
biostimulatory substances in the Basin Plan states: “waters shall not contain biostimulatory 
substances in concentrations that promote aquatic growth to the extent that such growth causes 
nuisance or adversely affects beneficial uses.”  The low predicted total nitrogen concentrations in 
project stormwater discharges will not promote (i.e., increase) aquatic growth and therefore 
comply with the narrative objective for biostimulatory substances in the Basin Plan.  As shown 
in Table 7-9, the predicted total nitrogen concentration is within the range of observed 
concentrations in Santa Clara River Reach 5. 
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Table 7-9: Comparison of Predicted Nitrogen Compound Concentrations with Water 
Quality Objectives, TMDLs, and Observed Concentrations in Santa Clara River Reach 5 

Nutrient 

Predicted Average 
Annual 

Concentration 
(mg/L) 

Basin Plan Water 
Quality 

Objectives1    

(mg/L) 

Wasteload 
Allocations for 

MS4 Discharges 
into the Santa 

Clara River Reach 
5   (mg/L) 

Range of Observed2 

Concentrations in 
Santa Clara River 

Reach 5 (mg/L) 

Nitrate-N + Nitrite-N 0.5 5 6.83 0.5 – 4.8 

Ammonia-N 0.2 2.24 1.755 <0.005 – 1.1 

Total Nitrogen 1.9 

Waters shall not contain 
biostimulatory 
substances in 

concentrations that 
promote aquatic growth 
to the extent that such 

growth causes nuisance 
or adversely affects 

beneficial uses 

NA <0.04 – 466 

1 There are no CTR criteria for nitrogen compounds.  
2 Range of concentrations observed in the Santa Clara River during wet weather (Stations S29, NR1, and NR3, see 
Section 2.3.1). 
3 30-day average. 
4 4-day average, ELS present, 90th percentile pH and temperature pairing observed at USGS Monitoring Station 11108500. 
5 30-day average in Reach 5 below Valencia. 
6 Observed values for TKN (ammonia plus organic nitrogen). 

 
Nitrate-N plus nitrite-N and ammonia-nitrogen concentrations in post-development runoff from 
the off-site project components are likely to decrease or remain the same compared to open space 
and agricultural runoff concentrations, although loads are likely to increase due to the increase in 
runoff volume.  The use of bioretention and/or vegetated swales for treatment control will 
minimize any potential increases in post-development runoff nitrate-N plus nitrite-N or 
ammonia-nitrogen loads. The average nitrate-N plus nitrite-N concentration in runoff treated in 
biofilters reported in the International Stormwater BMP database is 0.5 mg/L and the average 
ammonia-nitrogen concentration is 0.1 mg/L, which are considerably less than the TMDL 
wasteload allocations and Basin Plan water quality objectives, and are within the range of 
observed concentrations for Santa Clara River Reach 5. 
 
Based on the comprehensive site design, source control, and treatment control strategy, and the 
comparison with available in-stream monitoring data and benchmark Basin Plan objectives and 
wasteload allocations, potential impacts associated with nitrogen compounds are predicted to be 
less than significant. 
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7.1.5 Metals 

Comparison of Pre- and Post-Project Conditions: Projected loads and concentrations for the 
trace metals copper, lead, zinc, and aluminum are presented in Tables 7-10 through 7-13.  Except 
for aluminum and lead, the projections are for the dissolved form of the metal, as it is the 
dissolved form to which the CTR criteria apply.  Due to consistently low concentrations of 
dissolved lead in the available stormwater runoff data, it was not possible to develop reliable 
EMC parameters for most land uses for modeling the dissolved fraction of lead.  This constituent 
was therefore modeled as the total recoverable metal.  Copper, lead, and zinc are the most 
prevalent metals typically found in urban runoff.  Other trace metals, such as cadmium, 
chromium, and mercury, are typically not detected in urban runoff or are detected at very low 
levels (LACDPW, 2000).   
 
Post-development dissolved copper, total lead, and dissolved zinc loads and concentrations and 
total aluminum concentrations are projected to decrease compared to pre-development 
conditions.  These results can be explained by the difference in EMC values observed in 
representative monitoring data from the pre-developed agriculture and open space condition and 
the post-developed urban condition (see Appendix B, Table B-12).  Total aluminum loads are 
predicted to increase. 
 
Project PDFs include site design, source control, and treatment control BMPs in compliance with 
the SUSMP requirements.  Specific site design PDFs that will be implemented to minimize 
increases in trace metals include directing drainage from impervious areas to vegetated areas and 
the selection of building material for roof gutters and downspouts that do not include copper or 
zinc.  Source control PDFs that target metals include education for property owners, BMP 
maintenance, and street sweeping private streets and parking lots.  The treatment control BMPs 
will also reduce trace metals in the runoff from the proposed development.  Only the effects of 
the treatment control PDFs are reflected in the model results. 
 
Table 7-10: Predicted Average Annual Dissolved Copper Concentration and Load 

Site Conditions 
Average Annual Dissolved 

Copper Concentration (µg/L) 
Average Annual  Dissolved 

Copper Load (lbs/yr) 

Existing 26 13 
Developed with PDFs 9.9 8.9 
Change  -16.1 -4.1 
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Table 7-11: Predicted Average Total Lead Concentration and Annual Load 

Site Conditions 
Average Annual Total Lead 

Concentration (µg/L) 
Average Annual Total Lead 

Load (lbs/yr) 

Existing 16 8.0 
Developed with PDFs 5.2 4.7 
Change  -10.8 -3.3 

 
Table 7-12: Predicted Average Annual Dissolved Zinc Concentration and Load 

Site Conditions 
Average Annual Dissolved Zinc 

Concentration (µg/L) 
Average Annual Dissolved Zinc 

Load (lbs/yr) 

Existing 132 66 
Developed with PDFs 60 54 
Change  -72 -12 

 
Table 7-13: Predicted Average Annual Total Aluminum Concentration and Load 

Site Conditions 
Average Annual Total 

Aluminum Concentration (µg/L) 
Average Annual Total 

Aluminum Load (lbs/yr) 

Existing 631 313 
Developed with PDFs 480 432 
Change  -151 119 

 
 
Comparison with Water Quality Criteria: A narrative objective for toxic substances in the Basin 
Plan states: “all waters shall be maintained free of toxic substances in concentrations that are 
toxic to, or that produce detrimental physiological responses in human, plant, animal, or aquatic 
life.”   
 
The CTR criteria are the applicable water quality objectives for protection of aquatic life.  The 
CTR criteria are expressed for acute and chronic (4-day average) conditions; however, only acute 
conditions were considered to be applicable for stormwater discharges because the duration of 
stormwater discharge is consistently less than 4 days.  The CTR criteria are calculated on the 
basis of the hardness of the receiving waters.  Lower hardness concentrations result in lower, 
more stringent CTR criteria.  The minimum hardness value (250 mg/L as CaCO3) observed in 
the Santa Clara River at the USGS Station 11108500 during wet weather was used as a 
conservative estimate; the mean observed hardness value was 660 mg/L as CaCO3.   
 
For aluminum, the National Ambient Water Quality Criteria (NAWQC) acute criterion (750 
µg/L for a pH range of 6.5 to 9.0) was used as a benchmark, as the CTR does not include 
aluminum.  Although the NAWQC criterion is in the form of acid soluble aluminum (USEPA, 
1988), the available monitoring data are for either dissolved aluminum or total aluminum.  Acid 
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soluble aluminum (which is operationally defined as the aluminum that passes through a 0.45 µm 
membrane filter after the sample has been acidified to a pH between 1.5 and 2.0 with nitric acid) 
represents the forms of aluminum toxic to aquatic life or that can be readily converted to toxic 
forms under natural conditions.  The acid soluble measurement does not measure forms of 
aluminum, such as aluminum that is occluded in minerals, clays, and or is strongly sorbed to 
particulate matter, that are not toxic and are not likely to become toxic under natural conditions.  
As acid soluble aluminum data is not available, total aluminum has been used in order to be 
conservative. 
 
Comparison of the predicted runoff metal concentrations and the acute CTR criteria for dissolved 
copper, total lead, and dissolved zinc and the NAWQC criterion for aluminum are shown in 
Table 7-14, along with the range of observed concentrations in Santa Clara River Reach 5.  The 
comparison of the post-developed with PDFs condition to the benchmark CTR and NAWQC 
values shows that all of the trace metal concentrations are below the benchmark water quality 
criteria.  The predicted trace metal concentrations are within the range of observed 
concentrations in Santa Clara River Reach 5 except for dissolved zinc, which is slightly higher. 
 

Table 7-14: Comparison of Predicted Trace Metal Concentrations with Water Quality 
Criteria and Observed Concentrations in Santa Clara River Reach 5 

Metal 

Predicted Average 
Annual 

Concentration (µg/L) 

California Toxics Rule 
Criteria1 

(µg/L) 

Range of Observed2 

Concentrations in Santa 
Clara River Reach 5 

(µg/L) 
Dissolved Copper  9.9 32 3.3 – 22.6 

Total Lead  5.2 260 0.6 – 40 

Dissolved Zinc  60 250 3 – 37 

Total Aluminum 480 750 131 – 19,650 
1 Hardness = 250 mg/L, based on minimum observed value at USGS Station 11108500.  Lead criteria is for total 
recoverable lead.  NAWQC aluminum criteria for pH 6.5 – 9.0. 
2 Range of concentrations observed in the Santa Clara River during wet weather (Stations S29, NR1, and NR3, see 
Section 2.7). 
 

Trace metals (aluminum, copper, lead, and zinc) concentrations in post-development runoff from 
the off-site project components are likely to decrease in comparison to concentrations in runoff 
from agricultural areas and to increase in comparison to concentrations in runoff from open 
space.  Trace metal loads are likely to increase due to the increase in runoff volume.  The use of 
bioretention and/or vegetated swales for treatment control will minimize any potential increases 
in post-development runoff trace metal loads. The average trace metals concentrations in runoff 
treated in biofilters reported in the International Stormwater BMP database are: 7.8 µg/L 
(dissolved copper), 9.6 µg/L (total lead), and 32.6 µg/L (dissolved zinc).  No performance data is 
available in the International Stormwater BMP database for treatment of aluminum in biofilters.  
Trace metal concentrations in runoff from the off-site project components are expected to be 
below all benchmark water quality criteria. 
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Based on the comprehensive site design, source control, and treatment strategy and the 
comparison with the instream water quality monitoring data and benchmark water quality 
criteria, the Project will not have significant impacts resulting from trace metals. 

7.1.6 Chloride 

Comparison of Pre- and Post-Project Conditions: Table 7-15 shows the predicted average 
annual chloride concentration and load.  Due to the conversion from agricultural to urban land-
uses and the associated EMCs, annual chloride concentration is predicted to decrease when 
compared to the existing conditions, although the average annual chloride load is predicted to 
increase slightly due to increased runoff volume. 
 
Table 7-15: Predicted Average Annual Chloride Concentration and Load 

Site Conditions 
Average Annual Chloride 

Concentration (mg/L) 
Average Annual  Chloride 

Load (tons/yr) 

Existing 24 6.0 
Developed with PDFs 14 6.2 
Change  -10 0.2 

 
Comparison with Water Quality Criteria: The predicted chloride concentration in post-
development Project runoff is compared to the Basin Plan water quality objective and the range 
of observed concentrations in Santa Clara River Reach 5 in Table 7-16.  The predicted average 
annual chloride concentration in stormwater runoff from the Project area is at the low end of the 
range of observed concentrations for this pollutant and is well below the Santa Clara River 
Reach 5 Basin Plan water quality objective and the TMDL wasteload allocation for Santa Clara 
River Reach 5 (100 mg/L for both).   
 

Table 7-16:  Comparison of Predicted Chloride Concentrations with Water Quality 
Criteria and Observed Concentrations in Santa Clara River Reach 5 

Pollutant 

Predicted 
Average Annual 
Concentration 

(mg/L) 

SCR Reach 5 TMDL 
Wasteload Allocation & 

Basin Plan Water Quality 
Objective1 (mg/L) 

Range of Observed2 

Concentrations in Santa 
Clara River Reach 5 

(mg/L) 

Chloride 14 100 3 - 121 

1 There are no CTR criteria for chloride.   
2 Range of concentrations observed in the Santa Clara River during wet weather (Stations S29, NR1, and NR3, see 
Section 2.7). 
 

Chloride concentrations in post-development runoff from the off-site project components are 
likely to decrease or remain the same in comparison to runoff from open space and agricultural 
areas, although chloride loads are likely to increase due to increased runoff volumes.  Similarly 
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to the modeled areas, the average annual chloride concentration in stormwater runoff from the 
utility corridor and power substation are likely to be at the low end of the range of observed 
concentrations for chloride and well below the Santa Clara River Reach 5 Basin Plan water 
quality objective and the TMDL wasteload allocation for Santa Clara River Reach 5.   
 
Based on the comprehensive site design, source control, and treatment control strategy, and 
comparison with benchmark receiving water criteria and instream monitoring data, the Project is 
not expected to have significant water quality impacts resulting from chloride. 

 

7.2 Post Development Stormwater Impact Assessment for Pollutants and Basin Plan 
Criteria Addressed Without Modeling 

7.2.1 Turbidity  

Turbidity is a measure of suspended matter that interferes with the passage of light through the 
water or in which visual depth is restricted (Sawyer et al., 1994).  Turbidity may be caused by a 
wide variety of suspended materials, which range in size from colloidal to coarse dispersions, 
depending upon the degree of turbulence.  In lakes or other waters existing under relatively 
quiescent conditions, most of the turbidity will be due to colloidal and extremely fine 
dispersions.  In rivers under flood conditions, most of the turbidity will be due to relatively 
coarse dispersions.  Erosion of clay and silt soils may contribute to in-stream turbidity (see 
discussion of hydromodification impacts in Section 7.9 below).  Organic materials reaching 
rivers serve as food for bacteria, and the resulting bacterial growth and other microorganisms 
that feed upon the bacteria produce additional turbidity.  Nutrients in runoff may stimulate the 
growth of algae, which also contributes to turbidity. 
 
Discharges of turbid runoff are primarily of concern during the construction phase of 
development.  Construction-related impacts are addressed in Section 7.4 below.  The 
Construction Stormwater Pollution Prevention Plan must contain sediment and erosion control 
BMPs pursuant to the Construction General Permit, and those BMPs must effectively control 
erosion and discharge of sediment, along with other pollutants, per the Best Available 
Technology Economically Achievable and Best Conventional Pollutant Control Technology 
(BAT/BCT) standards6.  Additionally, fertilizer control, non-visible pollutant monitoring, and 

                                                 
6 BAT/BCT are Clean Water Act technology-based standards that are applicable to construction site stormwater 
discharges.  Federal law specifies factors relating to the assessment of BAT including: age of the equipment and 
facilities involved; the process employed; the engineering aspects of the application of various types of control 
techniques; process changes; the cost of achieving effluent reduction; non-water quality environmental impacts 
(including energy requirements); and other factors as the Administrator deems appropriate.  Clean Water Act 
§304(b)(2)(B).  Factors relating to the assessment of BCT include:  reasonableness of the relationship between the 
costs of attaining a reduction in effluent and the effluent reduction benefits derived; comparison of the cost and level 
of reduction of such pollutants from the discharge from publicly owned treatment works to the cost and level of 
reduction of such pollutants from a class or category of industrial sources; the age of the equipment and facilities 
involved; the process employed; the engineering aspects of the application of various types of control techniques; 
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trash control BMPs in the SWPPP will combine to help control turbidity during the construction 
phase.   
 
In the post-development condition, placement of impervious surfaces will serve to stabilize soils 
and to reduce the amount of erosion that may occur from the Project area during storm events, 
and will therefore decrease turbidity in the runoff (see also hydromodification impacts discussed 
in section 7.9 below).  Project PDFs, including source controls (such as common area landscape 
management and common area litter control) and treatment control BMPs in compliance with the 
SUSMP requirements, will prevent or reduce the release of organic materials and nutrients 
(which might contribute to algal blooms) to receiving waters.  As shown in Section 7.1 above, 
post-development nutrients in runoff are not expected to cause significant water quality impacts.  
Based on implementation of the Project PDFs and the construction-related controls outlined in 
Section 7.4, runoff discharges from the Project will not cause increases in turbidity which would 
result in adverse affects to beneficial uses in the receiving waters.  Based on these 
considerations, the water quality impacts of the Project on turbidity are considered less than 
significant.  

7.2.2 Pathogens 

Pathogens are viruses, bacteria, and protozoa that can cause illness in humans.  Identifying 
pathogens in water is difficult as the number of pathogens is exceedingly small, thereby 
requiring sampling and filtering large volumes of water.  Traditionally water managers have 
relied on measuring "pathogen indicators," such as total and fecal coliform, as an indirect 
measure of the presence of pathogens. Although such indicators were considered reliable for 
sewage samples, indicator organisms are not necessarily reliable indicators of viable pathogenic 
viruses, bacteria, or protozoa in stormwater because coliform bacteria, in addition to being found 
in the digestive systems of warm-blooded animals, are also found in plants and soil.  Certain 
pathogen indicators can multiply in the field if the substrate, temperature, moisture, and nutrient 
conditions are suitable.  Paulsen and List summarize the debate over the use of pathogenic 
indicators and point out that scientific studies show no correlation between fecal coliform 
densities and gastrointestinal illness in swimmers; therefore, coliform may not indicate a 
significant potential for causing human illness (Paulsen and List, 2005, provided in Appendix D).  
In a recent field study conducted by Schroeder et al., pathogens (in the form of viruses, bacteria, 
or protozoa) were found to occur in 12 of 97 samples taken, but the samples that contained 
pathogens did not correlate with the concentrations of indicator organisms (Schroeder et al. 
2002).   Most researchers who have correlated human illness to fecal indicator bacteria levels 
have conducted epidemiological studies in waters receiving point inputs of treated or raw 
sewage; few epidemiological studies have tested the health effects of exposure to water receiving 

                                                                                                                                                             
process changes; non-water quality environmental impact (including energy requirements); and other factors as the 
Administrator deems appropriate.  Clean Water Act §304(b)(4)(B).  The Administrator of U.S. EPA has not issued 
regulations specifying BAT or BCT for construction site discharges.   
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direct and recent stormwater runoff. Thus there is no explicit documentation of the health effects 
of stormwater based on epidemiological studies (WERF, 2007). 
There are numerous sources of pathogen indicators, including birds and other wildlife, as well as 
domesticated animals and pets, soils, and plant matter. Anthropogenic sources may include 
poorly functioning septic systems, cross-connections between sewer and storm drains, and the 
utilization of outdoor areas for human waste disposal by people without access to indoor sanitary 
facilities.  
 
It is recognized that natural levels of bacteria are present in the Project’s receiving waters and 
that control of such natural sources is not required nor desired by regulatory agencies.  For 
example, the LARWQCB TMDL for bacteria in the Malibu Creek watershed makes provisions 
for background levels of bacteria associated with natural sources (LARWQCB, 2004). Bacteria 
TMDLs have not been developed for the Santa Clara River. 
 
Data collected from undeveloped watersheds or watersheds with little development indicate that 
bacterial standards are often exceeded. For example, monitoring data obtained by Los Angeles 
County (LACDPW, 2000) for vacant land use showed a mean fecal coliform concentration of 
1,397 MPN/100 mL in 21 samples (compared to the REC1 water quality criteria of 400 
MPN/100 mL).  The USEPA has recognized that routine exceedances of ambient water quality 
criteria due to natural sources of pollution occur.  In response, the USEPA has recommended 
changes to designated uses as the most appropriate way to address these situations (Paulsen and 
List, 2005).  The monitoring data collected in the tributaries of the Santa Clara River showed a 
range of fecal coliform concentrations from 953 MPN/100 mL to greater than 81,200 MPN/100 
mL (see Table 2-18). 
 
The USEPA has compiled an extensive database on stormwater data collected as part of its 
program to regulate stormwater (Pitt et al., 2003).  These data were drawn from 65 programs in 
17 states throughout the United States. The data indicate that median fecal concentrations range 
from about 4,500 to 7,700 MPN/100 mL for a range of commercial and residential land uses, 
compared to a median value of around 3,000 MPN/100 mL for open space and vacant land.  
These data represent urban areas that in general do not have source and treatment controls, and 
therefore are not indicative of runoff from the proposed Specific Plan build-out.   
 
Runoff from agricultural watersheds involving horticulture and row cropping is known to 
similarly contain relatively high levels of indicator bacteria.  Data from a stormwater drain 
serving an agricultural watershed with predominantly row crops in Ventura County showed 
similar median fecal coliform levels (~ 7,000 MPN/100 mL) to that found for general urban 
runoff (Ventura County, 2005).  Agricultural land and open space areas likely share some of the 
same wildlife sources, but livestock may be present as well.  These data indicate that wildlife, 
livestock, plants and/or soils can be a very important source of pathogens and/or pathogen 
indicators such as fecal coliform. 
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Additionally, a study conducted by PBS&J in coastal watersheds near Laguna Beach in Orange 
County (PBS&J, 1999) found that indicator bacteria concentrations in receiving waters 
downstream from the developed/urban watersheds were not significantly different than 
concentrations in receiving waters downstream from undeveloped watersheds.  Additional 
analysis conducted by Paulsen and List (Paulsen and List, 2005) further supported these findings.  
These studies suggest that the development under the Specific Plan would not result in 
appreciable changes in pathogen levels in the receiving waters compared to the existing 
conditions. 
 
The primary sources of fecal coliform from the Specific Plan development would likely be 
sediment, pet wastes, wildlife, and regrowth in the storm drain itself.  Other sources of pathogens 
and pathogen indicators, such as cross connections between sanitary and storm sewers, are 
unlikely given modern sanitary sewer installation methods and inspection and maintenance 
practices.  
 
The levels of bacteria in runoff from the Specific Plan projects would be reduced by: 
 

• source controls, and 

• treatment controls. 

The most effective means of controlling pet wastes and wastes from human interaction with 
wildlife is through source control, specifically education of pet owners, education regarding 
feeding of waterfowl near waterbodies, providing products and disposal containers that 
encourage and facilitate cleaning up after pets, and storm drain cleaning practices. These BMPs 
are described in Section 5 Project Design Features.  
 
Although, there are limited data on the effectiveness of extended detention basins to treat 
pathogen indicators, the treatment processes known to be occurring in extended detention basins 
involve sunlight (ultraviolet light) degradation, sedimentation, and infiltration, all of which can 
reduce pathogen concentrations and loads.  Many of the proposed detention basins are to be 
located on relatively infiltrative soils and pathogen removal by filtration is a common and 
effective practice in wastewater treatment.  The Center for Watershed Protection maintains a 
National Pollutant Removal Performance Database that indicates that removal performance for 
pathogen indicators in various types of extended detention basins ranged between 70 to 80 
percent (CWP, 2000).  
 
In addition to treatment by extended detention, bioretention areas and vegetated swales are 
proposed. Bioretention relies on filtration through an amended sand soil layer for water quality 
treatment, while vegetated swales provide sediment removal through settling and allow for 
infiltration of low flows. Again, filtration and infiltration are effective means of treating 
pathogen indicators. The city of Austin, Texas conducted a number of studies on the 
effectiveness of sedimentation/filtration treatment systems for treating stormwater runoff (City of 
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Austin, 1990; CWP, 1996). Most of the structures were designed to treat one-half inch of runoff. 
Data from four sand filters indicated a range of removals from 37 percent to 83 percent for fecal 
coliform, and 25 percent to 81 percent for fecal streptococci. Research on the use of filtration to 
remove bacteria also has been conducted in Florida by the Southwest Florida Water Management 
District (Kurz, 1999). Significant reductions in total and fecal coliform bacteria and the other 
indicators were observed between inflow and outflow samples for sand filtration. Percent 
reductions were measured using flow-weighted sampling techniques. Total coliform bacteria 
removals were less than 70 percent, and fecal coliform bacteria reduction varied from 65 percent 
to 100 percent. In a literature summary, the USEPA reported typical pathogen removal for 
infiltration basins and trenches as 65 to 100 percent (USEPA, 1993). 
 
In summary, stormwater discharges from the Project could potentially exceed the REC-1 Basin 
Plan standard for fecal coliform and therefore impacts from indicator bacteria may be significant 
prior to mitigation. However, although such fecal indicator bacteria were considered reliable for 
sewage samples, indicator organisms are not necessarily reliable indicators of viable pathogenic 
viruses, bacteria, or protozoa in stormwater because coliform bacteria, in addition to being found 
in the digestive systems of warm-blooded animals, are also found in plants and soil. Potential 
post-development pathogen sources include natural sources, and it is recognized that natural 
levels of bacteria are present in the Project's receiving waters and that control of such natural 
sources is not required nor desired by regulatory agencies. Anthropogenic sources include 
leaking septic and sewer systems and pet wastes. The Project will not include septic systems and 
the sewer system will be designed to current standards which minimizes the potential for leaks. 
The proposed Project development, consistent with the MS4 permit requirements, includes a 
comprehensive set of source and treatment control BMPs selected to manage pollutants of 
concern, including pathogens and pathogen indicators. With this series of BMPs, the Project 
would not result in substantial changes in pathogen levels in the receiving waters compared to 
existing conditions, and potential water quality impacts related to pathogens are considered less 
than significant.    

7.2.3 Hydrocarbons 

Various forms of hydrocarbons (oil and grease) are common constituents associated with urban 
runoff; however, these constituents are difficult to measure and are typically measured with grab 
samples, making it difficult to develop reliable EMCs for modeling.  Based on this consideration, 
hydrocarbons were not modeled but are addressed qualitatively. 
 
Hydrocarbons are a broad class of compounds, most of which are non-toxic. Hydrocarbons are 
hydrophobic (low solubility in water), have the potential to volatilize, and most forms are 
biodegradable.  A subset of hydrocarbons, Polynuclear Aromatic Hydrocarbons (PAHs) can be 
toxic depending on the concentration levels, exposure history, and sensitivity of the receptor 
organisms. Of particular concern are those PAH compounds associated with transportation-
related sources.  
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Although the concentration of hydrocarbons in runoff is expected to increase slightly under post-
development conditions due to the increase in roadways, driveways, parking areas, and vehicle 
use, the PDFs are expected to prevent appreciable increases in hydrocarbon concentrations from 
leaving the Project site.  Source control PDFs that address petroleum hydrocarbons include 
educational materials on used oil programs, carpooling, and public transportation alternatives to 
driving; BMP maintenance; and street sweeping private streets.  Although vehicle emissions and 
leaks are the primary source of hydrocarbons in urban areas, it is anticipated that vehicles in the 
proposed development will in general be well maintained and newer models which will help to 
limit emissions and leaks.  Lastly, the parking lot site design, source controls, treatment BMPs 
and vegetation and soils within the treatment control PDFs will adsorb the low levels of 
emulsified oils in stormwater runoff, preventing discharge of hydrocarbons and visible film in 
the discharge or the coating of objects in the receiving water. 
 
The majority of PAHs in stormwater adsorb to the organic carbon fraction of particulates in the 
runoff, including soot carbon generated from vehicle exhaust (Ribes et al., 2003).  For example, 
a stormwater runoff study by Marslek et al. (1997) found that the dissolved-phase PAHs 
represented less than 11 percent of the total concentration of PAHs.  Consequently, the extended 
detention basins, bioretention areas, and vegetated swales proposed as PDFs, which are designed 
to treat pollutants through settling, filtration, and infiltration, will be effective at treating PAHs.   
 
Los Angeles County conducted PAH analyses on 27 stormwater samples from a variety of land 
uses in the period 1994-2000 (LACDPW, 2000).  For those land uses where sufficient samples 
were taken and were above detection levels to estimate statistics, the mean concentrations of 
individual PAH compounds ranged from 0.04 to 0.83 µg/L.  The reported means were less than 
acute toxicity criteria available from the literature (Suter and Tsao, 1996).  Moreover, the Los 
Angeles County data do not account for any treatment, whereas the treatment in the PDFs should 
result in a reduction in hydrocarbon concentrations inclusive of PAHs.  This makes it very 
unlikely that impacts will occur to the receiving water due to hydrocarbon loads or 
concentrations.  On this basis, the effect of the Project on petroleum hydrocarbon levels in the 
receiving waters post-development is considered less than significant.  
 
During the construction phase of the Project, hydrocarbons in site runoff could result from 
construction equipment/vehicle fueling or spills.  Construction related impacts are addressed in 
Section 7.4 below.  However, pursuant to the Construction General Permit, the Construction 
Stormwater Pollution Prevention Plan must include BMPs that address proper handling of 
petroleum products on the construction site, such as proper petroleum product storage and spill 
response practices, and those BMPs must effectively prevent the release of hydrocarbons to 
runoff per the Best Available Technology Economically Achievable and Best Conventional 
Pollutant Control Technology standards.  PAH that are adsorbed to sediment during the 
construction phase would be effectively controlled via the erosion and sediment control BMPs.  
For these reasons, construction-related water quality impacts related to hydrocarbons are 
considered less than significant. 
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7.2.4 Pesticides 

Pesticides can be of concern where past farming practices involved the application of persistent 
organochlorine pesticides.  Legacy pesticides Chlordane, Dieldrin, DDT, and Toxaphene are of 
particular concern, as TMDLs have been established for these pesticides in the Santa Clara River 
estuary, approximately 40 miles downstream of the Project and this reach of the river.  Historical 
pesticides should no longer be discharged in the watershed except in association with erosion of 
sediments to which these pollutants may have adhered in the past.  Site development involves the 
importation of approximately 6,000,000 cubic yards of soil from non-agricultural areas, as well 
as required remedial grading which will stabilize soils and prevent their transport from the 
Project site, actually reducing the potential for discharge of sediments to which historical 
pesticides may have adsorbed in pre-development conditions. 
 
In the post-developed condition, pesticides will be applied to common landscaped areas and 
residential lawns and gardens.  Pesticides that have been commonly found in urban streams 
include the organophosphate pesticides chlorpyrifos and diazinon (Katznelson and Mumley, 
1997).  However, only 0 to 13% of the samples in the Los Angeles County database had 
detectable levels of diazinon (depending on the land use) while levels of chlorpyrifos were below 
detection limits for all land uses in all samples taken between 1994 and 2000 (LACDPW, 2000).  
Other pesticides presented in the database were seldom measured above detection limits.  
Furthermore, these data represent flows from areas without treatment controls, unlike the 
proposed Project, which does incorporate treatment control PDFs. 
 
Diazinon and chlorpyrifos are two pesticides of concern due to their potential toxicity in 
receiving waters.  The USEPA has banned all indoor uses of diazinon in 2002 and stopped all 
sales for all outdoor non-agricultural use in 2003 (USEPA, June, 2002)7.  With no agricultural 
uses planned for the proposed Project, diazinon would not be used at the proposed Project site.  
The USEPA has also phased out most indoor and outdoor residential uses of chlorpyrifos and has 
stopped all non-residential uses where children may be exposed.  Use of chlorpyrifos in the 
proposed Project area is not expected, with the possible exception of emergency fire ant 
eradications until such time as reasonable alternative products are available and only with 
                                                 
7 Changes to the use of chlorpyrifos include reductions in the residue tolerances for agricultural use, phases out 
nearly all indoor and outdoor residential uses, and also stops non-residential uses where children may be exposed. In 
Orange County, residential use accounts for around 90% of total chlorpyrifos (USEPA, June 2002).  Retail sales of 
chlorpyrifos were stopped by December 31, 2001, and structural (e.g. construction) uses will be phased out by 
December 31, 2005.  Some continued uses will be allowed, for example public health use for fire ant eradication and 
mosquito control will be permitted by professionals. 
 
Permissible uses of diazinon will also be restricted.  All indoor uses are prohibited (as of 12/2002) and retailers were 
required to end sales for indoor use on December, 2002.  All outdoor non-agricultural uses were phased out by 
December 31, 2004.  Therefore it is likely that the USEPA agreement will eliminate most of the use of diazinon 
within the NRSP area.  The use of diazinon for many agricultural crops has been eliminated (USEPA 2001), while 
some use of this chemical will continue to be permitted for some agricultural activities. 
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appropriate application practices in accordance with the golf course and landscape pesticide 
management program.   
 
Diazinon had long been one of the most commonly used pesticides on the market (SFBRWQCB, 
2005) before its use was phased-out.  Although the U.S. Environmental Protection Agency’s 
actions eliminated most urban diazinon uses by the end of 2004, phasing out diazinon likely has 
increased post-2004 reliance on alternative pesticides and encouraged new pesticides to enter the 
marketplace.   
 
The San Francisco Regional Water Quality Control Board commissioned a study, Insecticide 
Market Trends and Potential Water Quality Implications, to evaluate pesticide use trends as they 
relate to water quality.  In 2003, on the basis of current and projected pesticide use and possible 
water quality risks, the report considered the pesticide alternatives of potential concern for water 
quality to be pyrethrums; parathyroid’s (bifenthrin, cyfluthrin, cypermethrin, deltamethrin, 
esfenvalerate, and permethrin); carbaryl; malathion; and imidacloprid (SFBRWQCB, 2003).  A 
more recent study also identified lambda cyhalothrin (a pyrethroid) and fipronil among pesticides 
of interest (SFEP, 2005). 
 
The water quality risks posed by a pesticide relate to the quantity of the pesticide used, its runoff 
characteristics, and its relative toxicity in water and sediment.  As urban diazinon applications 
are phased out, the use of some alternatives may inadvertently pose new water quality risks.  
Given what is known about alternative pesticide use trends, pyrethroids may be the alternatives 
that pose the greatest concerns for water quality (SFBRWQCB, 2005).  Although pyrethroids 
tend to be toxic to Ceriodaphnia dubia test organisms at concentrations in water comparable to 
diazinon, pyrethroids do not dissolve well in water but instead adhere well to surfaces, including 
particles in the environment (SFBRWQCB, 2005).  At equilibrium, pyrethroid concentrations in 
sediment are reported to be about 3,000 times greater than dissolved concentrations in water 
(SFBRWQCB, 2005).  Thus, BMPs targeting reductions and removal of sediment loads will be 
effective to reduce and remove pyrethroids as well. 
 
Source control measures such as education programs for owners, occupants, and employees in 
the proper application, storage, and disposal of pesticides are the most promising strategies for 
controlling the pesticides that will be used post-development.  Structural treatment controls are 
less practical because of the variety of pesticides and wide range of chemical properties that 
affect their ability to treat these compounds.  However, most pesticides, including historical 
pesticides that may be present at the site, are relatively insoluble in water and therefore tend to 
adsorb to the surfaces of sediment, which will be stabilized with development, or if eroded, will 
be settled or filtered out of the water column in the water quality treatment PDFs.  Thus, 
treatment in the bioretention, vegetated swales, and extended detention basin should achieve 
some removal of pesticides from stormwater as TSS is reduced.   
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For common area landscaping in commercial areas, multi-family residential areas, and parks, an 
Integrated Pest Management (IPM) Program will be incorporated.  The goal of an IPM is to keep 
pest levels at or below threshold levels, reducing risk and damage from pest presence, while 
eliminating the risk from the pest control methods used.  IPM programs achieve these goals 
through the use of low risk management options by emphasizing use of natural biological 
methods and the appropriate use of selective pesticides.  IPM programs also incorporate 
environmental consideration by implementing procedures that minimize intrusion and alteration 
of biodiversity in ecosystems. 
 
While pesticides are subject to degradation, they vary in how long they maintain their ability to 
eradicate pests.  Some break down almost immediately into nontoxic byproducts, while others 
can remain active for longer periods of time.  While pesticides that degrade rapidly are less likely 
to adversely affect non-targeted organisms, in some instances it may be more advantageous to 
apply longer-lasting pesticides if it results in fewer applications or smaller amounts of pesticide 
use.  As part of the Integrated Pest Management program, careful consideration will be made as 
to the appropriate type of pesticides for use on the Project site.  While pesticide use is likely to 
occur due to maintenance of landscaped areas, particularly in the residential portions of the 
development, careful selection, storage and application of these chemicals for use in common 
areas per the IPM Program will help prevent adverse water quality impacts from occurring.  
Additionally, as discussed above, removal of sediments in the PDFs will also remove sediment-
adsorbed pesticides.  
  
Based on the incorporation of site design, source control, and treatment control BMPs pursuant 
to SUSMP requirements and the use of an Integrated Pest Management Program, potential post-
development impacts associated with pesticides are expected to be less than significant. 
 
Transport of legacy pesticides adsorbed to existing site sediments may be a concern during the 
construction phase of development.  Construction-related impacts are addressed in Section 7.4 
below.  The Construction Stormwater Pollution Prevention Plan must contain sediment and 
erosion control BMPs pursuant to the Construction General Permit, and those BMPs must 
effectively control erosion and the discharge of sediment along with other pollutants per the 
BAT/BCT standards.  Based on these sediment controls, construction-related impacts associated 
with pesticides are expected to be less than significant. 

7.2.5 Trash and Debris 

Urban development tends to generate significant amounts of trash and debris.  Trash refers to any 
human-derived materials including paper, plastics, metals, glass and cloth.  Debris is defined as 
any organic material transported by stormwater, including leaves, twigs, and grass clippings 
(DLWC, 1996).  Debris can be associated with the natural condition.  Trash and debris can be 
characterized as material retained on a 5-mm mesh screen.  It contributes to the degradation of 
receiving waters by imposing an oxygen demand, attracting pests, disturbing physical habitats, 
clogging storm drains and conveyance culverts and mobilizing nutrients, pathogens, metals, and 
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other pollutants that may be attached to the surface.  Sources of trash in developed areas can be 
both accidental and intentional.  During wet weather events, gross debris deposited on paved 
surfaces can be transported to storm drains, where it eventually can be discharged to receiving 
waters. Trash and debris can also be mobilized by wind and transported directly into waterways,  
imposing an oxygen demand on the water body as organic matter decomposes.  
  
Urbanization could significantly increase trash and debris loads if left unchecked.  However, the 
PDFs, including source control and treatment BMPs, will minimize the adverse impacts of trash 
and debris.  Source controls such as street sweeping, public education, fines for littering, and 
storm drain stenciling can be effective in reducing the amount of trash and debris that is available 
for mobilization during wet and dry weather events.  Common area litter control will include a 
litter patrol, covered trash receptacles, emptying of trash receptacles in a timely fashion, and 
noting trash violations by tenants/homeowners or businesses and reporting the violations to the 
owner/HOA for investigation. Catch basin inserts will be provided for high use parking lots.  The 
PDFs will remove or prevent the release of floating materials, including solids, liquids, foam, or 
scum, from runoff discharges and will prevent impacts on dissolved oxygen in the receiving 
water due to decomposing debris.  Based on these considerations,  post-development trash and 
debris is not expected to significantly impact the receiving waters of the Project. 
 
During the construction phase, there is potential for an increase in trash and debris loads due to 
lack of proper contractor good housekeeping practices at the construction site.  Per the 
Construction General Permit, the SWPPP for the site will include BMPs for trash control (catch 
basin inserts, good housekeeping practices, etc.).  Compliance with the Permit Requirements and 
inclusion of these BMPs, meeting BAT/BCT, included in the SWPPP will mitigate impacts from 
trash and debris to a level less than significant.  See Section 7.4 below for a full discussion of 
Construction Related Impacts. 

7.2.6 Methylene Blue Activated Substances (MBAS) 

MBAS, which is related to the presence of detergents in runoff, may be incidentally associated 
with urban development due to commercial and/or residential vehicle washing or other outdoor 
washing activities.  Surfactants disturb the surface tension which affects insects and can affect 
gills in aquatic life. 
 
The presence of soap in Project runoff will be controlled through the source control PDFs, 
including a public education program on residential and charity car washing, and the provision of 
a car wash pad connected to sanitary sewer in the multi-family residential areas.  Other sources 
of MBAS, such as cross connections between sanitary and storm sewers, are unlikely given 
modern sanitary sewer installation methods and inspection and maintenance practices.  
Therefore, MBAS are not expected to significantly impact the receiving waters of the Project. 
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7.2.7 Cyanide 

The information on cyanide levels in urban stormwater is relatively sparse.  The incidence of 
detection of cyanide in urban stormwater is relatively low, except in some special cases.  In the 
Nationwide Urban Runoff Project (NURP), cyanide was detected in runoff from four cities out 
of a total of 15 cities that participated in the monitoring program (USEPA 1983).   Overall, 
cyanide was detected in 23 percent of the urban runoff samples collected (16 out of a total of 71 
samples), at concentrations ranging from 2 to 33 µg/L (Cole et al. 1984).  Of the 71 samples, 
only 3 percent (i.e., 2) exceeded the freshwater acute guideline of 22 µg/L (USEPA 1983).  The 
predominant sources of cyanides found in urban runoff samples were reported to be products of 
gasoline combustion and anti-caking ingredients in road salts (Cole et al. 1984).   
 
A review of highway runoff (Colman 2001) suggested that deicing salts are the main source of 
cyanide in highway runoff.  It has been estimated that approximately two million pounds of 
sodium ferrocyanide, which is used as an anticaking agent in road salts during the winter in the 
northeastern United States, are washed off from roads into streams and storm sewers (USEPA 
1981; Gaffney et al. 1987).  Information on the quality of snow packs and snow melt support the 
premise that deicing salts are the major source of cyanide in stormwater.  For example, 
concentrations of cyanide in snow packs ranged up to 314 µg/L in Milwaukee and Syracuse 
(Novotny et al. 1999).  An urban stream receiving snow melt in Milwaukee had an average 
cyanide concentration of 31 µg/L (<2 – 45 µg/L).  Two urban streams in Syracuse had average 
cyanide concentrations of 8 µg/L (<2 – 27 µg/L) and 48 µg/L (<2 – 167 µg/L), respectively.  
Reconsidering the NURP findings, three of the four cities which detected cyanide are within the 
snowbelt, and may have used deicing salts containing anti-caking agents.  One (Austin, Texas) 
presumably does not.   
 
In contrast to these relatively high concentrations associated with deicing salts, runoff from cities 
which do not use deicing salts or from northern cities outside the snow season has lower 
concentrations of cyanides.  The City of Fresno NURP study (Brown & Caldwell, 1984) found 
undetectable cyanide (< 10 µg/L) in 19 grab samples of stormwater runoff from four watersheds 
with different land uses.  Highway runoff from three urban sites in Michigan had average 
cyanide concentrations ranging from 5.8 – 9.3 µg/L.  Samples were collected from June through 
October, which was outside the season where deicing salts might be used.  Traffic volumes were 
high and ranged from 40,000 to 120,000 vehicles per day.   
 
It is highly probable that the reported concentrations which exceed the freshwater acute guideline 
in urban stormwater are associated with the use of deicing salts containing the de-caking agent 
ferrocyanide.   In situations where deicing salts are not being used, and where vehicle exhaust 
may be the dominant source, concentrations are much less (e.g., typically < 10 µg/L), even with 
high traffic volumes.  Anti-caking agents will not be a source of cyanide in urban stormwater in 
the Project, and the forgoing discussion suggests that concentrations in stormwater runoff from 
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the Project may reach concentrations of magnitude of approximately 10 µg/L, but are highly 
unlikely to exceed the acute CTR criteria of 22 µg/L.   
 
The detectable concentrations observed in the Santa Clarita River at the mass emission station 
S29 (average of 10 µg/L) may be in part due to untreated urban stormwater runoff from the City 
of Santa Clarita.  However, other sources are likely to be more significant.  A potential source is 
cyanide from burnt catchments.   For example, cyanide concentrations in run-off obtained from 
an area that had been burned in a wildfire that occurred in Tennessee and North Carolina 
averaged 49 µg/L (Barber et al. 2003). Higher cyanide concentrations were reported in run off 
from a wild fire that occurred in New Mexico, with an average value of 80 µg/L. 
 
In addition to the expected relatively low level of cyanide in untreated stormwater, cyanide in 
runoff from the Project would be readily removed by biological uptake, degradation by 
microorganisms, and by volatilization in the treatment PDFs, especially the dry extended 
detention basins.  Therefore cyanide is not expected to significantly impact the receiving waters 
of the Project. 

7.3 MS4 Permit Requirements for New Development as Defined in the SUSMP 

Project Design Features (PDFs) include site design, source control, and treatment control BMPs 
in compliance with the SUSMP requirements, as described in Section 5.1 and summarized in 
Table 5-1.  Treatment control PDFs will treat runoff from the entire urban portion of the Project.  
Sizing criteria contained in the MS4 Permit and the SUSMP requirements will be met for all 
treatment control BMPs.   
 
In summary, the proposed site design, source control, and treatment control PDFs have been 
selected based on: 
 

• effectiveness for addressing pollutants of concern in Project runoff, resulting in 
insignificant water quality impacts;  

• sizing and outlet design consistent with the MS4 Permit and SUSMP requirements; 

• additional design guidance consistent with the California BMP Handbook: New 
Development and Redevelopment, other literature, and best professional judgment;  

• hydrologic and water quality modeling to verify performance; 

• meeting mean annual percent capture criteria contained in the California BMP New 
Development Manual; and  

• providing specific O&M requirements to inspect and maintain the facilities. 

On this basis, the proposed PDFs meet the MS4 Permit requirements for new development. 
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7.4 Construction-Related Impacts 

The potential impacts of construction activities, construction materials, and non-stormwater 
runoff on water quality during the construction phase focus primarily on sediment (TSS and 
turbidity) and certain non-sediment related pollutants.  Construction-related activities that expose 
soils to potential mobilization by rainfall/runoff and wind are primarily responsible for sediment 
releases.  Such activities include removal of vegetation from the site, grading of the site, and 
trenching for infrastructure improvements.  Environmental factors that affect erosion include 
topographic, soil, and rainfall characteristics.  Non sediment-related pollutants associated waste 
construction materials (e.g., paint, stucco, etc); chemicals, liquid products, and petroleum 
products used in building construction or the maintenance of heavy equipment; and concrete-
related pollutants are also of concern during construction. 
 
Construction impacts due to Project development, including the grading activities and in-stream 
construction elements, will be minimized through compliance with the Construction General 
Permit.  This permit requires the development and implementation of a Storm Water Pollution 
Prevention Plan (SWPPP), which must include erosion and sediment control BMPs that will 
meet or exceed measures required by the Construction General Permit, as well as BMPs that 
control the other potential construction-related pollutants.  Erosion control BMPs are designed to 
prevent erosion, whereas sediment controls are designed to trap sediment once it has been 
mobilized.  Waste and construction material control BMPs generally call for management of 
construction-related materials, such as cement, stucco, paint, hydrocarbons, and similar 
materials, to avoid discharges of runoff containing these materials.  A SWPPP will be developed 
as required by, and in compliance with, the Construction General Permit and the County of Los 
Angeles Standard Conditions.  The General Permit requires the SWPPP to include a menu of 
BMPs to be selected and implemented based on the phase of construction and the weather 
conditions to effectively control erosion and pollutants to the BAT/BCT.  The following types of 
BMPs from the Stormwater Best Management Practice Handbook - Construction (CASQA 
2003) will be implemented during construction (CASQA Handbook BMP numbers are indicated 
in parenthesis): 
 

• Erosion Control (EC-3 through EC-7 and WE-1) 

- Physical stabilization through hydraulic mulch, soil binders, straw mulch, bonded 
fiber matrices, and erosion control blankets (i.e., rolled erosion control products). 

- Limiting the area and duration of exposure of disturbed soils. 

- Soil roughening of graded areas (through track walking, scarifying, sheepsfoot 
rolling, or imprinting) to slow runoff, enhance infiltration, and reduce erosion. 

- Vegetation stabilization through temporary seeding to establish interim vegetation. 

- Wind erosion (dust) control through the application of water or other dust palliatives 
as necessary to prevent and alleviate dust nuisance. 
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• Sediment Control  

- Perimeter protection to prevent discharges through silt fences, fiber rolls, gravel bag 
berms, sand bag barriers, and straw bale barriers (SE-1, 5, 6, 8 and 9). 

- Storm drain inlet protection (SE-10). 

- Resource (Environmentally Sensitive Area) protection through silt fences, fiber rolls, 
gravel bag berms, sand bag barriers, and straw bale barriers (SE-1, 5, 6, 8, and 9). 

- Sediment capture through sediment traps, storm drain inlet protection, and sediment 
basins (SE-3, 10, and 2). 

- Velocity reduction through check dams, sediment basins, and outlet 
protection/velocity dissipation devices (SE-2, 4, and 10). 

- Reduction in off-site sediment tracking through stabilized construction entrance/exit, 
construction road stabilization, and entrance /exit tire wash (TE-1, 2 and 3). 

• Waste and Materials Management  

- Management of the following types of materials, products, and wastes: solid, sanitary, 
concrete, hazardous and equipment-related wastes (MW-1, 2, and 4 through 10 and 
NS-8 through 10). 

- Protection of soil stockpiles through covers, the application of water or soil binders, 
and perimeter control measures (MW-3). 

• Non-stormwater Management 

- BMPs or good housekeeping practices to reduce or limit pollutants at their source 
before they are exposed to stormwater, including such measures as: water 
conservation practices, vehicle and equipment cleaning and fueling practices (NS-1 
through 16). 

• Training and Education 

- Training of individuals responsible for SWPPP preparation, implementation, and 
permit compliance, including contractors and subcontractors. 

- Signage (bilingual, if appropriate) to address SWPPP-related issues (such as site clean 
up policies, BMP protection, washout locations, etc). 

• Maintenance, Monitoring and Inspections 

- Performing routine site inspections and inspections before, during (for storm events > 
24 hours), and after storm events. 

- Implementing maintenance and repairs of BMPs as indicated by routine and storm-
event inspections. 

- Preparation and implementation of a Sampling and Analysis Plan for non-visible 
pollutants. 

These construction site management BMPs will be implemented for the Project during the dry 
season and wet season as follows: 
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Dry Season Construction Phase BMPs 

a. Wind erosion BMPs (dust control). 
 

b. Soil roughening of graded areas (track walking, scarifying, sheepsfoot rolling, or 
imprinting).  

 
c. Sediment control BMPs at the down gradient site perimeter and all operational storm 

drain inlets internal to the planning area. 
 
d. Off-site tracking BMPs.  
 
e. Appropriate waste management and materials pollution BMPs. 
 
f. Appropriate non-storm water BMPs to prevent or reduce the contamination of 

stormwater by construction activities and materials. 
 
g. A “weather triggered” action plan to deploy standby erosion and sediment control 

BMPs to protect exposed portions of the site within 48 hours of a predicted storm 
event. 

 
h. Sufficient standby BMP materials to implement the above action plan. 

 
i. Deployment of post-construction erosion control BMPs as soon as practicable. 

Wet Season Construction Phase BMPs  

In addition to the dry season BMPs noted above: 
 

a. Limiting the area and duration of exposure of disturbed soil areas.  This may be 
accomplished by retention of natural vegetation in areas not scheduled for immediate 
grading, phasing the grading, and stabilizing disturbed areas quickly. 

 
b. Implementation of an effective combination of erosion and sediment control measures 

on all disturbed areas. 
 

c. Sufficient standby BMP materials to implement the above weather triggered action 
plan. 

The Construction General Permit does not recognize a wet season by dates; therefore, the wet 
season requirements will be implemented year round if there is a storm event predicted. 
 
The significance criteria for the project construction phase is implementation of BMPs consistent 
with Best Available Technology Economically Achievable and Best Conventional Pollutant 
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Control Technology (BAT/BCT), as required by the Construction General Permit and the general 
waste discharge requirements in the Dewatering General Permit.  The projects will reduce or 
prevent erosion and sediment transport and transport of other potential pollutants from the 
project site during the construction phase through implementation of BMPs meeting BAT/BCT 
standards in order to prevent or minimize environmental impacts and to ensure that discharges 
during the project construction phase will not cause or contribute to any exceedance of water 
quality standards in the receiving waters.  These BMPs will assure effective control of not only 
sediment discharge, but also of pollutants associated with sediments, such as and not limited to 
nutrients, heavy metals, and certain pesticides, including legacy pesticides.  In addition, 
compliance with BAT/BCT requires that BMPs used to control construction water quality are 
updated over time as new water quality control technologies are developed and become available 
for use.  Therefore, compliance with the BAT/BCT performance standard ensures mitigation of 
construction water quality impacts over time. 
 
Construction on the project sites may require dewatering and non-stormwater related discharges.  
For example, dewatering and non-stormwater related discharges may be necessary for the 
construction of bridge abutments, bank stabilization, and outfall protection; if groundwater is 
encountered during grading; or to allow discharges associated with testing of water lines, 
sprinkler systems and other facilities.  In general, the Construction General Permit authorizes 
construction dewatering activities and other construction related non-stormwater discharges as 
long as they (a) comply with Section A.9 of the General Permit; (b) do not cause or contribute to 
violation of any water quality standards, (c) do not violate any other provisions of the General 
Permit, (d) do not require a non-stormwater permit as issued by some RWQCBs, and (e) are not 
prohibited by a Basin Plan provision.  Full compliance with applicable local, state and federal 
water quality standards by the applicant would assure that potential impacts from dewatering 
discharges are not significant. 
 
An additional Project Design Feature will be implemented to protect receiving waters from 
dewatering and construction related non-stormwater discharges.  Such discharges will be 
implemented in compliance with the Los Angeles RWQCB’s General Waste Discharge 
Requirements (WDRs) under Order No. R4-2003-0111, NPDES No. CAG994004 governing 
construction-related dewatering discharges within the Project development areas.  Typical BMPs 
for construction dewatering include infiltration of clean groundwater; on-site treatment using 
suitable treatment technologies; on-site or transport offsite for sanitary sewer discharge with 
local sewer district approval; or use of a sedimentation bag for small volumes of localized 
dewatering.  Compliance with these WDRs constitutes a PDF, further assuring that the impacts 
of these discharges are not significant. 
 
On this basis, the impact of Project construction-related runoff is considered less than significant. 
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7.5 Pollutant Bioaccumulation  

Certain pollutants have the potential to accumulate in treatment BMP vegetation and soils, 
potentially increasing the risk of exposure to wildlife and the food chain. Factors that could 
affect the extent of potential bioaccumulation include: 

• The bioavailability of the pollutant; 

• Conditions in the soils (e.g., pH, acid-volatile sulfide concentration, organic content) that 
affect the form and bioavailability of the pollutant; 

• The efficiency by which pollutants in the soils enter the plant community, the storage of 
these pollutants in plant tissues that are edible, and the utilization of the plants as a food 
source by animals; 

• The type of habitats, organisms attracted to these habitats, and their feeding habits; and 

• System design and maintenance. 

The primary pollutants of concern with regard to bioaccumulation are mercury and selenium. 
However, as indicated by the water quality monitoring conducted by Los Angeles County at the 
Santa Clara River mass emission station S29 (LACDPW, 2005), selenium and mercury are not 
naturally present at levels of concern in this watershed. Since these pollutants would not be 
introduced by the Project, bioaccumulation of selenium and mercury is not expected. 
 
The potential for bioaccumulation impacts from the Project's treatment control facilities, 
including bioretention, vegetated swales, and extended detention basins, would be minimal. 
Since the tributary areas to the BMPs are largely impervious, very little coarse solids and 
associated pollutants are expected to be generated. The vegetation in the facilities would trap 
sediments and pollutants in the soils, which contain bacteria that metabolize and transform trace 
metals, thereby reducing the potential for these pollutants to enter the food chain. The facilities 
do not provide open water areas and are not likely to attract waterfowl.  
 
Bioaccumulation of pollutants in the Santa Clara River would not be significant due to the low 
predicted concentrations of pollutants such as trace metals, which are predicted to be below the 
benchmark CTR criteria in the treated runoff. Also, sediments in the Santa Clara River are 
transported downstream in the wet season by storm flows, and therefore do not accumulate. 
On this basis, the potential for bioaccumulation and adverse effects on waterfowl and other 
species is considered less than significant.  

7.6 Dry Weather Runoff 

While there are no specific requirements in the MS4 Permit and the SUSMP requirements to 
treat dry-weather discharges from the Project area, pollutants in dry weather flows could also be 
of concern because dry weather flow conditions occur throughout a large majority of the year, 



 

131 

and because some of the TMDLs in downstream reaches of the Santa Clara River are applicable 
for dry weather conditions (e.g., nutrients and chloride). 
 
Dry weather flows are typically low in sediment because the flows are relatively low and coarse 
suspended sediment tends to settle out or is filtered out by vegetation.  As a consequence, 
pollutants that tend to be associated with suspended solids (e.g., phosphorus, some bacteria, 
some trace metals, and some pesticides) are typically found in very low concentrations in dry 
weather flows.  The focus of the following discussion is therefore on constituents that tend to be 
dissolved, e.g., nitrate and trace metals, or constituents that are so small as to be effectively 
transported, e.g., pathogens and oil and grease.   
 
In order to minimize the potential generation and transport of dissolved constituents, landscaping 
in public and common areas will utilize drought tolerant vegetation that requires little watering 
and chemical application.  Landscape watering in common areas, commercial areas, multiple 
family residential areas, and in parks will use efficient irrigation technology utilizing 
evapotranspiration sensors to minimize excess watering.  
 
In addition, educational programs and distribution of materials (source controls) will emphasize 
appropriate car washing locations (at commercial car washing facilities or the car wash pad in 
the multi-family residential areas) and techniques (minimizing usage of soap and water), 
encourage low impact landscaping and appropriate watering techniques, appropriate swimming 
pool dechlorination and discharge procedures, and discourage driveway and sidewalk washing.  
Illegal dumping will be discouraged by stenciling storm drain inlets and posting signs that 
illustrate the connection between the storm drain system and the receiving waters and natural 
systems downstream. 
 
The bioretention areas, vegetated swales, and the extended detention basin will provide treatment 
for and infiltrate dry weather flows and small storm events.  Water cleansing is a natural function 
of vegetation, offering a range of treatment mechanisms.  Sedimentation of particulates is the 
major removal mechanism. However the performance is enhanced as plant materials allow 
pollutants to come in contact with vegetation and soils containing bacteria that metabolize and 
transform pollutants, especially nutrients and trace metals.  Plants also take up nutrients in their 
root system.  Some pathogens would be removed through ultraviolet light degradation.  Any oil 
and grease will be effectively adsorbed by the vegetation and soil within the low flow wetland 
vegetation.  Dry weather flows and small storm flows will infiltrate into the bottom of the basin 
after receiving treatment in the low flow wetland vegetation. 
 
The treatment control PDFs will infiltrate or evapotranspire all expected dry weather runoff (see 
Section 7.9.2 below).  It is expected that no dry weather discharge will occur to the Santa Clara 
River from the Project.  Based on source control PDFs reducing the amount of dry weather 
runoff and treatment control PDFs capturing and treating the dry weather runoff that does occur, 
the impact from dry weather flows is considered less than significant. 
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7.7 Summary of Surface Water Quality Impacts 

7.7.1 Direct Impacts 

With the exception of runoff volume and total aluminum and chloride loads (but not 
concentrations), concentrations and loads of modeled constituents are predicted to decrease 
under proposed conditions when compared to existing conditions.   Furthermore, modeled 
pollutant concentrations in runoff from developed areas with PDFs are below all benchmark 
water quality objectives and criteria and TMDL wasteload allocations for the Santa Clara River 
and are addressed by a comprehensive site design, source control, and treatment control strategy, 
and compliance with MS4 Permit, Construction General Permit, and General De-Watering 
Permit requirements. 
 
Concentrations of hydrocarbons are expected to increase, while concentrations of pathogens, 
pesticides, and trash and debris may or may not increase under proposed conditions when 
compared to existing conditions.  None of the qualitatively assessed constituents are expected to 
significantly impact receiving waters due to the implementation of a comprehensive site design, 
source control, and treatment control strategy in compliance with the MS4 Permit, Construction 
General Permit, and General De-Watering Permit requirements.  Therefore potential impacts 
from the Project on receiving water quality are not expected to be significant. 

7.7.2 Cumulative Impacts 

This section defines the geographic area of potential impact for the cumulative impacts analysis, 
and evaluates impacts from probable future projects together with the incremental effects of the 
proposed Project to determine effects on water quality and hydromodification within this 
geographic area.  The model results presented below are used in addition to consideration of the 
other projects reflected in adopted plans and projections for areas tributary to Santa Clara River 
Reach 5 to get a better overall assessment of cumulative water quality effects on the Santa Clara 
River. 
 
The geographic area for evaluating cumulative impacts includes the unincorporated area of Los 
Angeles County west of The Old Road to the Ventura County line.  This geographic area 
includes the Newhall Ranch subregion, the Entrada subregion, the Legacy Village subregion, and 
the Valencia Commerce Center, as well as existing development in the Six Flags Magic 
Mountain area and the existing Valencia Water Reclamation Plant. 
 
The proposed Entrada Project site is located directly east of the NRSP area and west of Interstate 
5 (Figure 2-1).  Entrada is bounded by the Santa Clara River to the east and north, the Mission 
Village Project within the NRSP to the west, and the Westridge Project to the south.  The 
existing Six Flags Magic Mountain Theme Park is located adjacent to the NRSP and Entrada, but 
is not included in the project site.  The Entrada Project proposes development of single and 
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multi-family residential units, commercial/retail uses, and a hotel on 813 acres.  The project also 
includes private recreational facilities and various trail and road improvements.   
 
The proposed Legacy Village Project is located south of the NRSP area, bordering the Mission 
Village and Homestead Projects, and north of Stevenson Ranch.  The 1,750 acre Legacy Project 
proposes construction of residential areas and commercial space.  Over 1,000 acres of open space 
will be incorporated into the Legacy Village Project, including 50 acres of parks and trails. 
 
The remaining unbuilt portions of the Valencia Commerce Center are located approximately 
one-half mile upstream of the confluence of Castaic Creek and the Santa Clara River.  
Approximately four million square feet of building floor area will be developed over the next 
five to ten years.  Additionally, bank stabilization improvements to Castaic Creek and Hasley 
Creek would be constructed in conjunction with these remaining phases of the Commerce 
Center.  
 
Urban runoff from the NRSP, Entrada, Legacy Village, and the Valencia Commerce Center 
project areas will discharge to the Santa Clara River after treatment.  Each of the projects will 
utilize vegetated swales, bioretention areas, and/or dry extended detention basins, as well as a 
full suite of site design and source control BMPs, to address pollutants of concern in stormwater 
runoff and dry weather discharges from the proposed projects.  Urban runoff from the Magic 
Mountain Theme Park and the Valencia WRP currently drains to the Santa Clara River and will 
continue to do so in proposed conditions without any anticipated change to stormwater 
management controls. 
 
The combined effect on modeled pollutant loads and concentrations of the NRSP, Entrada, 
Legacy Village, and the Valencia Commerce Center proposed projects and the existing Magic 
Mountain Theme Park and Valencia WRP are summarized in Tables 7-17 and 7-18 below, 
respectively.  Note that only stormwater impacts from runoff from the Valencia WRP site are 
included in modeled loads and concentrations; wastewater discharges are not included.  As 
shown in Table 7-17, when considered cumulatively, runoff volumes and loads of TKN, total 
nitrogen, total phosphorus, metals, and chloride are predicted to increase from the NRSP, 
Entrada, Legacy Village, and Valencia Commerce Center projects, while pollutant loads are 
expected to decrease for TSS and nitrate-N + nitrite-N.  Pollutant concentrations from the 
combined projects are predicted to decrease for all modeled parameters (Table 7-18).  Increases 
in pollutant loadings are not anticipated to be significant based on the fact that predicted 
pollutant concentrations are well below benchmark water quality standards and TMDL 
wasteload allocations and are primarily within the range of observed concentrations in Santa 
Clara River Reach 5 (Table 7-19). 
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Table 7-17:  Predicted Average Annual Combined Runoff Volume and Pollutant Loads for 
the NRSP, Legacy Village, Entrada, and Valencia Commerce Center Projects 

Development Condition 
Modeled Parameter Units Existing Developed w/ PDFs Change 

Volume acre-ft 1,245 3,968 2,723 

Total Suspended Solids tons 483 302 -181 

Nitrate-N + Nitrite-N tons 5.4 3.3 -2.1 

Total Kjeldahl Nitrogen tons 5.2 9.6 4.4 

Total Nitrogen tons 10.6 12.9 2.3 

Total Phosphorus tons 1.3 1.5 0.2 

Total Aluminum lbs 4,030 7,396 3,366 

Dissolved Aluminum lbs 732 1,508 776 

Dissolved Copper lbs 39 99 60 

Total Lead lbs 37 77 40 

Dissolved Zinc lbs 477 670 193 

Chloride tons 44 93 49 
 

7-18:  Predicted Average Annual Combined Pollutant Concentrations for the NRSP, 
Legacy Village, Entrada, and Valencia Commerce Center Projects 

Development Condition 
Modeled Parameter Units Existing Developed w/ PDFs Change 

Total Suspended Solids mg/L 285 56 -229 

Nitrate-N + Nitrite-N mg/L 3.2 0.6 -2.6 

Total Kjeldahl Nitrogen mg/L 3.1 1.8 -1.3 

Total Nitrogen mg/L 6.3 2.4 -3.9 

Total Phosphorus mg/L 0.8 0.3 -0.5 

Total Aluminum ug/L 1,191 685 -506 

Dissolved Aluminum ug/L 216 140 -76 

Dissolved Copper ug/L 12 9 -3 

Total Lead ug/L 11 7 -4 

Dissolved Zinc ug/L 141 62 -79 

Chloride mg/L 26 17 -9 
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Table 7-19:  Comparison of Predicted Pollutant Concentrations for the NRSP, Entrada, 
Legacy Village, and Commerce Center 26363 Projects with Water Quality Criteria and 
Observed Concentrations in Santa Clara River Reach 5  

Modeled 
Parameter Units 

Predicted 
Average 
Annual 

Concentration 

TMDL/ Basin 
Plan Water 

Quality 
Objectives 

California 
Toxics Rule 

Criteria1 

Wasteload 
Allocations for 

MS4 Discharges 
into the Santa 
Clara River 

Reach 5   

Range of 
Observed2 

Concentrations 
in Santa Clara 
River Reach 5  

Total 
Suspended 

Solids 
mg/L 56 

Water shall not 
contain suspended 

or settleable 
material in 

concentrations 
that cause 

nuisance or 
adversely affect 
beneficial uses 

NA NA 32 – 6,591 

Nitrate-N + 
Nitrite-N mg/L 0.6 5 NA 6.83 0.5 – 4.8 

Total 
Ammonia mg/L 0.5 2.24 NA 1.755 <0.005 – 1.1 

Total 
Nitrogen mg/L 2.4 NA NA <0.04 – 466 

Total 
Phosphorus mg/L 0.3 

Waters shall not 
contain 

biostimulatory 
substances in 

concentrations 
that promote 

aquatic growth to 
the extent that 
such growth 

causes nuisance or 
adversely affects 
beneficial uses 

NA NA 0.18 – 13.4 

Dissolved 
Copper µg/L 9 NA 32 NA 3.3 – 22.6 

Total Lead µg/L 7 NA 260 NA 0.6 – 40 

Dissolved 
Zinc µg/L 62 NA 250 NA 3 – 37 

Total 
Aluminum µg/L 685 NA 750 NA 131 – 19,650 

Chloride mg/L 17 100 NA 100 3 - 121 
1 Hardness = 250 mg/L, based on minimum observed value at USGS Station 11108500.  Lead criteria is for total 
recoverable lead.  NAWQC aluminum criteria for pH 6.5 – 9.0. 
2 Range of concentrations observed in the Santa Clara River during wet weather (Stations S29, NR1, and NR3, see 
Section 2.3.1). 
3 30-day average. 
4 4-day average, ELS present, 90th percentile pH and temperature pairing observed at USGS Monitoring Station 11108500. 
5 30-day average in Reach 5 below Valencia. 
6 Observed values for TKN (ammonia plus organic nitrogen). 
NA – not applicable 
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As discussed above, the anticipated quality of effluent expected from the Landmark Village  
PDFs will not contribute concentrations of pollutants of concern that would be expected to cause 
or contribute to a violation of the water quality standards in the Project’s receiving waters.  
Therefore, the Project’s incremental effects on surface water quality are not expected to be 
significant. 
 
The Landmark Village Project’s surface runoff water quality, after PDFs, both during 
construction and post-development, is predicted to comply with adopted regulatory requirements 
that are designed by the LARWQCB to assure that regional development does not adversely 
affect water quality, including MS4 Permit and SUSMP requirements; Construction General 
Permit and General Dewatering Permit requirements; and benchmark Basin Plan water quality 
objectives, CTR criteria, and TMDLs.  Any future urban development occurring in the Santa 
Clara River watershed must also comply with these requirements.  By extrapolating the results of 
the direct and cumulative impact analysis modeling done for this Water Quality Technical 
Report, it can be predicted that analysis of other proposed development combined with existing 
conditions would have similar water quality results.  Therefore, cumulative impacts on surface 
water quality of receiving waters from the Project and future urban development in the Santa 
Clara Watershed are addressed through compliance with the MS4 Permit and SUSMP 
requirements; Construction General Permit and General Dewatering Permit requirements; and 
benchmark Basin Plan water quality objectives, CTR criteria, and TMDLs, which are intended to 
be protective of beneficial uses of the receiving waters.  Based on compliance with these 
requirements designed to protect beneficial uses, cumulative water quality impacts are mitigated 
to a level that is less than significant. 

7.8 Groundwater Impacts 

7.8.1 Direct Groundwater Quality Impacts 

Discharge from the Project’s developed areas to groundwater will occur in three ways:  (1) 
through general infiltration of irrigation water, (2) through incidental infiltration of urban runoff 
in the proposed treatment control PDFs after treatment, and (3) through infiltration of urban 
runoff, after treatment in the Project PDFs, in the Santa Clara River, which is the primary 
recharge zone for groundwater in the Santa Clara Valley.  Groundwater quality will be fully 
protected through implementation of the Project’s site design, source control, and treatment 
control PDFs prior to discharge of Project runoff to groundwater. 
 
Per the LARWQCB Clarification Letter (LARWQCB, 2006), generally, the common pollutants 
in stormwater are filtered or adsorbed by soil, and unlike hydrophobic solvents and salts, do not 
cause groundwater contamination.  In any case, infiltration of one to two inches of rainfall in 
semi-arid areas like Southern California where there is a high rate of evapotranspiration presents 
minimal risks. 
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The pollutant of concern with respect to groundwater is nitrate-N plus nitrite-N.  The Basin Plan 
groundwater quality objective for nitrate-nitrogen plus nitrite-nitrogen is 10 mg/L (which is more 
stringent than the objective for nitrate-nitrogen alone (10 mg/L) and for nitrite-nitrogen alone (1 
mg/L)).  The predicted nitrate-nitrogen plus nitrite-nitrogen concentration in runoff after 
treatment in the PDFs is 0.5 mg/L, which is well below the groundwater quality objective.   
 
Wastewater generated by the Landmark Village project will be treated in the Newhall Ranch 
Water Reclamation Plant (WRP).  Treatment at the Newhall Ranch WRP will consist of 
screening, activated sludge secondary treatment with membrane bioreactors, 
nitrification/denitrification, ultraviolet disinfection, and partial reverse osmosis.  Discharges from 
the Newhall Ranch WRP treatment facility are permitted by a NPDES Permit and Waste 
Discharge Requirements (WDRs) issued by the LARWQCB in October 2007 (LARWQCB, 
2007).   Treated effluent from the Newhall Ranch WRP will be used to supply distribution of 
recycled water throughout the Specific Plan area in the form of irrigation of landscaping and 
other approved uses.  The WRP Permit contains effluent limitations that will control the amount 
of conventional, non-conventional, and toxic pollutants discharged to the receiving waters.  
These effluent limits are a combination of technology-based limits (per 40 CFR section 
122.44(a)) and water quality-based limits (per 40 CFR section 122.44(d)).  The effluent 
limitation contained in the Newhall Ranch WRP Permit for nitrate-N plus nitrite-N is 5 mg/L and 
the limitation for nitrite-N is 0.9 mg/L (average monthly).  As the Basin Plan groundwater 
quality objective for nitrate-nitrogen plus nitrite-nitrogen is 10 mg/L or 1 mg/L for nitrite-
nitrogen, the Newhall Ranch WRP irrigation water supply that will serve the Project will be well 
below the groundwater quality objectives. 
 
On this basis, the potential for the Project to adversely affect groundwater quality is considered 
less than significant.  

7.8.2 Cumulative Groundwater Quality Impacts 

As discussed above, the anticipated quality of runoff discharges from the Project’s developed 
areas and irrigation to groundwater will not contribute loads or concentrations of pollutants of 
concern that would be expected to cause or contribute to a violation of the groundwater quality 
standards.  By extrapolating these results to existing and proposed development throughout the 
watershed and based on a review of adapted plans and projections, it is concluded that no 
adverse cumulative effects would occur to groundwaters.  Therefore, the Project’s incremental 
effects on groundwater quality are not expected to be significant. 
 
The Project’s discharges to groundwater, after PDFs, both during construction and post-
development, is predicted to comply with adopted regulatory requirements that are designed by 
the LARWQCB to assure that regional development does not adversely affect water quality, 
including MS4 Permit and SUSMP requirements; Construction General Permit and General 
Dewatering Permit requirements; and benchmark Basin Plan groundwater quality objectives.  
Any future urban development occurring in the Santa Clara  River watershed must also comply 
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with these requirements.  Therefore, cumulative impacts on groundwater quality from the 
proposed Project and future urban development in the Santa Clara Watershed are addressed 
through compliance with the MS4 Permit and SUSMP requirements, Construction General 
Permit requirements, General Dewatering Permit requirements, and benchmark Basin Plan 
groundwater quality objectives, which are intended to be protective of beneficial uses of the 
groundwater.  Based on compliance with these requirements designed to protect beneficial uses, 
cumulative groundwater quality impacts are mitigated to a level that is less than significant. 

7.8.3 Groundwater Recharge Impacts 

Direct Project Impacts 

In a groundwater basin, the effect of urbanization on recharge to underlying groundwater is 
dependent on land uses, water uses, vegetative cover, and geologic conditions.  Groundwater 
recharge from undeveloped lands occurs from precipitation alone, whereas areas that are 
developed for agricultural or urban land uses receive both precipitation and irrigation of 
vegetative cover.  In an urban area, groundwater recharge occurs directly beneath irrigated lands 
and in drainages whose bottoms are not paved or cemented.  A memorandum prepared by CH2M 
Hill entitled “Effect of Urbanization on Aquifer Recharge in the Santa Clarita Valley” (Appendix 
E) discusses the general effects of urbanization on groundwater recharge and the specific effects 
in the Santa Clarita Valley.  
 
Currently the site is irrigated agricultural land.  As a result, in the existing condition recharge 
occurs within the Project site from irrigation and precipitation. On one hand, development of the 
site will introduce impervious surface over approximately 61 percent of the tract map site, which 
will tend to reduce recharge.  In addition, development of agricultural lands will eliminate 
agricultural irrigation as a source of recharge.  On the other hand, development of the site will 
increase runoff volume discharged after treatment to the Santa Clara River, whose channel is 
predominantly natural and consists of vegetation and coarse-grained sediments (rather than 
concrete).  The porous nature of the sands and gravels forming the streambed will allow for 
significant infiltration to occur to the underlying groundwater.  Also, the Project will introduce 
landscaping, irrigation, and PDFs designed to infiltrate runoff.  These project effects will 
increase groundwater recharge from the Project.  On balance, it is unlikely that the Project will 
result in a significant change in groundwater recharge in the project vicinity.  Based on the above 
discussion, the Project’s impact on groundwater recharge is considered less than significant. 

Cumulative Impacts 

Increased urbanization in the Santa Clarita Valley has resulted in the irrigation of previously 
undeveloped lands.  The effect of irrigation is to maintain higher soil moisture levels during the 
summer than would exist if no irrigation were occurring.  Consequently, a greater percentage of 
the fall/winter precipitation recharges groundwater beneath irrigated land parcels than beneath 
undeveloped land parcels.  In addition, urbanization in the Santa Clarita Valley has occurred in 
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part because of the importation of State Water Project (SWP) water, which began in 1980.  SWP 
water use has increased steadily, reaching nearly 44,500 acre-feet (AF) in 2003.  Two-thirds of 
this water is used outdoors, and a portion of this water eventually infiltrates to groundwater.  The 
other one-third is used indoors and is subsequently routed to local water reclamation plants 
(WRPs) and then to the Santa Clara River (after treatment).  A portion of this water flows 
downstream out of the basin, and a portion infiltrates to groundwater. 
 
Records show that groundwater levels and the amount of groundwater in storage were similar in 
both the late 1990s and the early 1980s, despite a significant increase in the urbanized area 
during these two decades.  This long-term stability of groundwater levels is attributed in part to 
the significant volume of natural recharge that occurs in the streambeds, which do not contain 
paved, urban land areas.  On a long term historical basis, groundwater pumping volumes have 
not increased due to urbanization, compared with pumping volumes during the 1950s and 1960s 
when water was used primarily for agriculture.  Also, the importation of SWP water is another 
process that contributes to recharge in the Valley.  In summary, urbanization has been 
accompanied by long-term stability in pumping and groundwater levels, plus the addition of 
imported SWP water to the Valley, which together have not reduced recharge to groundwater, 
nor depleted the amount of groundwater that is in storage within the Valley. 
 
Based on the above discussion, the cumulative impact on groundwater recharge is considered 
less than significant. 

7.9 Hydromodification Impacts 

Development typically increases impervious surfaces on formerly undeveloped (or less 
developed) landscapes, reducing the capture and infiltration of rainfall.  The result is that, as a 
watershed develops, a larger percentage of rainfall becomes runoff during any given storm.  In 
addition, runoff reaches the stream channel more efficiently due to the development of storm 
drain systems, so that, if no controls are implemented, the peak discharge rates for rainfall events 
and floods are higher for an equivalent event than they were prior to development.  Further, the 
introduction of irrigation and other dry weather flows can change the seasonality of runoff 
reaching natural receiving waters.  These changes, in turn, affect the stability and habitat of 
natural drainages, including the physical and biological character of these drainages.  This 
process, termed “hydromodification” (SCCWRP, 2005a) is addressed in this section. 
 
Significant adverse hydromodification impacts are presumed to occur if the proposed Project 
would:   
 

• Substantially alter the existing drainage pattern of a natural drainage, stream, or river 
causing substantial erosion, siltation, or channel instability; or 
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• Substantially increase the rates, velocities, frequencies, duration and/or seasonality of 
flows causing channel instability and harming sensitive habitats or species in natural 
drainages in a manner that substantially adversely affects beneficial uses. 

 
All flows from those areas of the Project that will be developed with impervious surface with 
potential for altering drainage patterns will be discharged directly to the Santa Clara River.   
Therefore, this analysis addresses the potential for hydromodification impacts to the Santa Clara 
River as a result of the proposed Project.  The impervious surfaces associated with the proposed 
water tanks are very minor and will not alter drainage patterns, and therefore no potential for 
hydromodification impacts exists from these areas of the Project.   
 
The physical alteration of natural drainages, such as bank protection, energy dissipaters, and 
bridge abutments, are not impacts created by changes in runoff seasonality, volume, duration, or 
flow associated with development.  Instead, these types of alterations are physical alterations to 
the stream bed and bank, with associated effects on stream habitat and species.  These types of 
effects are analyzed in the Landmark Village Draft EIR and more specifically the biological 
chapter of the EIR for this Project.  

7.9.1 Wet Weather Flows 

Direct Impacts to the Santa Clara River 

The Project proposes development of approximately 80 percent (233 acres) of the 292.6 acre 
tract map site; the remaining 59.6 acres would be used for trails, parks, and vegetated slopes and 
water quality BMPs.  Overall, approximately 61 percent (178.4 acres) of the tract map area 
would be impervious and 39 percent (114.2 acres) would be vegetated.  The size of the Project in 
comparison to both the 1,618 square mile total watershed area and the expected total impervious 
area in the watershed in the existing conditions and at build-out is small.  It is estimated, based 
on the land use data provided by LACDPW, that the proposed Project will comprise 0.5 percent 
of the total impervious area in the watershed encompassing the Project location at ultimate 
planned build-out for the watershed.  See Section 4.4.3 above for information regarding adopted 
plans and projection used to derive build-out assumptions for the watershed. 
 
A series of progressive hydromodification control measures will be used in the Project to prevent 
and control hydromodification impacts to the Santa Clara River: 
 

• Avoid, to the extent possible, the need to mitigate for hydromodification impacts by 
preserving natural hydrologic conditions and protecting sensitive hydrologic features, 
sediment sources, and sensitive habitats.   

• Minimize the effects of development through site design practices (e.g., reducing 
connected impervious surfaces and providing river buffers) and implementation of 
stormwater volume-reducing BMPs (project-based hydrologic source control).   
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• Mitigate hydromodification impacts in-stream using a geomorphically-based approach 
(e.g., buried soil cement bank stabilization). 

Project-based Hydrologic Source Control  
 
Disconnecting impervious areas from the drainage network and adjacent impervious areas is a 
key approach to protecting channel stability.  Several hydrologic source controls will be included 
in the Project that will limit impervious area and disconnect imperviousness:  
 
Low Impact/Site Design.  Low impact/site design PDFs will help to reduce the increase in runoff 
volume, including the clustering of NRSP development into village areas, including the 
Landmark Village, the preservation of 70 percent of the NRSP area in open space, and 59.6 acres 
(20 percent) of the Project in trails, slopes, and vegetated water quality treatment BMPs; routing 
of impervious area runoff to vegetated areas; use of native and/or non-native, non-invasive 
mostly drought tolerate plants in landscaped areas; and the use of efficient irrigation systems in 
common area landscaped areas.  The reduction in runoff volume attributable to some of these 
low impact/site design PDFs were not quantified in the runoff modeling, so these PDFs will 
reduce the predicted increase in runoff volumes discussed below.  These measures will help to 
protect the stability of the Santa Clara River and to avoid and minimize direct impacts to the 
River. 
 
Treatment Controls.  The Project’s treatment control BMPs will also serve as hydromodification 
source control BMPs.  Vegetated swales, bioretention areas, and extended detention basins can 
provide volume reduction on the order of 38 percent for vegetated swales and bioretention and 
30 percent for extended detention basins (Strecker et al., 2004).  Collectively these vegetated 
treatment facilities are expected to provide significant reduction in wet weather runoff.  The 
increase in impervious surface within the project area is predicted to increase the average annual 
stormwater runoff volume from the project area by approximately 148 acre-feet per year, after 
accounting for the estimated volume reductions in the proposed treatment control PDFs (see 
Section 7.1 above).  Using conservative values for volume reduction, the treatment control PDFs 
are estimated to reduce the increase in average annual stormwater runoff volume by 
approximately 57 acre-feet per year, which is a 19 percent reduction of the predicted average 
post-development stormwater runoff volume without the treatment control PDFs.  In addition, 
these facilities will also receive and eliminate dry weather flows. 
 
Geomorphically-Referenced Channel Design 
 
The hydromodification management approach for the Santa Clara River will incorporate 
“geomorphically-referenced river engineering” as described in SCCWRP Technical Report 450 
(SCCWRP, 2005a).  The goal of this approach is to preserve the appearance of the natural stream 
channel to the maximum extent practicable while maintaining stability in stream channel 
morphology.  The Project’s development footprint will allow for the greatest freedom possible 
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for “natural stream channel” activity.  This includes establishing buffer zones and maintaining 
setbacks to allow for channel movement and adjustment to changes in energy associated with 
runoff.   The engineered structural elements that will be implemented where needed for the Santa 
Clara River include energy dissipation and bank stabilization. 
 
Energy Dissipation.  Energy dissipation at storm drain outfalls provides erosion protection in 
areas where discharges have the potential to cause localized stream erosion.  Erosion protection 
will be provided at all storm drain outlets to the Santa Clara River. 
 
Bank Stabilization.  The Project will include buried soil cement along the Santa Clara River and 
Castaic Creek adjacent to and downstream of the Project site where necessary to protect against 
flooding and erosion pursuant to Federal Emergency Management Administration (FEMA) and 
Los Angeles County Department of Public Works' requirements.  In total, approximately 18,600 
LF of bank would be provided with buried soil cement protection.  This would include 
approximately 11,000 feet fronting the tract map site and approximately 6,400 LF on the south 
bank downstream (west) of the Long Canyon Road Bridge. The alignment was selected so that 
bank protection along the river would generally be excavated from non-jurisdictional upland 
areas adjacent to the river.  Installing bank protection in non-jurisdictional areas reduces and/or 
avoids impacts to the river, and has the potential to create new riverbed areas, allows for channel 
movement and adjustment to changes in energy associated with runoff, and increases riparian 
habitat. 
 
Additional buried bank stabilization would be constructed as part of the approved Newhall 
Ranch Water Reclamation Plant (WRP) and between the Old Road and the Santa Clara River 
(protecting the utility corridor).   The bank protection between the Old Road and the Santa Clara 
River was approved as part of the Santa Clara River Natural River Management Plan (NRMP).    
 
Approximately 6,600 LF of Turf Reinforcement Mat (TRM) or similar bank stability protection 
would be provide along the southern edge of the utility corridor downstream or west of the tract 
map site.  TRMs are designed to reinforce vegetation at the root and stem allowing vegetation to 
be used as erosion control in areas where flow conditions exceed the ability of natural vegetation 
to remain rooted.  This includes applications with high slopes or stream banks where grouted rip-
rap and concrete channels are aesthetically undesirable. 
 
Conclusion 
 
In summary, although Project runoff volumes, flow rates, and durations will increase, potential 
impacts of hydromodification (i.e., the potential to cause erosion, siltation, or channel instability) 
will be minimized by the Project PDFs.   The Project’s site design and treatment controls PDFs 
will minimize increases in runoff volume from the development area, the preferred method for 
controlling hydromodification impacts from new development (SCCWRP, 2005a). 
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Potential instream impacts of increased volumes, rates, and flow durations will be managed and 
mitigated with energy dissipaters at the discharge points to the Santa Clara River and the River 
banks will be protected with vegetated buried bank stabilization primarily in non-jurisdictional 
upland areas adjacent to the river.  This type of technique is the preferred approach for bank 
stabilization (SCCWRP, 2005a). 
 
For these reasons, the wet weather direct hydromodification impacts of the Project with PDFs on 
the Santa Clara River are considered less than significant. 

Cumulative Impacts 

As identified in the MS4 Permit, increased volume, velocity, and discharge duration of 
stormwater runoff from the cumulative existing and future developed areas in watersheds of 
natural drainages, including the Santa Clara River, has the potential to accelerate downstream 
erosion and impair stream habitat.  Given the very large size of the Santa Clara River watershed, 
the contribution of the Project to cumulative hydromodification impacts to the Santa Clara River 
is difficult to assess quantitatively.   Therefore, a qualitative assessment that references total 
predicted development per adopted General Plans and projections for the Santa Clara River 
watershed is provided below.   
 
Effect of Watershed Impervious Area 
 
The limited hydromodification impact research to date has focused on empirical evidence of 
channel failures in relationship to directly connected impervious area (DCIA) or total impervious 
area.  However, more recent research has established the importance of size of watershed, 
channel slope and materials, and climatic and precipitation patterns (SCCWRP 2005a, Balance 
Hydrologics 2005 (provided in Appendix F)).  Impervious area that drains directly to a storm 
drain system and then to the receiving water is considered “directly connected,” whereas 
impervious area that drains through vegetation or to infiltration facilities is considered 
“disconnected.”   
 
Booth and Jackson (1997) reported finding a correlation between loss of channel stability and 
increases in DCIA.  In Washington State, streams were found to display the onset of degradation 
when the DCIA increases to ten percent or more, and a lower imperviousness of five percent was 
found to cause significant degradation in sensitive watersheds (Booth and Jackson, 1997).  The 
Center for Watershed Protection (Schuler and Holland, 2000) described the impacts of 
urbanization on stream channels and established thresholds based on total imperviousness within 
the tributary drainage area.  It states “a threshold for urban stream stability exists at about 10 
percent imperviousness.”  It further states that a “sharp threshold in habitat quality exists at 
approximately 10 percent to 15 percent imperviousness.”  These studies, however, addressed 
changes in a very different climatic region than Southern California. 
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Geosyntec’s work in the San Francisco Bay area’s Santa Clara Valley (Geosyntec 2004) also 
evaluated the relationship between imperviousness and stream channel degradation in an area 
that had predominately directly connected impervious areas.  Geosyntec found similar results to 
those published by Booth and Schuler, where channel erosion was observed at approximately six 
to nine percent imperviousness for two separate watershed systems.  More recent studies 
conducted by Geosyntec in this same watershed area showed that levels as low as two to three 
percent total imperviousness could lead to stream channel degradation, depending on channel 
characteristics.  This region also has different climatic characteristics than Southern California.  
 
Although physical degradation of stream channels in semi-arid climates of California may be 
detectable when watershed imperviousness is between three and five percent, not all streams will 
respond in the same manner (SCCWRP, 2005b).  Management strategies need to account for 
differences in stream type, stage of channel adjustment, current and expected amount of basin 
imperviousness, and existing or planned hydromodification control strategies. 
 
The absolute measure of watershed imperviousness that could cause stream instability in the 
Santa Clara River depends on many factors, including watershed area, land cover, and soil type; 
development impervious area and connectedness; reduced sediment yield; longitudinal slope of 
the river; channel geometry; and local boundary materials, such as bed and bank material 
properties and vegetation characteristics.  Based on land use data provided by the County of Los 
Angeles (see Section 4.4.3 above), the estimated cumulative level of percent impervious area at 
build-out in the Santa Clara River watershed upstream from the NRSP area is nine percent.   
 
Effect of Catchment Drainage Area  
 
The Southern California Coastal Water Research Project (SCCWRP) found signs of 
hydromodification impacts in Southern California streams when watershed percent 
imperviousness was around two to three percent for streams with a catchment drainage area of 
less than five square miles (mi2) (SCCWRP, 2005a).  Recognizing that their findings were based 
on the type and size of catchments that were measured, the researchers in the SCCWRP study 
attempted to develop a framework by which their results could be extended to other stream types.  
They developed a classification system based on watershed characteristics, stream channel 
characteristics (including level of vegetative development), and stream channel resistance, and 
suggested these features could be important in selecting management strategies and approaches 
to control hydromodification impacts.  The Level 1 classification is based on watershed 
characteristics that include the size, shape, and topography of the watershed.   
 
The catchment drainage area (CDA) is stated to be the most obvious differentiator among 
watersheds, as this is likely to have the greatest effect on runoff.  The SCCWRP study focused 
on small watersheds (< 5 mi2), whereas the CDA of the Santa Clara River at the Los Angeles 
County line, near the western edge of the NRSP area (the Upper Watershed), is about 640 mi2.  
Based on the differences in CDA, the SCCWRP findings with respect to CDA would not be  
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applicable to the Santa Clara River.  Information in the SCCWRP report, based in part on the 
work of Zielinski (2002), suggests that smaller watersheds are more responsive and sensitive to 
changes in land use, whereas larger watersheds (> 30 mi2) were said to be less responsive to land 
use changes.  Geosyntec’s work in the San Francisco Bay area found significant 
hydromodification impacts on streams of watersheds that were 40 mi2 in size; however, this is 
still substantially smaller than the Santa Clara River watershed at the Los Angeles County line.  
Given the large CDA for the Santa Clara River, the river is likely less responsive to potential 
hydromodification effects, but channel morphology must still be examined to determine the level 
and potential significance of Santa Clara River response. 
 
Application to the Santa Clara River 
 
Balance Hydrologics assessed the potential effects of the planned cumulative urbanization within 
the Santa Clara River upstream of the County line (the upper watershed) on channel morphology 
by examining historical changes in the Santa Clara River channel pattern in response to different 
types of major disturbance using historical rainfall and other relevant records and aerial channel 
photography (Balance Hydrologics, 2005 (provided in Appendix F)).  The findings of this 
analysis are summarized below. 
 
The Santa Clara River is a dynamic, episodic system.  Understanding the magnitude of 
geomorphic change over the course of recent history in response to natural and human 
disturbances in the watershed is a key factor in assessing the potential response to future 
urbanization within the watershed.   
 
For example, the report examines the construction of Castaic Dam in the 1974 (affecting 
approximately 30 percent of the Santa Clara River watershed above Castaic Creek), which cut 
off a significant supply of sediment to the Santa Clara River.  This change, however, does not 
appear to have had an effect on the channel dimensions of the Santa Clara River mainstem.  The 
width of the active corridor as well as the general form of the channel are generally consistent 
before and after construction of the dam.  It appears that the Santa Clara River had enough 
buffering capacity to absorb this change.  The report finds that the depletion of sediment supply 
to the mainstem, which would typically be expected to cause erosive effects, did not, in fact, 
result in those effects, perhaps because reductions in sediment were offset by additional available 
sediment stored in the basin in the upper watershed as a result of movement along the San 
Gabriel fault. 
 
Similarly, the report examines the amount of vegetation within the Santa Clara River corridor, 
which appears to have generally increased since the 1960s, likely due to the increase in available 
summer flows due to the Valencia and Saugus Water Reclamation Plants’ discharges.  However, 
this vegetation does not seem to provide enough erosion resistance to maintain a “stable” channel 
capable of withstanding regular ‘re-sets’, large events that completely alter the form of the Santa 
Clara River channel which occur at intervals averaging about a decade, or much less than the 
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expected lifetime of the riparian woodlands which do get established.  Despite heavy vegetation 
on the channel banks near the NRSP area and in areas of ground-water upwelling, the stream still 
responds to large events by a general widening and/or shift of the active channel within the River 
corridor. 
 
After studying the response of the river to several different anthropogenic and natural 
disturbances, the report concludes that the Santa Clara River, as with many streams in semi-arid 
southern California, is highly episodic.  Concepts of “normal” or “average” sediment-supply and 
flow conditions have limited value in this “flashy” environment, where episodic storm and 
wildfire events have enormous influence on sediment and storm flow conditions.  In these 
streams, a large portion of the sediment movement events can occur in a matter of hours or days.  
Other perturbations which can potentially affect channel geometry appear to have transitory or 
minor manifestations.  For example, effects on the channel width due to the 1980s levee 
construction were barely discernible by the first few years of the 21st century, probably mostly 
due to morphologic compensation associated with the storm events in the mid- to late-1990s.  As 
a result, channel morphology, stability, and character of the Santa Clara River is almost entirely 
determined by the “reset” events that occur within the watershed. 
 
Fluvial Study 
 
Additional study of the Santa Clara River has been performed by Pacific Advanced Civil 
Engineering, Inc., who prepared a comprehensive fluvial analysis for Santa Clara River through 
the NRSP area (PACE, 2006) for LACDPW.  A river fluvial analysis is the study of the river bed 
and bank sediment movement over time and as a result of flow in the river and changes in the 
tributary watershed. 
 
The fluvial analysis had three distinct components: 
 

1. Analysis of long term trends of river bed and bank sediment build-up (aggredation) or 
removal (degradation) was performed.  More than 80 years of available historic 
topographic mapping of the river indicated no real trend of aggredation or degradation in 
the study reach. 

2. General (capital storm event) aggredation/degradation calculations were performed to 
determine the expected fluvial response of the river to the LACDPW design storm event 
(>140,000 cfs).  US Army Corps of Engineers computer modeling software (SAM) was 
used to evaluate existing and proposed project conditions.  Only minor variations in the 
fluvial response were shown in the modeling. 

3. Local aggredation/degradation resulting from river curvature, bridges, river bed material, 
and various other components were considered and estimates of aggredation and 
degradation were calculated. 
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To complete the fluvial analysis, long term, general, and local aggredation/degradation 
components were added together to obtain the total aggredation/degradation for each river 
section within the study reach. 
 
One of the purposes for the fluvial analysis, which has been approved by LACDPW, was to 
provide a level of understanding of the Santa Clara River Newhall Ranch reach fluvial 
mechanics related to existing conditions and proposed NRSP development conditions to identify 
any potential project impacts.  The fluvial analysis showed very little change between the pre- 
and post-development conditions and therefore concluded that there is no potential adverse 
impact to the fluvial mechanics of the river. 
 
Conclusion 
 
As discussed above, the Project will include a number of hydrologic source control PDFs that 
will substantially lessen any potential contribution to cumulative hydromodification impacts to 
the Santa Clara River.  In addition, it is presumed that all future development within the NRSP, 
Legacy, and Entrada sub-regions will implement hydromodification controls consistent with the 
NRSP Sub-regional Stormwater Mitigation Plan.  Further, other future projects within the 
watershed reflected in adopted plans and projections will implement hydromodification controls 
to meet flow criteria that will be adopted by the LACDPW under Part 4, § D.1 of the MS4 
Permit.  These measures are designed to mitigate and prevent direct and cumulative 
hydromodification impacts. 
 
Within the Santa Clara River watershed, major perturbations (urbanization, dam construction, 
levee construction, decadal changes in climate, and increases in woody vegetation) do not appear 
to have had a significant impact on the geomorphic expression of the Santa Clara River.  Large 
“re-set” events (those which are typically not as affected by increases in impervious area) have 
episodically completely altered the form of the Santa Clara River channel.  These events, 
occurring on average once every ten years, are a dominant force in defining channel 
characteristics.  The geomorphic dominance of “re-set” events determines the geomorphic 
character of the Santa Clara River and the Santa Clara River’s response to anthropogenic 
perturbations, including hydromodification impacts associated with development, is expected to 
be minimal in light of the “re-set” driven nature of the Santa Clara River channel.  Due to these 
episodic “re-sets,” “unraveling” of the Santa Clara River mainstem due to hydromodification 
associated with cumulative urban development within the watershed, as is seen in many smaller 
southern California watersheds, is not expected to occur.  The “re-set” events appear to 
adequately buffer changes that may occur in short-term sediment transport between re-set events. 
 
Based upon the above discussion, that the Project includes hydromodification controls as Project 
Design Features, that future development projects within the watershed will control flow in 
compliance with the regional program, and that large-scale changes naturally occur in the Santa 
Clara River in response to major episodic events, the Project’s contribution to cumulative 
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hydromodification impacts to the Santa Clara River will be less than significant and consistent 
with the requirements of the MS4 permit. 

7.9.2 Dry Weather Runoff 

Direct Impacts 

In order to quantitatively address potential dry weather runoff impacts, a dry weather water 
balance was performed.  The quantity of dry weather flows from urban sources is variable and 
not easily quantified.  Information available from the Irvine Ranch Water District suggests an 
average dry weather flow from urban areas of 2.9 x 10-4 cfs per urbanized acre (IRWD, 2003).  
Dry weather flow estimates in Santa Monica, used to design a dry weather flow recycling 
facility, indicate a range of dry weather flows between 8.3 x 10-5 to 1.8 x 10-4 cfs per urbanized 
acre (Antich et al., 2003).  For purposes of conservatively estimating the impacts of dry weather 
flows, a dry weather discharge of 3.0 x 10-4 cfs per urbanized acre was used in this report.   
 
Table 7-20 presents a monthly dry weather flow balance for the proposed Project.  Vegetated 
swales, bioretention areas, and water quality basins were assumed to infiltrate at 0.05 in/hr.  
Infiltration volume was calculated as the BMP bottom area times the infiltration rate.  
Evapotranspiration rates were conservatively assumed to be 60% of reference rates from the 
California Irrigation Management Information System (CIMIS) Zone 14, in which the Project is 
located.  It was assumed that open space in the Project area would result in no dry weather 
runoff.   
 
It is predicted that all dry weather flows will be infiltrated or removed by evapotranspiration in 
the treatment control PDFs, which also provide hydrologic source control.  As a result, no 
change in seasonality of flows from the Project is anticipated. 
 
Based on the comprehensive site planning, source control, and treatment control strategy and the 
water balance analysis, the impact of the Project on dry weather water quality and seasonality of 
flow in the Santa Clara River is considered less than significant. 
 

Table 7-20: Predicted Dry Weather Water Balance  

Month 
Dry Weather Flow 

(af)1 
ETo Capacity  

(af)2 

Infiltration 
Capacity 

(af)3 
Excess Capacity 

 (af) 4 
January 5.3 0.4 15.6 16.0 

February 4.8 0.6 14.1 14.6 

March  5.3 0.9 15.6 16.5 

April 5.1 1.3 15.1 16.4 

May 5.3 1.7 15.6 17.3 

June 5.1 2.0 15.1 17.1 
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Month 
Dry Weather Flow 

(af)1 
ETo Capacity  

(af)2 

Infiltration 
Capacity 

(af)3 
Excess Capacity 

 (af) 4 
July 5.3 2.2 15.6 17.8 

August 5.3 1.9 15.6 17.5 

September 5.1 1.4 15.1 16.5 

October 5.3 1.0 15.6 16.6 

November 5.1 0.5 15.1 15.6 

December 5.3 0.4 15.6 16.0 
1 Based on dry weather flow of 0.0003 cfs/acre from a range of researched values. 
2 60% of reference evapotranspiration rate (ETo) from CIMIS Zone 14. 
3 Equal to 0.05 in/hr over BMP bottom area. 
4 Equal to (ETo + Infiltration Capacity) – Dry Weather Flow. 
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8 CONCLUSIONS 

This section summarizes the potential effects, if any, of the proposed Landmark Village Project 
on water quality and hydromodification in Santa Clara River Reach 5.   

8.1 Water Quality Impacts 

The following are the conclusions regarding the significance of impacts for the pollutants of 
concern under wet and dry weather conditions:  
 

• Sediments: MS4 Permit, Construction General Permit, Dewatering General Permit, and 
SUSMP-compliant BMPs will be incorporated into the Project to address sediment in 
both the construction phase and post-development.  Mean total suspended solids 
concentration and load are predicted to be less in the post-development condition than in 
the existing conditions.  Turbidity in stormwater runoff will be controlled through 
implementation of a Construction SWPPP and will be permanently reduced through the 
stabilization of erodible soils with development.  On this basis, the impact of the Project 
on sediments is considered less than significant.  

• Nutrients (Phosphorus and Nitrogen (Nitrate-N+Nitrite-N, Ammonia-N, and Total 
Nitrogen)): MS4 Permit, Construction General Permit, Dewatering General Permit, and 
SUSMP-compliant BMPs will be incorporated into the Project to address nutrients in 
both the construction phase and post-development.  Total phosphorus, nitrate-nitrogen 
plus nitrite-nitrogen, ammonia-nitrogen, and total nitrogen concentrations and loads are 
predicted to decrease in the post-developed condition and to be within the range of 
observed values in Santa Clara River Reach 5.  Nitrate-N plus nitrite-N and ammonia-N 
concentrations are predicted to decrease with development to a point well below Basin 
Plan objectives and TMDL wasteload allocations.  The predicted total nutrient 
concentrations are not expected to cause increased algal growth.  On this basis, the 
impact of the Project on nutrients is considered less than significant. 

• Trace Metals: MS4 Permit, Construction General Permit, General Dewatering Permit, 
and SUSMP-compliant BMPs will be incorporated into the Project to address trace 
metals in both the construction phase and post-development.  The mean loads and 
concentrations of dissolved copper, total lead, and dissolved zinc, and total aluminum 
concentration are predicted to decrease with Project development.  Although total 
aluminum loads are predicted to increase with development, mean concentrations of 
dissolved copper, total lead, dissolved zinc, and total aluminum are predicted to be below 
benchmark Basin Plan objectives, CTR criteria, and the NAWQC criterion for aluminum.  
Cadmium is not expected to be present at significant levels in Project runoff.  On this 
basis, the impact of the Project on trace metals is considered less than significant.  

• Chloride:  MS4 Permit, Construction General Permit, Dewatering General Permit, and 
SUSMP-compliant BMPs will be incorporated into the Project to address chloride loads 
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(via volume reduction) in both the construction phase and post-development.  The mean 
concentration of chloride is predicted to decrease with development, while the average 
annual load is predicted to increase slightly. The predicted concentration is well below 
the Los Angeles Basin Plan objective and is within the range of observed values in Santa 
Clara River Reach 5.  On this basis, the impact of the Project on chloride is considered 
less than significant.  

• Pesticides: Pesticides in runoff may or may not increase in the post-development phase 
as a result of landscape applications.  Proposed pesticide management practices, 
including source control, removal with sediments in treatment control PDFs, and 
advanced irrigation controls, in compliance with the requirements of the MS4 Permit and 
the SUSMP Manual, will minimize the presence of pesticides in runoff.  During the 
construction phase of the Project, erosion and sediment control BMPs implemented per 
General Construction Permit and General De-Watering Permit requirements will prevent 
pesticides associated with sediment from being discharged.  Final site stabilization will 
limit mobility of legacy pesticides that may be present in pre-development conditions.  
On this basis, the impact of the Project on pesticides is considered less than significant. 

• Pathogens: Post-development pathogen sources include both natural and anthropogenic 
sources. The natural sources include bird and mammal excrement.  Anthropogenic 
sources include leaking septic and sewer systems and pet wastes.  The Project will not 
include septic systems and the sewer system will be designed to current standards which 
minimizes the potential for leaks.  Thus pet wastes are the primary source of concern.  
The PDFs will include source controls and treatment controls which in combination 
should help to reduce pathogen indicator levels in post-construction stormwater runoff.  
Pathogens are not expected to occur at elevated levels during the construction-phase of 
the Project.  On this basis, the Projects impact on pathogen and pathogen indicators is 
considered less than significant. 

• Hydrocarbons: Hydrocarbon concentrations will likely increase in post-development 
because of vehicular emissions and leaks. In stormwater runoff, hydrocarbons are often 
associated with soot particles that can combine with other solids in the runoff.  Such 
materials are subject to treatment in the proposed extended detention basins, bioretention 
areas, and vegetated swales.  Source control BMPs incorporated in compliance with the 
MS4 Permit and the SUSMP requirements will also minimize the presence of 
hydrocarbons in runoff.  During the construction phase of the Project, pursuant to the 
Construction General Permit, the Construction Stormwater Pollution Prevention Plan 
must include BMPs that address proper handling of petroleum products on the 
construction site, such as proper petroleum product storage and spill response practices, 
and those BMPs must effectively prevent the release of hydrocarbons to runoff per the 
Best Available Technology Economically Achievable and Best Conventional Pollutant 
Control Technology standards. On this basis, the impact of the Project on hydrocarbons is 
considered less than significant.  
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• Trash and debris: Trash and debris in runoff are likely to increase in post-development if 
left unchecked.  However, the Project PDFs, including source control and treatment 
BMPs incorporated in compliance with the MS4 Permit and the SUSMP requirements, 
will minimize the adverse impacts of trash and debris.  Source controls such as street 
sweeping, public education, fines for littering, covered trash receptacles, and storm drain 
stenciling are effective in reducing the amount of trash and debris that is available for 
mobilization during wet weather.  Trash and debris will be captured in catch basin inserts 
in high use parking lots and in the treatment control PDFs.  During the construction phase 
of the Project, PDFs implemented per Construction General Permit and General De-
Watering Permit requirements will remove trash and debris through the use of BMPs 
such as catch basin inserts and by general good housekeeping practices.  Trash and debris 
are not expected to significantly impact receiving waters due to the implementation of the 
Project PDFs. 

• Methylene Blue Activated Substances (MBAS):  In the post-development phase, the 
presence of soap in runoff from the Project will be controlled through the source control 
PDFs, including a public education program on residential and charity car washing and 
the provision of a centralized car wash area directed to sanitary sewer in the multi-family 
residential areas.  Other sources of MBAS, such as cross connections between sanitary 
and storm sewers, are unlikely given modern sanitary sewer installation methods and 
inspection and maintenance practices.  During the construction phase of the Project, 
equipment and vehicle washing will not use soaps or any other MBAS sources.   
Therefore, MBAS are not expected to significantly impact the receiving waters of the 
proposed Project. 

• Cyanide:  In addition to the expected relatively low level of cyanide in untreated 
stormwater, cyanide in runoff from the Project would be readily removed by biological 
uptake, degradation by microorganisms, and by volatilization in the treatment PDFs.  
Therefore cyanide is not expected to significantly impact the receiving waters of the 
Project. 

• Bioaccumulation: In the literature, the primary pollutants that are of concern with regard 
to bioaccumulation are mercury and selenium.  However, selenium and mercury are not 
of concern in the Project’s watershed, so bioaccumulation of selenium and mercury is 
also not expected to result either during the construction or post-development Project 
phases.  On this basis, the potential for bioaccumulation in the Project PDFs or in the 
Santa Clara River and adverse effects on waterfowl and other species is considered less 
than significant. 

• Construction Impacts: Construction impacts on water quality are generally caused by 
soil disturbance and subsequent suspended solids discharge.  These impacts will be 
minimized through implementation of construction BMPs that will meet or exceed 
measures required by the Construction General Permit, as well as BMPs that control the 
other potential construction-related pollutants (e.g., petroleum hydrocarbons and metals).  
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A SWPPP specifying BMPs for the site that meet or exceed Best Available Technology 
economically achievable/Best Conventional Pollutant Control Technology standards will 
be developed as required by, and in compliance with, the Construction General Permit 
and Los Angeles County Standard Conditions.  Erosion control BMPs, including but not 
limited to hydro-mulch, erosion control blankets, stockpile stabilization, and other 
physical soil stabilization techniques will be implemented to prevent erosion, whereas 
sediment controls, including but not limited to silt fencing, sedimentation ponds, and 
secondary containment on stockpiles will be implemented to trap sediment and prevent 
discharge.  Non-stormwater and construction waste and materials management BMPs, 
such as vehicle and equipment fueling and washing BMPs; nonvisible pollutant 
monitoring; and BMPs to manage materials, products, and solid, sanitary, concrete, 
hazardous, and hydrocarbon wastes will also be deployed to protect construction site 
runoff quality.  On this basis, the construction-related impact of the project on water 
quality is considered less than significant. 

• Regulatory Requirements:  The proposed Project satisfies MS4 Permit requirements for 
new development, including SUSMP requirements and SQMP requirements, and satisfies 
construction-related requirements of the Construction General Permit and General 
Dewatering Permit, and therefore complies with water quality regulatory requirements 
applicable to stormwater runoff. 

8.2 Groundwater Impacts 

• Groundwater Quality Impacts (Nitrate-N+Nitrite-N): MS4 Permit, Construction General 
Permit, Dewatering General Permit, and SUSMP-compliant BMPs will be incorporated 
into the Project to address nutrients in both the construction phase and post-development.  
Nitrate-nitrogen plus nitrite-nitrogen concentrations are predicted to decrease in the post-
developed condition.  The predicted nitrate-nitrogen plus nitrite-nitrogen concentration in 
stormwater runoff after treatment in the Project PDFs and in irrigation water is well 
below the groundwater quality objective. On this basis, the potential for adversely 
affecting groundwater quality is considered less than significant.  

• Groundwater Recharge Impacts:  Project stormwater runoff will be discharged to the 
Santa Clara River after treatment, whose channel is predominantly natural and consists of 
vegetation and coarse-grained sediments (rather than concrete).  The porous nature of the 
sands and gravels forming the streambed will allow for significant infiltration to occur to 
the underlying groundwater.  Also, irrigation water is predicted to be fully infiltrated 
during dry weather, which will increase groundwater recharge from the Project.  On this 
basis, the Project’s impact on groundwater recharge is considered less than significant 

8.3 Hydromodification Impacts 

The following are the conclusions regarding the significance of impacts for hydromodification 
impacts under wet- and dry-weather conditions:  
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• Wet Weather Project Impacts: Although the Project’s runoff volumes, flow rates, and 

durations will increase, potential impacts of hydromodification (i.e., the potential to cause 
erosion, siltation, or channel instability) will be avoided, minimized, and mitigated by the 
Project PDFs in the following ways:  

o Project site design and on-site treatment PDFs, especially open space retention, 
efficient irrigation, and treatment control PDFs will avoid and/or minimize increases 
in runoff volume from the development area, the preferred method for controlling 
hydromodification impacts from new development (SCCWRP, 2005a). 

o Concentrated flows will be mitigated with energy dissipaters at the discharge points 
to the Santa Clara River and the Santa Clara River banks will be protected by 
geomorphically-referenced engineering techniques, primarily with vegetated buried 
bank stabilization in non-jurisdictional upland areas adjacent to the river.  This type 
of stabilization technique is the preferred approach for bank stabilization (SCCWRP, 
2005a).   

For these reasons, direct hydromodification impacts of the Project on the Santa Clara 
River is considered less than significant. 
 

• Cumulative Hydromodification Impacts: The Project contributes only 0.5 percent of the 
total potential impervious surface at build out within the watershed, the Project includes 
hydromodification controls as Project Design Features, future development projects 
within the watershed will control flow in compliance with the sub-regional program, and 
large-scale changes naturally occur in the Santa Clara River in response to major episodic 
events, therefore, the Project’s contribution to cumulative hydromodification impacts to 
the Santa Clara River will be less than significant and consistent with the requirements of 
the MS4 permit. 

• Dry Weather Hydromodification Impacts:  It is predicted that all dry weather flows will 
be removed in the treatment control PDFs, which also provide hydrologic source control.  
As a result, no appreciable change in seasonality of flows is anticipated to result from 
development.  Based on the comprehensive site planning, source control, and treatment 
control strategy and that no dry weather flows are predicted to be discharges to the Santa 
Clara River, the impact of the Project on dry weather water quality and seasonality of 
flow in the Santa Clara River is considered less than significant. 
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A.  POLLUTANTS OF CONCERN 
 
A.1. Pollutants of Concern 
 
Pollutant of 
Concern (1) Rationale for Selection / Exclusion Significance Criteria 

Sediment:  Total 
Suspended 
Solids (TSS) & 
Turbidity 

1. Sediment is a common component of 
stormwater, and can be a pollutant. 
Sediment can be detrimental to aquatic 
life (primary producers, benthic 
invertebrates, and fish) by interfering 
with photosynthesis, respiration, growth, 
reproduction, and oxygen exchange in 
water bodies. Sediment can transport 
other pollutants that are attached to it 
including nutrients, trace metals, and 
hydrocarbons. Sediment is the primary 
component of total suspended solids 
(TSS), a common water quality analytical 
parameter (CASQA, 2003). 

2. Turbidity is a measure of suspended 
matter that interferes with the passage of 
light through the water or in which visual 
depth is restricted. Turbidity may be 
caused by a wide variety of suspended 
materials, which range in size from 
colloidal to coarse dispersions, depending 
upon the degree of turbulence. In lakes or 
other waters existing under relatively 
quiescent conditions, most of the 
turbidity will be due to colloidal and 
extremely fine dispersions. In rivers 
under flood conditions, most of the 
turbidity will be due to relatively coarse 
dispersions. Erosion of clay and silt soils 
may contribute to in-stream turbidity. 
Organic materials reaching rivers serve as 
food for bacteria, and the resulting 
bacterial growth and other 
microorganisms that feed upon the 
bacteria produce additional turbidity. 
Nutrients in runoff may stimulate the 
growth of algae, which may also 
contribute to turbidity. Discharges of 
turbid runoff are primarily of concern 
during the construction phase of 
development. 

1. Narrative objective in the Basin 
Plan: “Water shall not contain 
suspended or settleable material in 
concentrations that cause nuisance 
or adversely affect beneficial uses.” 

2. Basin Plan objective for turbidity:  
“Waters shall be free of changes in 
turbidity that cause nuisance or 
adversely affect beneficial uses.  
Increases in natural turbidity 
attributable to controllable water 
quality factors shall not exceed the 
following limits: 

Natural Turbidity Max Increase 
0-50 NTU 20% 
> 50 NTU 10% 
 
Allowable zones of dilution within 
which higher concentrations may 
be tolerated may be defined for 
each discharge in specific Water 
Discharge Requirements.” 
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Pollutant of 
Concern (1) Rationale for Selection / Exclusion Significance Criteria 

Nutrients: 
Ammonia, 
Nitrite, Nitrate, 
Total Nitrogen, 
and Total 
Phosphorus 

1. Nutrients including nitrogen and 
phosphorus are the major plant nutrients 
used for fertilizing landscapes, and are 
often found in stormwater. These 
nutrients can result in excessive or 
accelerated growth of vegetation, such as 
algae, resulting in impaired use of water 
in lakes and other sources of water 
supply. For example, nutrients have led to 
a loss of water clarity in Lake Tahoe. In 
addition, un-ionized ammonia (one of the 
nitrogen forms) can be toxic to fish 
(CASQA, 2003). 

1. Basin Plan standards for ammonia: “In 
order to protect aquatic life, ammonia 
concentrations in receiving waters 
shall not exceed the values listed for 
the corresponding in-stream conditions 
in Tables 3-1 to 3-4.”  The criterion for 
ammonia in Tables 3-1 to 3-4 varies 
with pH and temperature; the criterion 
is lower for lower pH and temperature. 
The basin plan amendment for updated 
ammonia standards (dated 04/02, 
effective July 15, 2003) will be used. 

2. Basin Plan surface water standards for 
nitrogen: “Waters shall not exceed 10 
mg/L nitrogen as nitrate-nitrogen plus 
nitrite-nitrogen (NO3-N + NO2-N), 45 
mg/L as nitrate (NO3), 10 mg/L as 
nitrate-nitrogen (NO3-N), or 1 mg/L as 
nitrite-nitrogen (NO2-N) or as 
otherwise designated in Table 3-8.”    
Table 3-8 lists Santa Clara River 
Reach 5 with a water quality objective 
of 5 mg/L nitrate-N + nitrite-N.    

3. Basin Plan groundwater standards for 
nitrogen: “Ground waters shall not 
exceed 10 mg/L nitrogen as nitrate-
nitrogen plus nitrite-nitrogen (NO3-N + 
NO2-N), 45 mg/L as nitrate (NO3), 10 
mg/L as nitrate-nitrogen (NO3-N), or 1 
mg/L as nitrite-nitrogen (NO2-N).”  

4. Resolution 03-011 (LARWQCB, 
08/2003) promulgates Nitrogen 
Compounds TMDLs for Santa Clara 
River Reach 5. The numeric target for 
NO3-N + NO2-N in the Nitrogen 
Compounds TMDL was based on 
achieving the existing water quality 
objective of 5 mg/L NO3-N + NO2-N.  
The numeric target that was used to 
calculate the wasteload allocations 
included a 10% margin of safety; thus 
the numeric target is 4.5 mg/L NO3-N 
+ NO2-N (30-day average).   

The water quality objectives for 
ammonia in Reach 5 used in the 
Nitrogen Compounds TMDL are: 
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Pollutant of 
Concern (1) Rationale for Selection / Exclusion Significance Criteria 

TMDL Ammonia Water Quality Objective 
(mg/L as N) 

 1-hr  30-day 
 average      average 

Reach 5  
at County Line    3.4            1.2 
Reach 5  
below Valencia   5.5            2.0 
Reach 5  
above Valencia   4.8            2.0 

 
5. Narrative objective for biostimulatory 

substances in the Basin Plan: “Waters 
shall not contain biostimulatory 
substances in concentrations that 
promote algal growth to the extent that 
such growth causes nuisance or 
adversely affects beneficial uses.” 

Trace metals: 
Aluminum, 
Copper, Lead, 
and Zinc 

1. Trace metals are commonly found in 
stormwater. Many of the artificial 
surfaces of the urban environment (e.g., 
galvanized metal, paint, automobiles, or 
preserved wood) contain metals, which 
enter stormwater as the surfaces corrode, 
flake, dissolve, decay, or leach. Over half 
the trace metal load carried in stormwater 
is associated with sediments. Metals are 
of concern because they can be toxic to 
aquatic organisms, can bioaccumulate 
(accumulate to toxic levels in aquatic 
animals such as fish), and have the 
potential to contaminate drinking water 
supplies (CASQA, 2003). 

2. Aluminum has been identified by the 
DPW as a constituent of concern for the 
Santa Clara River based on monitoring 
conducted at mass emission station S29 
(LACDPW, 2005). 

1. Narrative objective in the Basin Plan: 
“All waters shall be maintained free of 
toxic substances in concentrations that 
are toxic to, or that produce 
detrimental physiological responses in 
human, plant, animal, or aquatic life.  
…” 

2. The CTR criteria are the applicable 
water quality objectives for protection 
of aquatic life (40 CFR §131.38).  The 
CTR criteria are expressed for acute 
and chronic (4-day average) 
conditions; however, only acute 
conditions are applicable for 
stormwater discharges because the 
duration of stormwater discharge is 
typically less than 4 days in the Project 
area.   

3. CTR criteria are determined on the 
basis of hardness in the receiving 
water.  In application of criteria to the 
Landmark Village project, a hardness 
value of 250 mg/L based on the 
minimum observed value at USGS 
monitoring station will be used.  
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Pollutant of 
Concern (1) Rationale for Selection / Exclusion Significance Criteria 

4. CTR criteria at 250 mg/L hardness are 
as follows: 

a. Dissolved copper – 32 µg/L. 
b. Total lead – 260 µg/L. 
c. Dissolved zinc – 250 µg/L. 

5. The CTR does not include aluminum. 
The NAWQC contains an acute 
criterion for acid soluble aluminum 
(750 µg/L for a pH range of 6.5 to 9.0).  

Chloride 1. Resolution No. R03-008, Amendment to 
the Water Quality Control Plan (Basin 
Plan) for the Los Angeles Region to 
Incorporate a Total Maximum Daily Load 
for Chloride in the Upper Santa Clara 
River (07/03) states: Elevated chloride 
concentrations are causing impairments 
of the water quality objective in Reach 5 
and Reach 6 of the Santa Clara River. 
This objective was set to protect all 
beneficial uses; agricultural beneficial 
uses have been determined to be most 
sensitive, and not currently attained at the 
downstream end of Reach 5 and Reach 6  
in the Upper Santa Clara River. Irrigation 
of salt sensitive crops such as avocados 
and strawberries with water containing 
elevated levels of chloride results in 
reduced crop yields. Chloride levels in 
groundwater are also rising. 

1. The Basin Plan chloride objective for 
Reach 5 of the Santa Clara River is 
100 mg/L. 

2. The TMDL wasteload allocation for 
MS4 discharges into Santa Clara River 
Reach 5 is 100 mg/L. 
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Pollutant of 
Concern (1) Rationale for Selection / Exclusion Significance Criteria 

Pathogens 
(Bacteria, 
Viruses, and 
Protozoa) 

1. Bacteria and viruses are common 
contaminants of stormwater.  For separate 
storm drain systems, sources of these 
contaminants include animal excrement 
and sanitary sewer overflow. High levels 
of indicator bacteria in stormwater have 
led to the closure of beaches, lakes, and 
rivers to contact recreation such as 
swimming (CASQA, 2003). 

2. Fecal and total coliform are  frequently 
monitored indicator organisms of 
pathogens.   

3. Human-related activities can increase 
coliform concentrations.  

4. Concentrations of coliform in stormwater 
also can be elevated due to the presence 
of coliform bacteria from natural sources. 

1. Basin Plan objectives are based on the 
designated uses of the water body.  
Santa Clara River Reach 5 is listed 
with a REC1 beneficial use. Resolution 
No. 01-018 (LARWQCB, 2001) 
amended the Basin Plan objectives for 
bacteria in waters with a contact 
recreation beneficial use.  These 
standards for freshwaters are 

         Geometric Mean  Single Sample           

E. coli   ≤ 126/100 mL   ≤ 235/100 mL           

fecal      ≤ 200/100 mL  ≤ 400/100 mL            
coliform  

Petroleum 
Hydrocarbons: 
Oil & Grease 
and Polycyclic 
Aromatic 
Hydrocarbons 
(PAHs)  

1. Oil and grease includes a wide array of 
hydrocarbon compounds, some of which 
are toxic to aquatic organisms at low 
concentrations. Sources of oil and grease 
include leakage, spills, cleaning and 
sloughing associated with vehicle and 
equipment engines and suspensions, 
leaking and breaks in hydraulic systems, 
restaurants, and waste oil disposal 
(CASQA, 2003). 

2. Hydrocarbons are hydrophobic (low 
solubility in water), have the potential to 
volatilize, and most forms are 
biodegradable.  A subset of 
hydrocarbons, Polynuclear Aromatic 
Hydrocarbons (PAHs) can be toxic 
depending on the concentration levels, 
exposure history, and sensitivity of the 
receptor organisms. Of particular concern 
are those PAH compounds associated 
with transportation-related sources. 

3. Petroleum hydrocarbons are ubiquitous, 
and used in a wide variety of 
applications.  Potential sources are 
generally expected to increase with urban 
development and potentially during 
construction of the Project. 

1. Narrative objective in the Basin Plan 
for oil & grease: “Waters shall not 
contain oils, greases, waxes, or other 
materials in concentrations that result 
in a visible film or coating on the 
surface of the water or on objects in 
the water, that cause nuisance or that 
otherwise adversely affect beneficial 
uses.” 

2. PAHs are a class of compounds.  CTR 
values for individual PAHs are 
available for protection of human 
health only.  There are no regulatory 
standards for PAHs for the protection 
of aquatic health. 
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Pollutant of 
Concern (1) Rationale for Selection / Exclusion Significance Criteria 

Pesticides 1. Pesticides (including herbicides, 
fungicides, rodenticides, and insecticides) 
have been repeatedly detected in 
stormwater at toxic levels, even when 
pesticides have been applied in 
accordance with label instructions. As 
pesticide use has increased, so too have 
concerns about adverse effects of 
pesticides on the environment and human 
health. Accumulation of these compounds 
in simple aquatic organisms, such as 
plankton, provides an avenue for 
biomagnification through the food web, 
potentially resulting in elevated levels of 
toxins in organisms that feed on them, 
such as fish and birds (CASQA, 2003). 

2. Pesticides loads may be present in runoff 
from developed areas due to pesticide use 
for urban landscaping.  

1. Narrative objective in the Basin Plan: 
“Waters designated for use as domestic 
or municipal supply (MUN) shall not 
contain concentrations of pesticides in 
excess of the limiting concentrations 
specified in … Title 22 of the 
California Code of Regulations ….”  
Title 22 contains maximum 
contaminant levels for a range of 
pesticides. 

2. CTR lists numeric objectives for some, 
but not all pesticides. There are no 
CTR criteria for diazinon and 
chlorpyrifos, but these pesticides, 
along with other toxic legacy 
pesticides such as Chlordane, Dieldrin, 
DDT, and Toxaphene, are now banned 
from most residential uses. 
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Pollutant of 
Concern (1) Rationale for Selection / Exclusion Significance Criteria 

Trash and 
Debris 

1. Gross Pollutants (trash, debris, and 
floatables) may include heavy metals, 
pesticides, and bacteria in stormwater. 
Typically resulting from an urban 
environment, industrial sites and 
construction sites, trash and floatables 
may create an aesthetic “eye sore” in 
waterways. Gross pollutants also include 
plant debris (such as leaves and lawn-
clippings from landscape maintenance), 
animal excrement, street litter, and other 
organic matter. Such substances may 
harbor bacteria, viruses, vectors, and 
depress the dissolved oxygen levels in 
streams, lakes, and estuaries sometimes 
causing fish kills (CASQA, 2003). 

2. During the construction phase, there is 
potential for an increase in trash and 
debris loads due to lack of proper 
contractor good housekeeping practices at 
the construction site. 

1. Basin Plan narrative floating material 
objective: “Waters shall not contain 
floating materials, including solids, 
liquids, foams, and scum, in 
concentrations that cause a nuisance or 
adversely affect beneficial uses.” 

2. Basin Plan narrative settleable 
materials objective: "Waters shall not 
contain suspended or settleable 
material in concentrations that cause 
nuisance or adversely affect beneficial 
uses." 

3. Basin Plan narrative Biochemical 
Oxygen Demand (BOD5) objective: 
"Waters shall be free of substances that 
result in increases in the BOD which 
adversely affect beneficial uses." 

4. Basin Plan objectives for dissolved 
oxygen (DO): "At a minimum (see 
specifics below), the mean annual 
dissolved oxygen concentration of all 
waters shall be greater than 7 mg/L, 
and no single determination shall be 
less than 5.0 mg/L, except when 
natural conditions cause lesser 
concentrations. 

The dissolved oxygen concentration of 
all surface waters designated as 
WARM shall not be depressed below 5 
mg/L as a result of waste discharges." 

MBAS 
(Methylene blue 
activated 
substances) 

1. MBAS are related to the presence of 
detergents in water. Positive results may 
indicate the presence of wastewater or be 
associated with urban runoff due to 
commercial and/or residential vehicle 
washing or other outdoor washing 
activities. Surfactants disturb the surface 
tension which affects insects and can 
affect gills in aquatic life. 

1. Basin Plan objective for MBAS: 
“Waters shall not have MBAS 
concentrations greater than 0.5 mg/L in 
water designated (MUN).” 

Cyanide 1. Cyanide has been identified by the Los 
Angeles County Department of Public 
Works as a constituent of concern for the 
Santa Clara River based on monitoring 
conducted at mass emission Station S29 

1. The CTR criteria are the applicable 
water quality objectives for protection 
of aquatic life (40 CFR 131.38). The 
CTR criteria are expressed for acute 
and chronic (4-day average) 
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Pollutant of 
Concern (1) Rationale for Selection / Exclusion Significance Criteria 

(LACDPW, 2005).  Cyanide is used in 
electroplating, metallurgy, and gold 
mining. It is also used to make synthetic 
fibers, plastics, dyes, pharmaceuticals, 
and pesticides, including fumigants. In 
addition, cyanide serves as a chemical 
intermediate in various production 
processes. Natural cyanides are produced 
by certain bacteria, fungi, and algae, and 
they are present in a number of plants and 
foods as cyanogenic glycosides. Man-
made cyanides typically enter the 
environment from metal finishing and 
organic chemical industries. Other 
sources include iron and steel works, 
municipal waste burning, cyanide-
containing pesticides, road deicers, and 
vehicle exhaust. 

conditions; however, only acute 
conditions are applicable for 
stormwater discharges because the 
duration of stormwater discharge is 
typically less than 4 days in the Project 
area.  CTR freshwater aquatic life 
protection acute criteria is 22 µg/L. 

Bioaccumulation  1. Some pollutants of concern in stormwater 
runoff, such as metals or pesticides, have 
the potential to bioaccumulate in aquatic 
organisms potentially affecting the health 
of those organism or other species higher 
up the food chain.   

1. Although bioaccumulation is not a 
pollutant, it is a condition of concern.  
The Basin Plan objective for 
bioaccumulation is: “Toxic pollutants 
shall not be present at levels that would 
bioaccumulate in aquatic life to levels 
which are harmful to aquatic life or 
human health.” 

Oxygen, 
Dissolved & 
BOD 
(Biochemical 
oxygen demand) 

1. Adequate DO levels are required to 
support aquatic life.  Depressed levels 
may lead to anaerobic conditions.  

2. BOD can result in decreased dissolved 
oxygen levels affecting beneficial uses 
such as habitat designations. 

3. DO & BOD are correlated to nutrients 
and other organic compounds and are 
subsumed by those categories. 

1. Basin Plan objective for dissolved 
oxygen: “The dissolved oxygen 
content of all surface waters designated 
as WARM shall not be depressed 
below 5 mg/L as a result of waste 
discharges.” 

2. Basin Plan objective for BOD: “Waters 
shall be free of substances that result in 
increases in the BOD which adversely 
affect beneficial uses.” 
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Pollutant of 
Concern (1) Rationale for Selection / Exclusion Significance Criteria 

Biostimulatory 
substances 

1. Biostimulatory substances include excess 
nutrients and other compounds that 
stimulate aquatic growth resulting in 
impaired aesthetics and water quality 
impairments such as lowered dissolved 
oxygen values. 

2. Biostimulatory substances are correlated 
to nutrients and other organic compounds 
and are subsumed by those categories. 

1. Basin Plan objectives for 
biostimulatory substances: “Waters 
shall not contain biostimulatory 
substances in concentrations that 
promote aquatic growth to the extent 
that such growth causes nuisance of 
adversely affects beneficial uses.” 

Chemical 
Pollutants 

3. Chemical pollutants in excessive amounts 
in drinking water are harmful to human 
health. 

4. The chemical pollutants referenced under 
this water quality objective, such as trace 
metals and nitrate, are either subsumed by 
the categories above, or are not found in 
urban runoff (e.g., fluoride). 

2. Basin Plan objectives for chemical 
Pollutants: “Surface waters shall not 
contain concentrations of chemical 
Pollutants in amounts that adversely 
affect any designated beneficial use.” 

Temperature 1. Elevated temperatures are typically 
associated with discharges of process 
wastewaters or non-contact cooling 
waters.  Increase in temperature can result 
in lower dissolved oxygen levels 
impairing habitat and other beneficial 
uses of receiving waters.  Stormwater 
runoff from the Project site is expected to 
cool somewhat during treatment in 
structural BMPs and will be diluted in the 
receiving water.  As the beneficial uses in 
the receiving waters for the Project 
include warm freshwater habitat to 
support warm water ecosystems, any 
increase in temperature resulting from 
stormwater runoff from the project is 
expected to be less than significant. 

1. Basin Plan objectives for temperature: 
“For waters designated WARM, water 
temperature shall not be altered by 
more than 5 ºF above the natural 
temperature.  At no time shall these 
WARM-designated waters be raised 
above 80 ºF as a result of waste 
discharges”. 
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Pollutant of 
Concern (1) Rationale for Selection / Exclusion Significance Criteria 

Total Residual 
Chlorine 

1. Municipal pools and private pools in 
areas served by a municipal sanitary 
system are required to be discharged into 
the sanitary system.  Chlorine 
disinfection will not take place on the 
project site and there will not be any 
sources of elemental chlorine.  Chloride 
sources (e.g. fertilizers or other 
compounds with salts) are evaluated 
separately.  Therefore, total residual 
chlorine will not be present in runoff 
from the project. 

1. Basin Plan objectives for total residual 
chlorine:  “Chlorine residual shall not 
be present in surface water discharges 
at concentrations that exceed 0.1 mg/L 
and shall not persist in receiving 
waters at any concentration that causes 
impairment for beneficial uses”. 

Color, Taste, 
and Odor 

1. Undesirable tastes and odors in water 
may be a nuisance and may indicate the 
presence of a pollutant(s).  Odor 
associated with water can result from 
decomposition of organic matter or the 
reduction of inorganic compounds, such 
as sulfate.  Other potential sources of 
odor causing substances, such as 
industrial processes, will not occur as part 
of the project.  Color in water may arise 
naturally, such as from minerals, plant 
matter, or algae, or may be caused by 
industrial pollutants. 

2. The Project will contain no heavy 
industrial uses.  Commercial areas of the 
project are not expected to be a 
significant source of pollutants that might 
impart color or odor to stormwater flows 
from the Project area.  Source controls 
are expected to reduce the amount of 
plant material and BMPs will reduce 
sediment which could contribute to color 
or odor nuisances.  Therefore, color-, 
taste-, or odor-producing substances are 
not pollutants of concern for the project. 

1. Basin Plan objective for color:  
“Waters shall be free of coloration that 
causes nuisance or adversely affects 
beneficial uses”. 

2. Basin Plan objectives for taste and 
odor:  “Ground waters shall not 
contain taste or odor-producing 
substances in concentration that cause 
nuisance or adversely affect beneficial 
uses”. 
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Pollutant of 
Concern (1) Rationale for Selection / Exclusion Significance Criteria 

Exotic 
Vegetation 

1. Exotic vegetation typically provides little 
habitat value and can out compete native 
vegetation that is more suitable habitat 
for aquatic and terrestrial organisms. 

2. The landscape management plan will not 
use exotic vegetation, and undesirable 
invasive vegetation will be eradicated to 
the extent possible.  Therefore, exotic 
vegetation is not a pollutant of concern 
for the Project. 

1. Basin Plan objective for exotic 
vegetation: “Exotic vegetation shall 
not be introduced around stream 
courses to the extent that such growth 
causes nuisance or adversely affects 
designated beneficial uses.” 

Mineral Quality 
(TDS, Boron, 
Sulfate, Sodium 
Absorption 
Ratio - SAR) 

1. LACDPW stormwater monitoring data 
arithmetic mean concentrations for TDS, 
sulfate, and boron for urban land uses are 
below the water quality objectives for 
minerals.  Calculated SAR values are 0.6 
for SF residential and 1.9 for commercial 
based on LACDPW data. The minerals 
listed in the Basin Plan, except chloride 
and nitrogen, are not believed to be 
pollutants of concern due to the absence 
of river impairments and /or anticipated 
runoff concentrations below the Basin 
Plan objectives 

1. Basin Plan objectives for minerals: 

                           Reach 5                           
TDS (mg/L)         1000                                
Sulfate (mg/L)     400                            
Boron (mg/L)       1.5                                   
SAR (mg/L)         10 

         

pH 1. Mean runoff concentrations in the Los 
Angeles County stormwater monitoring 
data ranged from 6.5 for mixed- and 
single-family residential land uses to 7.0 
for commercial land use.  Therefore, pH 
in the Santa Clara River is not expected 
to be affected by runoff discharges from 
the project. 

1. Basin Plan objective for pH: “the pH 
of inland waters shall not be depressed 
below 6.5 or raised above 8.5 as a 
result of waste discharges.  Ambient 
pH levels shall not be changed more 
than 0.5 units from natural conditions 
as a result of waste discharge.” 
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Pollutant of 
Concern (1) Rationale for Selection / Exclusion Significance Criteria 

PCBs 1. PCBs are highly toxic persistent 
chemicals that have been historically 
released into the environment from 
industrial uses, such as transformers.  
Due to their persistence, PCBs can still be 
detected in urban runoff due to historic 
industrial sources of these chemicals.   

2. The project area did not historically 
include PCB-producing land uses and 
industrial land uses are not included in 
the proposed project.  Therefore, PCBs 
are not a pollutant of concern for the 
project. 

1. Basin Plan narrative regarding PCBs: 
“The purposeful discharge of PCBs to 
waters of the Region, or at locations 
where the waste can subsequently 
reach waters of the Region, is 
prohibited.  Pass-through or 
uncontrollable discharges to waters of 
the Region, or at locations where the 
waste can subsequently reach waters of 
the Region, are limited to 70 pg/L (30 
day average) for protection of human 
health and 14 ng/L and 30 ng/L (daily 
average) to protect aquatic life in 
inland fresh waters and estuarine 
waters respectively”. 

Radioactive 
Substances 

1. Some activities such as mining or 
industrial activities can increase the 
amount of radioactive substances 
impairing beneficial uses.   

2. The project will not have industrial or 
other activities that would be a source of 
any radioactive substances, and 
development will stabilize any naturally 
radioactive soils, though unlikely to be 
present in the project area.  Therefore, 
radioactive substances are not a pollutant 
of concern for the project. 

1. Basin Plan narrative objective for 
radioactive substances: “Radionuclides 
shall not be present in concentrations 
that are deleterious to human, plant, 
animal, or aquatic life or that result in 
the accumulation of radionuclides in 
the food web to an extent that presents 
a hazard to human, plant, animal, or 
aquatic life”. 

1. The pollutants of concern for the water quality analysis are those that are anticipated or potentially could be 
generated by the project at concentrations, based on water quality data collected in Los Angeles County from land 
uses that are the same as those included in the Project, that current loadings or historic deposits of the pollutant are 
impacting the beneficial uses of a receiving water, elevated levels of the pollutant are found in sediments of a 
receiving water and/or have the potential to bioaccumulate in organisms therein, or the detectable inputs of the 
pollutant are at concentrations or loads considered potentially toxic to humans and/or flora and fauna.   
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B. WATER QUALITY MODEL METHODOLOGY 

B.1. Model Description 

B.1.1. Model Overview 
The model used to assess stormwater quality impacts associated with the proposed Newhall 
Ranch Landmark Village sub-division is an empirical, volume-based pollutant loads model.  This 
type of loadings model is generally applicable in the planning and evaluation stages of a project.  
The model was developed to assess the potential impact of development on water quality and to 
evaluate the effectiveness of the structural Best Management Practices (BMPs) that will treat 
storm water runoff as part of the project storm water treatment system.  Two project conditions 
were evaluated with the water quality model: 
 

1. Pre-development 
2. Post-development with treatment BMPs 

 
Measured runoff volumes and water quality characteristics of storm water are highly variable.  
To account for this variability, a statistical modeling approach was used to estimate the volume 
of storm water, the concentration of pollutants in storm water, and the overall pollutant load 
(total mass of pollutants) in storm water runoff.  A statistical description of storm water provides 
an indication of the average characteristics and variability of the water quality parameters of 
storm water.  It does not forecast runoff characteristics for specific storms or monitoring periods. 
 
The statistical model is based on relatively simple rainfall/runoff relationships and estimated 
concentrations in storm water runoff.  The volume of storm water runoff is estimated using a 
modification to the Rational Formula, an empirical expression that relates runoff volume to the 
rainfall depth and the basin characteristics such as imperviousness, and soils infiltration 
characteristics.  The pollutant concentration in storm water runoff is represented by an expected 
average pollutant concentration, called the event mean concentrations (EMC).  The EMCs are 
estimated from available monitoring data from, and are strongly dependent on the land-use type.   
 
The flow chart in Figure B-1 provides an overview of the modeling methodology. 
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Figure B-1: Overview of Water Quality Analysis Methodology 
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The model does not incorporate the hydraulics or hydrology of the site, which would be more 
appropriate for design stages and requires additional data and more sophisticated modeling.  The 
model includes water quality benefits achieved by structural BMPs but not source control BMPs 
because data is generally not available or conclusive for the latter.  Model results are presented 
for average annual runoff volumes, pollutant loads, and pollutant concentrations.  
 
As with all environmental modeling, the precision of results is heavily dependent on how well 
the hydrologic, water quality and BMP effectiveness data describe the actual site characteristics.  
Local and regional data are used to the fullest extent possible to help minimize errors in 
predictions, but such data are limited and traditional calibration and verification of the model is 
not feasible.  It is important to note that the predictions of relative differences should be more 
accurate than absolute values.   

B.1.2. Model Assumptions 
The water quality modeling methodology requires that some assumptions are made for both the 
model input parameters and the way the modeling calculations are carried out. Section B.2.6 
discusses the assumptions that were made in specifying the model parameters and Section B.3.4 
discusses the assumptions regarding the modeling approach.  Section B.4 discusses model 
accuracy.  

B.2. Model Input Parameters 
Many parameters that can affect pollutant loads and concentrations vary spatially and may not be 
adequately represented by stormwater monitoring data collected at discrete locations.  Examples 
include source concentrations, topography, soil type, and rainfall characteristics all of which can 
influence the buildup and mobilization of pollutants.  The following model parameters represent 
the best data currently available for representation of existing and developed site conditions in 
the water quality model. 

B.2.1. Storm Events 
Rainfall analysis was conducted with data from the National Climatic Data Center (NCDC) 
Newhall rain gauge (station number 046162), located in the town of Newhall, California.  Figure 
B-2 shows the location of the Newhall gauge in relation to the Newhall Ranch Landmark Village 
Project area.  This gauge is located approximately 7 miles from the project.  The gauge elevation 
of 1,243 ft above mean sea level (AMSL) is comparable to the Landmark Village Project area 
elevation of approximately 1,000-1,200 ft AMSL.  
 
While the period of record rainfall data collected at the Newhall rain gauge is quite long (35 
years), there are still some gaps in the record.  In order to improve the characterization of rainfall 
at the project site, estimates of the missing rainfall data were made through correlation of the 
Newhall rain gauge with the San Fernando rain gauge (NCDC station number 047762) which is 
located approximately 5 miles away (south and slightly east).   
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The Castaic Junction gauge monitored by the Los Angeles County Department of Public Works 
(LACDPW) is located closer to the Project; however, the usable period of record at this gauge is 
limited to approximately 12 years which is considered too short to produce significant results in 
long-term simulation. 
 

NCDC Newhall 
Rain Gage 

Newhall Ranch 
Project Location 

 
Figure B-2: Location of Newhall Rain Gauge in the Vicinity of the Project Area 

 
First a comparison of daily rainfall totals was made from the available data to assess the 
similarity in rainfall amounts between the two stations.  Daily data from 1969 to 2003 was 
screened to keep only the 24-hour totals with measured rainfall at both stations, which eliminated 
missing data at either station.  Correlation of the 24-hour rainfall totals is shown in Figure B-3.  
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Figure B-3: Correlation of 24-hour Totals between Newhall & San Fernando Gauges 

The correlation is reasonably strong considering that the comparison is between the daily 
accumulations, i.e. a storm could result in appreciable rainfall at one gauge and little rainfall at 
the other.  This comparison indicates that daily precipitation depths are similar between the two 
gauges.  Another comparison was made using only months with a complete rainfall record and 
measured rainfall at both stations (Figure B-4).  This monthly correlation was much stronger due 
to the longer comparison period, and indicated slightly higher rainfall amounts at the Newhall 
gauge compared to the San Fernando gauge. 
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Figure B-4: Correlation of Monthly Totals Newhall & San Fernando Gauges 

 
Based on the relationship developed through the monthly comparison, a multiplier of 1.025 was 
applied to the hourly rainfall data from the San Fernando gauge to fill in the missing periods of 
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rainfall data at the Newhall gauge.  Values were rounded to the nearest 1/100 inch after the 
adjustment. 
 
Rainfall analysis was conducted for all storm events and for the storms that are expected to 
contribute to stormwater runoff (storms > 0.1 inches).  The rainfall data were analyzed using a 
code similar in performance to EPA’s Synoptic Rainfall Analysis Program (SYNOP).  The 
customized code (GeoSYNOP) was used as it facilitates filling in missing periods of data and is 
more robust when handling the date and time of storms.  GeoSYNOP subdivides the rainfall 
record into discrete events separated by a dry inter-event period, which in this case was set to a 
minimum of 6 hours. Small rainfall events whose depth was less than or equal to 0.10 inches 
were deleted from the record as such events tend to produce little if any runoff (USEPA, 1989; 
Schueler, 1987).  For the Newhall gauge, a total of 538 storm events (> 0.1 inches) were 
segregated from the continuous data.  Storm statistics for the full (all the storms) and the 
trimmed (storms > 0.1 inch) data sets are shown in Table B-1. 
 

Table B-1: Analysis Results for the Actual and Filled Newhall Rainfall Data 
Newhall Gauge 1969 – 2003 Original Record Augmented Record1 

Storms Total Missing Records (days): 427 52 

Average annual rainfall (in): 17.4 18.8 

Total number of storms: 840 890 

Average number of storms per year: 24.0 25.4 

Average storm volume (in): 0.72 0.74 

Average storm duration (hrs): 6.87 7.35 

A
ll 

St
or

m
s 

Average storm intensity (in/hr): 0.103 0.101 

Average annual rainfall (in): 16.2 17.9 

Total number of storms: 493 538 

Average number of storms per year: 14.1 15.4 

Average storm volume (in): 1.15 1.16 

Average storm duration (hrs): 11.0 11.5 St
or

m
s >

0.
1 

in
ch

 

Average storm intensity (in/hr): 0.107 0.105 
1- Augmented record includes adjusted data from San Fernando gauge to fill gaps in Newhall gauge record.  

B.2.2. Runoff Coefficients 
One of the most variable parameters is the runoff coefficient, which is a function of the percent 
impervious.  Novotny and Olem (1994), when discussing the Rational Formula, state “...the 
runoff coefficient is the most important task of the entire calculation.”  The following describes 
how the runoff coefficients were estimated in the model. 
 

B.2.2.1. SWMM Runoff Coefficient Modeling Parameters 
The Water Quality model uses a linear equation to estimate a runoff coefficient for sub-basins as 
a function of the percent impervious.  The format of this equation is described as: 
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Runoff Coefficient = Slope × % Impervious + Intercept 

The appropriate slope and intercept to define the runoff coefficient equation may be taken from 
region-specific data, regulatory guidance or developed using hydrologic models.  The Los 
Angeles County Standard Urban Stormwater Mitigation Plan (SUSMP) Manual and the LA 
County Hydrology Manual use the following equation to calculate developed runoff coefficient: 

CD = (0.9 × Imperviousness) + (1.0 – Imperviousness) × CU 

Where:   CD = Developed Runoff Coefficient 
  Imperviousness = Proportion Impervious (0 to 1) 
  CU = Undeveloped Runoff Coefficient 
 
The undeveloped runoff coefficient (CU) in this equation is a function of soil type and rainfall 
intensity.  For most soils found in LA County area and the range of intensities associated with 
water quality storms, CU may be assumed to equal 0.1.  Substituting this value into the equation 
above yields:  

Runoff Coefficient = 0.008 × % Impervious + 0.1 

Note: This equation was not used in water quality modeling.  It was only used as a basis for 
comparison with project-specific runoff coefficient equations developed as described below. 

 As the Landmark Village Project area contains a variety of soil conditions, continuous 
simulation modeling, using the Storm Water Management Model (SWMM), was conducted to 
determine the appropriate slope and intercept parameters to use in the linear runoff coefficient 
equation.  Key parameters for the SWMM model are shown in Table B-2.   

   

Table B-2: SWMM Runoff Module Parameters 

SWMM Runoff Parameters  Units Values 
Wet time step seconds 600 
Wet/dry time step seconds 600 
Dry time step seconds 14,400 
Impervious Manning’s n  0.012 
Pervious Manning’s n   0.25 

Drainage area modeled for Rv 
determination acres 

10   (Actual project areas sub-divided by 
hydrologic soil groups and normalized to 10 
acre catchments) 

Shape  
Rectangular, 500 ft flow path length for 
pervious areas, 250 ft flow path length for 
impervious area. 

Impervious Fractions 
Modeled  0%, 33.3%, and 100%.  See Table B-3 for 

specific runoff block dimensions. 
Slope ft/ft 0.02, project area is relatively flat. 
Evaporation in/month 80% of reference ET values contained in  
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SWMM Runoff Parameters  Units Values 
Table B-5 were used for the existing site 
conditions to reflect existing uses and the 
post-development project condition. 

Soil properties / infiltration  Green-Ampt soil parameters as contained in 
Table B-4. 

Depression storage, 
impervious   inches 0.02, based on Table 5-14 in SWMM manual 

(James and James, 2000). 

Depression storage, pervious inches 0.06, based on Table 5-14 in SWMM manual 
(James and James, 2000). 

 
Runoff path lengths will affect ET and runoff volumes. As the path length increases, ET and 
infiltration increase and runoff decreases. For consistency in model runs three scenarios were 
modeled as shown in Table B-3 with consistent runoff path lengths for pervious surfaces and 
impervious surfaces.  Rectangular catchments were assumed, thus the catchment width for input 
to SWMM was calculated as the catchment area divided by the total path length.  As only one 
width may be assigned for each catchment, modeled impervious fractions were chosen 
specifically to result in consistent runoff path lengths for pervious and impervious surfaces.  
Maintaining consistent path lengths ensures that the results of SWMM can be well-approximated 
by a linear trendline.   
 

Table B-3: SWMM Runoff Block Modeled Percent Impervious Values 

Area (ac) % Impervious SWMM Width 
(ft) 

Pervious Flow 
Length (ft) 

Pervious Flow 
Length (ft) 

10 0 871 500 0 
10 33.3 581 500 250 
10 100 1742 0 250 

 
Some soils in the vicinity of the project area have been classified as sandy-loam soils deposited 
by the Santa Clara River (R.T. Frankian & Associates, 2001).  Soils in the Landmark Village 
Project area were conservatively modeled with infiltrative capacity comparable to silt-loam soils, 
resulting in little surface runoff for the existing condition and a conservative estimate for the 
developed condition when further reducing the hydraulic conductivity by 25 percent to account 
for compaction.  The Green-Ampt soils properties used for the SWMM modeling are shown in 
Table B-4. 
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Table B-4: Green-Ampt Soil Parameters 

Soil Texture Class 

Suction 
Head 
(cm) Ks (cm/hr) 

Suction 
Head (in) Ks (in/hr) 

Silt Loam – Existing Condition 16.68 0.68 6.57 0.27 

Silt Loam – Developed 
Condition 16.68 0.51 6.57 0.20 

Soil properties estimated from information contained in Table 5.5.5 of the Handbook of Hydrology (Maidment, ed. 
2003)  
 
Reference ET values for estimating actual ET rates was taken from Figure B-5 produced by the 
California Department of Water Resources.  The Landmark Village Project site is located in zone 
14.   Reference ET values for zone 14 are reproduced in Table B-5. 
 
Existing site conditions consist of agricultural row crops, both irrigated and dry farming.  To 
represent average existing site conditions, 80% of the reference ET values were used to reflect 
dry farming crops with lower water requirements and irrigated farming with slightly higher 
evapotranspiration rates.  Eighty percent of the reference ET values were also used to simulate 
the landscaped areas in the post-development condition. 

 

Table B-5: Evaporation Parameters for Hydrology Model (from CA ET map) 

Evapotranspiration Rates 80% 
Month 

Inch / day Days / month Inch / Month Inch / Month 
January 0.05 1.24 1.55 1.24 
February 0.08 1.79 2.24 1.79 
March 0.12 2.98 3.72 2.98 
April 0.17 4.08 5.1 4.08 
May 0.22 5.46 6.82 5.46 
June 0.26 6.24 7.8 6.24 
July 0.28 6.94 8.68 6.94 

August 0.25 6.2 7.75 6.2 
September 0.19 4.56 5.7 4.56 

October 0.13 3.22 4.03 3.22 
November 0.07 1.68 2.1 1.68 
December 0.05 1.24 1.55 1.24 

 Total 45.63 57.04 45.63 
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Figure B-5: Reference ET for CA Zones 

 
 

B.2.2.2. SWMM Runoff Coefficient Results 
Using the model input parameters described above, runoff coefficient equations have been 
developed for all modeled watersheds. Figure B-6 and Figure B-7 display the SWMM results (as 
diamonds) and the best fit line for existing and developed project conditions, respectively.   
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Figure B-6: Existing Conditions Runoff Coefficient Equation 
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Figure B-7: Developed Conditions Runoff Coefficient Equation 

 
The intercept was rounded to three decimal places resulting in the following equations used to 
estimate runoff coefficients in the water quality model as a function of imperviousness 
 

• Existing Conditions: Runoff Coefficient = 0.0092 × % Impervious + 0.035 
• Developed Conditions: Runoff Coefficient = 0.0089 × % Impervious + 0.063 
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B.2.3. Land Use & Treatment BMPs 
 
The delineation of land uses and areas within Landmark Village were determined from the 
Vesting Tentative Tract Map No. 53108 for the developed Project conditions.  The existing and 
developed conditions of the Project and associated off-site areas are summarized in Table B-6 
and Table B-7, respectively.   
 
Included in the water quality analysis are 103.6 acres of off-site project areas.  The section of 
State Route 126 (SR126) adjacent to the Landmark Village Project area will undergo widening, 
which will increase the area of this section of SR126 from 72.8 to 95.6 acres.  Four water tanks 
and access roads will be located near the project.  The required area for the water tanks was 
conservatively estimated at 2 acres per tank and access road, as detailed information is not yet 
available.   Modeled areas for SR126 for existing and developed conditions are shown in Table 
B-6 and Table B-7, respectively.   
 

Table B-6: Existing Conditions Project & Off-site Areas 
Development Area (Acres) 

Off-Site Land Use 
Project Site 

SR126 Water Tanks 
Row Crops 292.6   

Roads  72.8  
Open Space  22.8 8 

Total 292.6 95.6 8 

 

Table B-7: Developed Conditions Project & Off-site Areas 
Development Area (Acres) 

Off-Site Land Use Project Site 
SR126 Water Tanks 

Single family 50   
Multi-family 60.7   
Apartments 21   
Commercial 36.5  8 

Elementary School 9   
Parks 16.1   

Recreation Centers 5.2   
Trails & Misc. 38.3   

Roads 55.8 95.6  
Total 292.6 95.6 8 

 
Table B-8 provides the modeled land uses and percent impervious values used to represent the 
existing and developed project and off-site conditions.  The modeled land uses were based on the 
most representative land use within the available data sets (see Section B.2.4).  If a representative 
land use was not available from the monitored land uses (Section B.2.4), then a conservative land 
use was used.  For example, the water tanks and associated access roads will have very low 
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traffic and are not expected to result in appreciable pollutant loads in stormwater runoff.  The 
commercial land use, while expected to be very conservative for representing the water tanks and 
access roads, is believed to most closely simulate these types of land uses and was therefore 
selected to represent runoff from these areas.  
 

Table B-8: Modeled Land Uses, Percent Imperviousness, & Data Source 

Land Use Modeled Percent 
Impervious Modeled Land Use 

Row Crops 15% Agriculture 

Single family 42% Single Family Residential 

Multi-family 68% Multi-family Residential 

Apartments 68% Multi-family Residential 

Commercial 92% Commercial 

Elementary School 82% Education 

Parks 15% Open Space 

Recreation Centers 15% Open Space 

Trails & Misc. 5% Open Space 

Roads 100% Transportation 
1 Percent impervious values are based on the LA County Hydrology Manual.  
 
Stormwater runoff from all developed areas within the Landmark Village Project will be routed 
to bioretention areas, vegetated swales, and/or extended detention basin treatment control BMPs.  
Catch basin inserts will also be used in high use parking lots.  The off-site SR-126 expansion 
Project will provide vegetated swale treatment for both the new and existing untreated roadway 
area.  The utility corridor maintenance access road and potential future trail, as well as the water 
tanks and access roads, will drain to biofiltration treatment (vegetated swale or filter strip) or 
bioretention treatment.  The extended detention basin, vegetated swales, and bioretention areas 
will be designed to operate off-line, receiving dry weather flows, small storm flows, and the 
initial portion of large storm flows from a low-flow diversion structure in the storm drain.  The 
effectiveness of treatment BMPs is evaluated without taking site design and source control 
BMPs into account.  Therefore, the analysis is conservative in that it understates water quality 
controls. 

B.2.4. Stormwater Runoff Pollutant Concentrations 
Stormwater monitoring data collected by LACDPW was used to derive estimates of pollutant 
concentrations in runoff from urban land uses.  The existing conditions of the Landmark Village 
Project site contain agricultural uses.  Stormwater monitoring data collected by Ventura County 
was used to estimate stormwater pollutant concentrations for agricultural land use. 
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B.2.4.1. Los Angeles County Monitoring Data 
Recent and regional land-use based stormwater quality monitoring data was collected through 
the LA County Stormwater Monitoring Program.  This program was initiated with the goal of 
providing technical data and information to support effective watershed stormwater quality 
management programs in Los Angeles County.  Specific objectives of this project included 
monitoring and assessing pollutant concentrations from specific land uses and watershed areas.  
In order to achieve this objective, the County undertook an extensive stormwater sampling 
project that included 8 land use stations and 5 mass emission stations (located at the mouths of 
major streams and rivers), which were tested for 82 water quality constituents.  These data are 
presented in Los Angeles County 1994-2000 Integrated Receiving Water Impacts Report, 2000 
and Los Angeles County 2000-2001 Stormwater Monitoring Report, 2001. 
 
Stormwater quality for the Newhall Ranch and the Landmark Village sub-division was estimated 
based on the recent EMC data collected by LA County (LA County, 2000).  These data were 
used because of the relatively close location to the project site and because the monitored land 
uses were representative of the proposed land uses for the Newhall Ranch Project.  The 
monitored land uses stations are listed in Table B-9 with a brief description of the site and when 
the monitoring data were collected.    
  

Table B-9: LA County Land Use Monitoring Stations Available for Water Quality 
Modeling 

Station Name # Modeled 
Land Use Site Description1 

Years 
Monitoring 
Conducted 

Santa Monica 
Pier S08 Commercial 

The monitoring site is located near intersection 
of Appian Way and Moss Avenue in Santa 
Monica. The storm drain discharges below the 
Santa Monica Pier. Drainage area is 
approximately 81 acres.  The Santa Monica 
Mall and Third St. Promenade dominate the 
watershed with remaining land uses consisting 
of office buildings, small shops, restaurants, 
hotels and high-density apartments.  

1995-1999 

Sawpit Creek S11 Open Space  
(& Parks) 

Located in Los Angeles River watershed in 
City of Monrovia. The monitoring station is 
Sawpit Creek, downstream of Monrovia Creek. 
Sawpit Creek is a natural watercourse at this 
location. Drainage area is approximately 3300 
acres. 

1995-2001 

Project 620 S18 Single Family 
Residential 

Located in the Los Angeles River watershed in 
the City of Glendale. The monitoring station is 
at the intersection of Glenwood Road and 
Cleveland Avenue. Land use is predominantly 
high-density, single-family residential. 
Drainage area is approximately 120 acres. 

1995-2001 

Project 1202  S24 Light 
Industrial 

Located in the Dominguez Channel/Los 
Angeles Harbor Watershed in the City of 1995-2001 
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Station Name # Modeled 
Land Use Site Description1 

Years 
Monitoring 
Conducted 

Carson. The monitoring station is near the 
intersection of Wilmington Avenue and 220th 
Street. The overall watershed land use is 
predominantly industrial. 

Dominguez 
Channel S23 Freeway 

(Roadways) 

Located within the Dominguez Channel/Los 
Angeles Harbor watershed in Lennox, near 
LAX. The monitoring station is near the 
intersection of 116th Street and Isis Avenue. 
Land use is predominantly transportation and 
includes areas of LAX and Interstate 105. 

1995-2001 

Project 474 S25 Education 
(Schools) 

Located in Los Angeles River watershed in the 
Northridge section of the City of Los Angeles. 
The monitoring station is located along Lindley 
Avenue, one block south of Nordoff Street. 
The station monitors runoff from the California 
State University of Northridge. Drainage area 
is approximately 262 acres. 

1997-2001 

Project 404 S26 Multi-Family 
Residential 

Located in Los Angeles River watershed in 
City of Arcadia. The monitoring station is 
located along Duarte Road, between Holly Ave 
and La Cadena Ave. Drainage area is 
approximately 214 acres. 

1997-2001 

1) Los Angeles County 1999-2000 Draft Stormwater Monitoring Report (Los Angeles County, 2000) 
 

B.2.4.2. Ventura County Monitoring Data 
As part of its NPDES permit, the Ventura County Flood Control District conducts monitoring to 
determine the water quality of stormwater runoff from areas with specific land uses. One 
monitoring station, Wood Road at Revolon Slough (site A-1), drains the approximately 350 acre 
Oxnard Agricultural Plain, which is comprised almost entirely of agricultural land (primarily row 
crops), including a small number of farm residences and ancillary farm facilities for equipment 
maintenance and storage.  Data from the Wood Road station was used to estimate pollutant 
concentrations in stormwater runoff for agricultural land use. 
 
Land use runoff sampling for the Ventura County stormwater monitoring program originally 
began during the 1992/93 monitoring season, with up to several samples collected at each site 
during each storm season.  For the A-1 site, the period of record begins during the 1996/97 storm 
season, and continues through the 2003/04 season.  All land use monitoring sites are equipped 
with automated monitoring equipment, including flowmeters (with area-velocity probes and 
level sensors) and refrigerated auto-samplers which enable the collection of flow-weighted 
composite samples.  Stormwater quality monitoring data for the agricultural land use site was 
provided by Mark Davis of the Ventura County Watershed Protection District.  This information 
was extracted from their newly-constructed water quality database, which contains monitoring 
data for their land use, mass emission, and receiving water monitoring sites.   
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B.2.4.3. Data Analysis for Derivation of Land Use EMCs 
The County of Los Angeles Department of Public Works (LACDPW) has monitored stormwater 
runoff quality from various land uses throughout the County on an annual basis beginning in 
1995 through 2001.  For each year of monitoring several storm event mean concentrations 
(EMCs) are reported and included in the County’s annual water quality report to the Los Angeles 
Regional Water Quality Control Board.  The convention for dealing with the censored data (e.g., 
data only known to be below the analytical detection limit) is to substitute ½ of the detection 
limit for all non-detects.  L.A. County has followed this convention when providing summary 
arithmetic statistics of the stormwater monitoring data.  This method tends to introduce bias into 
the estimate of the mean and standard deviation and the summary statistics are not believed to be 
robust or adequately account for non-detects.  To further complicate matters, the detection limit 
for dissolved copper and total lead has changed during the period stormwater monitoring was 
conducted by LACDPW. 
 
In an effort to provide more reliable and accurate estimates of land use EMCs for the Landmark 
Village water quality modeling, a robust method of estimating descriptive statistics for censored 
data with multiple detection limits was employed.  The plotting position method described in 
Helsel and Cohn (1988) was used to estimate censored values using the distribution of 
uncensored values.  Descriptive statistics were then estimated using the parametric bootstrap 
method suggested by Singh, Singh, and Engelhardt (1997).   
 
Example Data Set 
To illustrate the statistical methods used to obtain land use EMCs, the LACDPW stormwater 
monitoring data collected for total lead from the transportation land use station is used.  The data 
were collected from 01/1996 to 04/2001.  At the beginning of March 1997 the detection limit for 
total lead changed from 10 to 5 μg/L.  Table B-10 describes the data according to the number of 
censored and uncensored values in the example data set.   
 

Table B-10. Number of Censored and Uncensored Data Points in the Total Lead 
Transportation Land Use Data Set  

Total Lead EMC Data for Transportation Land Use 

Uncensored 37 
Censored < 10 μg/L 2 
Censored < 5 μg/L 38 
Total Data Count 77 

 
Prior to applying the plotting position method, it is necessary to check the normality of the data.  
Figure B-8 shows histograms and probability plots of the transportation land use total lead data 
above detection limits in normal and lognormal space.  As indicated in the figure, the data tends 
to follow a lognormal distribution, a finding that is common with many pollutants in stormwater.    
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Figure B-8: Histograms and Probability Plots of Transportation Total Lead Data in 

Arithmetic and Lognormal Space 
 
To verify the visual check that the data are lognormally distributed, the Shapiro-Wilk goodness-
of-fit test was used (Royston, 1992).  In this test, if p > 0.1, the null hypothesis that the log data 
follow a normal distribution cannot be rejected.  For this example data set, the p-value of the log-
transformed uncensored data is 0.293, which indicates that lognormal distribution is a good 
approximation of the distribution of the data set.  
 
Method for Dealing with Multiple Detection Limits 
To account for the multiple detection limits in the censored data sets, a regression on order 
statistics (ROS) method was employed.  ROS is a category of robust methods for estimating 
descriptive statistics of censored data sets that utilize the normal scores for the order statistics 
(Shumway et al. 2002).  The plotting position method by Hirsch and Stendinger (1987) 
(summarized by Helsel and Cohn, 1988) was the ROS method used.  In this method, plotting 
positions are based on conditional probabilities and ranks, where the ranks of the censored 
(below detection) and uncensored data (above detection) related to each detection limit are 
ranked independently.  The method is summarized in the equations below.   
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After plotting positions for the censored and uncensored values have been calculated, the 
uncensored values are plotted against the z-statistic corresponding to the plotting position and the 
best-fit line of the known data points is derived.  Using this line and the plotting positions for the 
uncensored data, the values for the uncensored data are extrapolated.  Figure B-9 illustrates the 
results of the application of the plotting position method on the total lead data for transportation 
land use.   
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Where: 
Aj = the number of uncensored observations above the j detection limit and below the j 

+1 detection limit. 
Bj = the number of censored and uncensored observations less than or equal to the j 

detection limit. 
pej = the probability of exceeding the j threshold for j = m, m -1, … 2, 1 where m is the 

number of thresholds; by convention pem+1 = 0. 
 
Equation 2 was used for plotting the uncensored data and equation 3 was used for plotting the 
censored data; the plotting positions of the data were calculated using the Weibull plotting 
position formula. 
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Where: 

p(i) = the plotting position of the uncensored i data point. 
r = the rank of the ith observation of the Aj observations above the j detection limit. 
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Where: 
pc(i) = the plotting position of the censored i data point. 
r = the rank of the ith observation of the nj censored values below the j detection limit. 
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Figure B-9: Probability Plot of the Uncensored and Predicted (Censored) Total Lead 
Transportation EMCs 

 
Method for Calculating Descriptive Statistics 
After the censored data are estimated (or for datasets without non-detects), descriptive statistics 
were computed using the bootstrap method (Singh et al. 1997).  The bootstrap method samples 
from the data set with replacement several thousand times and calculates the desired descriptive 
statistics from the sampled data.  The steps of the bootstrap estimation method are described 
below.   
 

1. Take a sample of size n with replacement (the sampled data point remains in the data 
set for subsequent sampling) from the existing data set (Singh et al. recommends n be 
the same size as the original data set, this recommendation was followed for the 
analysis) and compute the descriptive statistic, θi, from the sampled data.  

2. Repeat Step 1 independently N times (10,000 for this analysis) each time calculating 
a new estimate for θi.   

3. Calculate the bootstrap estimate θB by averaging the θi’s for i=1 to N 
 
Fundamentally, the bootstrap procedure is based on the Central Limit Theorem (CLT), which 
suggests that even when the underlying population distribution is non-normal, averaging 
produces a distribution more closely approximated with normal distribution than the sampled 
distribution (Devore 1995).  Figure B-10 compares the total lead data after estimating censored 
values using the ROS method described prior to applying the bootstrap method with 
bootstrapped means of the ROS data.  Note the bootstrap means are more normally distributed 
than the original data and the central tendency of the data is centered near 8 ug/L.   
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Figure B-10: Comparison of the Distribution of ROS Method Total Lead Data and the 

Bootstrap Means of the ROS Data. 
 
The majority of the LACDPW stormwater monitoring for the pollutant land use combinations 
analyzed fit a lognormal distribution.  The data that did not statistically fit the lognormal 
distribution were more closely approximated with a lognormal distribution than a normal 
distribution. The bootstrap method was applied differently depending on the distributional fit of 
the data.  If the pollutant EMC data for a particular land use fit a lognormal distribution 
according to the Shapiro-Wilk goodness-of-fit test, the log-transformed data were bootstrapped 
and an estimate of the mean and standard deviation were obtained in log space and then 
converted to arithmetic space.  The assumption of lognormality was more stringently applied 
than normal by using an alpha significance value of 0.1.  This was done to improve the estimate 
of the standard deviation when the hypothesis of lognormality is rejected.  When analyzing data 
in log space there is a tendency to overestimate the standard deviation for relatively symmetric 
data and underestimate the standard deviation for severely skewed data.  For datasets that did not 
fit the lognormal distribution, the raw data were bootstrapped to obtain the mean and standard 
deviation statistics.  Bootstrapping the data in arithmetic space assumes no distribution in those 
instances when a distribution could not be confirmed through goodness-of-fit testing.   
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Conclusions 
The plotting position method for multiple detection limits has been used in conjunction with the 
bootstrap procedure for calculating the descriptive statistics used to represent pollutant EMC 
distributions in the water quality model.  If the uncensored data were determined to be 
lognormally distributed with less than 50% of the data below the detection limit (censored), the 
bootstrap procedure was coupled with lognormal theory (i.e., data were log transformed prior to 
the bootstrap analysis).  Otherwise, the original data plus the estimates of the censored data were 
analyzed in arithmetic space to calculate the arithmetic mean and standard deviation.  Table B-11 
summarizes the lognormal descriptive statistics, and Table B-12 summarizes the resulting 
arithmetic means. The latter data represent the land use specific pollutant EMCs in the Monte 
Carlo water quality model. 
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Table B-11: Lognormal Statistics for Modeling Pollutants Concentrations from Land Uses.  
 TSS TP NH3 NO3 NO2 TKN Diss Cu Tot Pb Diss Zn Cl 

Land Use Arithmetic 
Units mg/L mg/L mg/L mg/L mg/L mg/L μg/L μg/L μg/L mg/L 

Mean 3.966 -1.242 -0.832 -0.884 -2.721 0.711 2.210 1.292 4.778 3.043 
Commercial 

St. Dev 0.609 0.680 1.218 0.635 1.060 0.804 0.685 1.389 0.703 1.226 

Mean 4.097 -1.375 -1.838 -0.750 -3.127 0.296 2.163 0.777 4.121 2.380 
Education 

St. Dev 0.923 0.515 1.111 0.626 1.177 0.604 0.733 0.891 0.531 1.264 

Mean 5.019 -1.328 -1.065 -0.574 -2.650 0.783 2.344 1.994 5.591 2.238 
Light Industrial 

St. Dev 0.741 0.828 0.957 0.828 0.667 0.694 0.764 1.041 0.769 0.590 

Mean 3.935 -1.229 -1.271 -0.687 -3.011 0.345 2.806 1.902 4.783 1.261 
Transportation 

St. Dev 0.834 0.992 0.608 0.749 1.056 0.654 1.116 0.631 1.040 0.998 

Mean 3.144 -1.788 -1.208 -0.180 -2.932 0.346 1.768 0.812 3.965 2.124 Multi-Family 
Residential St. Dev 0.920 0.728 0.886 0.930 1.102 0.556 0.576 0.985 0.707 1.119 

Mean 4.178 -1.170 -1.248 -1.219 -3.198 0.734 1.869 1.762 2.392 1.440 Single Family 
Residential St. Dev 1.026 0.640 0.964 1.274 1.191 0.747 0.783 0.997 1.085 0.570 

Mean 6.754 0.990 0.338 2.519 -2.120 1.948 2.839 3.015 3.252 3.666 Agriculture  
(Ventura County) St. Dev 0.551 0.469 0.712 0.460 0.000 0.380 0.536 0.763 0.847 0.689 

Mean 3.342 -3.060 -3.075 -0.033 -3.976 -0.458 -2.573 -1.246 1.293 1 1.864 
Vacant / Open Space 

St. Dev 1.859 1.064 0.811 0.548 0.459 0.784 1.505 1.616 1.312 0.226 

1 – Dissolved zinc for open space was estimated from the total zinc analysis of LACDPW monitoring data.   Four data points for dissolved and total zinc from 
the National Stormwater Quality Database gave an average ration of dissolved to total zinc of 50 percent.  For the open space land uses the variation of dissolved 
zinc was assumed to equal that of total zinc (i.e. same standard deviation) and the lognormal mean was set to give an average concentration of 8.6 ug/L for the 
open space land use, half of the average total zinc concentration of 17.2 ug/L.  
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Table B-12: Resulting Arithmetic Means from Lognormal Statistics for Modeling Pollutant Concentrations 
TSS TP NH3 NO3 NO2 TKN Diss Cu Tot Pb Diss Zn Cl 

Land Use 
mg/L mg/L mg/L mg/L mg/L mg/L μg/L μg/L μg/L mg/L 

Commercial 63.5 0.364 0.913 0.505 0.115 2.81 11.5 9.55 152 44.5 

Education 92.1 0.289 0.295 0.575 0.088 1.61 11.4 3.23 70.9 24.0 

Light Industrial 199 0.373 0.545 0.793 0.088 2.78 13.9 12.6 360 11.2 

Transportation 72.4 0.478 0.338 0.666 0.086 1.75 30.8 8.17 205 5.80 

Multi-Family Residential 35.4 0.218 0.442 1.29 0.098 1.65 6.92 3.66 67.7 15.6 

Single Family Residential 110 0.381 0.457 0.665 0.083 2.75 8.81 9.57 19.7 4.97 

Agriculture (Ventura County) 998 3.00 1.81 13.8 0.120 7.54 19.7 27.3 37.0 49.6 

Vacant / Open Space 159 0.083 0.064 1.12 0.021 0.860 0.237 1.06 8.61 6.62 
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B.2.5.  Estimate of BMP Performance Parameters  
 
BMP performance is a function of three factors: (1) the fraction of stormwater runoff receiving 
treatment (often referred to as percent of runoff captured, or simply percent capture); (2) the 
pollutant removal achieved in the unit by virtue of infiltration and/or evapotranspiration 
(generically referred to as volume reduction); and (3) the pollutant removal achieved in the 
treatment unit by virtue of improved water quality. 
 
Capture efficiency calculations used to estimate results for the individual storms and volume 
reduction estimates are discussed in Section B.2.5.1.  Pollutant removal estimates are described 
in Section B.2.5.2. 
 

B.2.5.1. BMP Capture Efficiency  
The modeled structural BMPs were analyzed as flow or volume-based.  Different methods were 
used to calculate the capture efficiency of each type of BMP as discussed below. 
 

B.2.5.1.1. Volume-based BMP Capture Efficiency  
The GeoSYNOP program provides descriptive statistics of storm events based upon analysis of 
hourly rainfall records.  Included in these statistics is the dry time between storms.  This 
information, along with the storm depths and drainage rates of the volume based BMPs, was 
used to estimate the percent capture of the volume-based BMPs for each storm in the period of 
record. The percent capture calculations for volume-based BMPs required the following steps. 
 
Step 1 – Estimate Runoff Volumes for Each Storm in the Period of Record Modeled 
The runoff volume for each storm in the period of record (538 storms) was calculated for the 
tributary area draining to each BMP.   
 
Step 2 – Determine the BMP Storage Capacity 
Next, the available storage capacity of the BMP was calculated for each storm.  If the time from 
the preceding storm was equal to or larger than the drawdown time of the BMP (48 hours for 
DEDBs), then the BMP was considered empty at the time of the storm.  
 
If the time between storms was less than the drawdown time, then the capture volume was 
calculated to account for the size of the previous storm and the dry period between storms.  This 
is done in order to account for insufficient time for the BMPs to completely empty before the 
next storm arrived.  If the volume of stormwater runoff to the BMP from the previous storm was 
larger than the storage capacity of the BMP, then the BMP was assumed to have filled 
completely and the initial storage capacity (ISC) in equation 4 is zero.   
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If the runoff volume (for a storm occurring less than the drawdown time prior to the storm of 
interest) was less than the storage capacity of the BMP, then the difference between the storage 
capacity of the BMP and the runoff volume from the previous storm was considered available to 
capture runoff from the next storm.  This volume is then added to the storage capacity created 
from outflow from the basin during the time of the storms as shown in equation 4.   
   

TC = ISC + [BV × DD × T]                      (4) 
Where: 

TC  =  the treatment capacity (ft3) of a volume-based BMP available to capture runoff 
over the duration of a storm 

ISC =  the remaining storage volume after previous event (ft3), initial storage capacity for 
storm of interest 

BV  =  the BMP volume (ft3) 
DD  =  the draw down rate of a volume-based BMP in percent per hour (hr -1) [2.08% per 

hour for a 48 hour draw down time] 
T    =  the storm duration (hr) 

 
The above equation accounts for storage capacity that is created during emptying of the BMP 
while a storm occurs.  That is, during long duration storms more runoff can be processed through 
the BMP than for a short storm of comparable rainfall intensities and runoff rates.   
 
Step 3 – Determine BMP Percent Captures for Storms  
The storage capacity estimated from step 2 is compared to the runoff volume estimate from step 
1.  If the storage capacity exceeds the storm runoff volume then the storm is considered to be 
completely (100%) captured.  If the storage capacity is less than the runoff volume a volume of 
runoff equal to the storage capacity is considered treated by the BMP. The excess volume is 
assumed to bypass the BMP and enter the receiving water untreated.  
 

B.2.5.1.2. Flow Based BMP Capture Efficiency  
Vegetated swales represent the type of flow based BMP implemented as part of the Landmark 
Village Project. Capture efficiency for flow based BMPs depends on whether the BMP is on-line 
or off-line. On-line BMPs are designed without bypass capacity. Off-line BMPs are designed 
with a diversion structure for flows up to the treatment capacity.  
 
Step 1 – Estimate the Depth of Runoff Captured on an Hourly Basis 
The percent capture estimate for each storm is made through comparison of the hourly rainfall 
data comprising the storm event to the design rainfall intensity of the flow-based BMP.  For on-
line BMPs, if the depth of rainfall for a given hour exceeds the design rainfall intensity, then no 
treatment is credited for that hour. For off-line BMPs, if the depth of rainfall for a given hour 
exceeds the design rainfall intensity, then no treatment is credited for the rainfall above the 
design intensity (0.3 inches per hour).  If the design capacity (in inches per hour) of the BMP 



APPENDIX B 
 

B-26 

meets or exceeds the depth of rainfall occurring in a given hour, then all of the resulting runoff 
during that hour is considered treated.   
 
Step 2 – Sum the Depth of Rainfall Capture for Each Storm Event 
The depth of rainfall captured for each hour of rainfall during the storm event is then summed to 
give the total depth of rainfall considered captured by the BMP for the storm of interest. 
 
Step 3 – Calculate the Percent Capture for Each Storm Event 
The depth of rainfall captured during a given storm event is divided by the total depth of the 
storm to give the percent capture for the storm event that is used in the water quality model 
input. 
   
Note that because flow-based BMPs are designed based on rainfall intensity and because a non-
variable runoff coefficient method is used to convert rainfall to runoff over each catchment, the 
runoff characteristics of the catchment do not need to be known to calculate capture efficiency at 
the design stage.  Rather, capture efficiency is based on comparison to design rainfall intensity to 
measured rainfall intensity. 

B.2.5.1.3. BMP Capture Efficiency Results 
The estimated average capture efficiencies for the structural BMPs in the Landmark Village 
treatment system are shown in Table B-13 for swales, Table B-14 for bioretention BMPs, and 
Table B-15 for the extended detention basin.  The capture efficiency methods described above 
were used to estimate the fraction of runoff captured by each BMP type for each storm in the 
period of record.   

 

Table B-13: BMP Percent Capture Estimate for Swales 

Sizing 
Method 

Design Precipitation 
Intensity (in/hr) 

Estimated 
Capture 

Efficiency (%)1 

Modeled Volume 
Reduction (%) 

flow 0.30 80 25 
1 – Capture efficiency was calculated with hourly rainfall data for each storm as described above and reported as an 
annual average. 
 

Table B-14: BMP Percent Capture Estimate for Bioretention Areas 

Sizing 
Method Design Depth (in) 

Estimated 
Capture 

Efficiency (%)1 

Modeled Volume 
Reduction (%) 

volume 
Varies with 

imperviousness 80 25 

1 – The bioretention BMPs will be sized to capture and treat 80 percent of the stormwater runoff on an average 
annual basis.  The volume reduction, on an average annual basis, was modeled as equivalent to swales.   
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Table B-15: BMP Percent Capture Estimate for the Extended Detention Basin 

Sizing 
Method 

Tributary 
Area (ac)1 

% 
Impervious 

Runoff 
Coefficient 

Estimated 
Capture 

Efficiency 
(%) 1 

Modeled 
Volume 

Reduction 
(%) 

volume 10.9 84 0.90 80 15 
1 – The basin will be sized to capture and treat 80 percent of the stormwater runoff on an average annual basis.  
Continuous simulation modeling indicated a storage volume of approximately 1.1 acre-feet would be required for a 
design emptying time of 48 hours.  If additional storage capacity is available in the water quality basin above that 
required for the current tributary area, additional areas may be routed to the basin to utilize the treatment capacity. 
 
As Table B-13, Table B-14 and Table B-15 show, volume and flow-based treatment BMPs will 
be sized such that an overall capture efficiency of 80 percent or greater is achieved for the 
treatment of stormwater runoff from the Landmark Village Project on an average annual basis.  
Capture efficiency in the water quality analysis was conservatively modeled as 80 percent on an 
average annual basis although off-line swales are expected to exceed this value. In areas where 
sufficient space is available, volume-based BMPs may be ‘oversized’ and exceed the treatment 
goal of 80 percent capture. 
 

B.2.5.1.4. BMP Volume Reductions 
The volume reduction achieved by a BMP is a function of the capture efficiency and the fraction 
of captured stormwater runoff that is infiltrated, evaporated, or transpired by vegetation. 
 
BMPs specifically designed to infiltrate stormwater runoff are not included in the stormwater 
management system.  However, data in the International BMP Database have shown that as 
much as 30 percent of stormwater volume captured by dry extended detention basins and 35 
percent captured by swales can be lost to infiltration (Strecker et al., 2004), which indicates that 
this may be an important mechanism that should be included in the water quality analysis. 
Volume reductions achieved were conservatively modeled as 10 percent for the detention basin1 
and 25 percent for swale and bioretention BMPs. Bioretention areas for the Landmark Village 
Project will use underdrains to minimize the required footprint area; therefore, volume reduction 
is modeled conservatively as equivalent to swales.  
 

B.2.5.2. BMP Pollutant Removal 
Various data sources were examined to estimate the anticipated performance of the treatment 
BMPs.  A comprehensive source of BMP performance information is the American Society of 
Civil Engineers (ASCE) International Stormwater BMP Database (ASCE/EPA, 2003, Strecker et 
al., 2001).  The ASCE BMP database is comprised of carefully examined data from a peer-
reviewed collection of studies that have monitored the effectiveness of a variety of BMPs in 

                                                 
1 The average volume reduction was modeled as 10 percent as the basin will be lined to reduce infiltration and 
protect bank stability at the edge of the project in turn limiting the volumetric reduction of stormwater runoff. 
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treating water quality pollutants for a variety of land use types.  The mean effluent water quality 
for treatment BMPs used for modeling purposes was based on values found in the International 
Stormwater BMP Database (ASCE/EPA, 2003).  Recent work in characterizing BMP 
performance suggests that effluent quality rather than percent removal is more reliable in 
modeling stormwater treatment (Strecker et al. 2001).   
 
To match site conditions, the BMP database studies were screened to exclude studies where 
BMP design or function was believed to result in significantly lower performance than the BMP 
design criteria that will be met for the Landmark Village BMPs.  For example some of the 
detention basins studies had significantly lower maximum detention times than the 48 hour 
criteria for the water quality basins.  The water quality data for detention basins with a 
drawdown time of less than 9 hours were excluded from the data set used to predict detention 
basin performance.  Certain studies in the detention basins category were not considered 
comparable in function to the dry-extended detention basin that will be incorporated into the 
Landmark Village treatment system.  Detention basins that were listed as either underground 
vaults or settling chambers were also excluded. All biofiltration (i.e. vegetated swales and filter 
strips) studies in the BMP database were deemed valid and were used in statistical analysis.  
 
As with the estimation of land use EMCs, final effluent values to be used in modeling analysis 
were determined using a combination of regression-on-order statistics and the “bootstrap” 
method (see Section B.2.4.3).   
 
Once the BMP sites had been screened for design criteria, the normality and lognormality of all 
BMP effluent sample data sets were tested using the Shapiro-Wilk goodness-of-fit test (Royston 
1992).  The majority of the pollutant data fit a lognormal distribution.  The data that did not 
statistically fit the lognormal distribution were more closely approximated with a lognormal 
distribution than a normal distribution.  The bootstrap method was applied differently depending 
on the distributional fit of the data.  If the data fit a lognormal distribution, the log-transformed 
data were bootstrapped and an estimate of the mean and standard deviation were obtained in log 
space and then converted to arithmetic space.  The assumption of lognormality was more 
stringently applied than normal by using an alpha significance value of 0.1. This was done to 
improve the estimate of the standard deviation when the assumption of lognormality fails.  When 
analyzing data in log space there is a tendency to overestimate the standard deviation for 
relatively symmetric data and underestimate the standard deviation for severely skewed data.  
For datasets that did not fit the lognormal distribution, the raw data were bootstrapped to obtain 
mean and standard deviation values.  Bootstrapping the data in arithmetic space assumes no 
distribution in those instances when a distribution could not be confirmed through goodness-of-
fit testing. 
 
Table B-16 shows the lognormal effluent quality descriptive statistics for detention basins and 
swales.  These values were estimated using the above procedure on the ASCE/USEPA 
International BMP Database data (ASCE/EPA, 2003).  Note that data were not available for 
nitrite or ammonia for detention basins.  Removal was not simulated for these pollutants in the 
detention basin.  Chloride removal was not simulated in the treatment BMPs as chloride is highly 
water soluble and is not a nutrient given to uptake by vegetation. 



APPENDIX B 
 

B-29 

 

Table B-16:  Summary of Lognormal Effluent Quality Statistics & Arithmetic Mean 
Effluent Quality for Modeled BMPs. 

Lognormal Modeling Parameters Arithmetic Means 

Detention Basins Swales & 
Bioretention 

Pollutant Mean St Dev Mean St. Dev 

Detention 
Basins 

Swales & 
Bioretention 

TSS 3.503 0.709 3.089 0.821 42.7 30.7 
Total P -1.262 0.553 -1.340 1.051 0.330 0.455 
NH3 NA NA -3.363 1.064 NA 0.061 
NO3 -0.346 0.671 -1.394 1.108 0.886 0.459 
NO2 NA NA -5.028 1.311 NA 0.015 
TKN 0.460 0.522 0.336 0.593 1.81 1.67 
Dissolved Cu 2.427 0.501 1.756 0.776 12.8 7.82 
Total Pb 3.000 0.931 1.402 1.314 31.0 9.64 
Dissolved Zn 3.786 0.705 3.231 0.714 56.5 32.6 

NA - not available 
 

B.2.6. Model Parameter Reliability & Assumptions 
The input parameters for the water quality model fall into the following five main categories:   

• Rainfall data; 
• Runoff Coefficients; 
• Land Use data; 
• Stormwater pollutant EMCs; and 
• BMP performance estimates. 

Each of the categories of input data is evaluated for accuracy in reflecting the project site 
conditions: 
 
Rainfall Data: A limited period of record (about 12 years of hourly data) is available from the 
Castaic Junction gauge monitored by the LACDPW.  The Castaic Junction gauge is nearer to the 
project site and consistently measures precipitation amounts lower than recorded at the Newhall 
gauge.  However, the limited period of hourly data collected at the Castaic Gauge is insufficient 
for water quality modeling and the rainfall data collected at the Newhall gauge was used.  The 
rainfall data from the Newhall gauge are believed to overestimate the average annual rainfall by 
about 3 inches per year resulting in a conservative estimate of stormwater runoff volumes and 
changes in average annual volumes resulting from development.  The San Fernando gauge which 
was used to fill in missing periods in the Newhall gauge measures only slightly lower average 
rainfall depths than the Newhall gauge and the data used from this gauge were corrected to 
account for this small difference.  Thus the use of San Fernando gauge data to fill gaps in the 
Newhall record results in a more accurate representation of actual rainfall and does not 
significantly bias estimates of runoff volume or concentration.  
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Runoff Coefficients:  The estimation of runoff coefficients, described in Section B.2.2, is highly 
dependant on soil properties (i.e. infiltration potential) and less dependent on parameters such as 
ET rates, slopes, and surface roughness.  Soil properties are estimated as accurately as possible 
from available data such as soil surveys and site specific geomorphology studies.  The result is 
estimates for runoff coefficients that may somewhat overestimate or underestimate stormwater 
runoff.   The net result on the water quality model is that this parameter is not conservatively 
estimated; however, it is estimated as accurately as the available information permits.  When 
combined with the overestimate of average annual rainfall and land use percent impervious 
values (discussed below), stormwater runoff volumes are somewhat conservatively predicted. 
 
Land Use Data:  Land use data is generally considered a relatively accurate and quantifiable 
input parameter.  The land use data for the developed conditions can be used to classify land use 
type and compute area.  The percent impervious values used in the water quality model for the 
urban land uses in the developed project condition are based upon the values listed in the LA 
County Hydrology Manual (2006).  The percent impervious values assigned to types of urban 
land uses may slightly overestimate imperviousness for some land uses because the Manual is 
intended for drainage and flood control analysis of large storm events.  However on a whole the 
Hydrology Manual values are generally considered to be a fairly accurate quantification of 
impervious where detailed site designs are not available.  The emphasis of modeling efforts 
described herein is to quantify imperviousness as accurately as possible without intentionally 
incorporating conservatism.  
 
Stormwater Pollutant EMCs:  Stormwater pollutant EMCs are estimated from monitoring data 
collected by the LACDPW from land use characterization stations and generally do not have site 
design and source control BMPs that will be implemented for the Landmark Village Project.  
Therefore the stormwater pollutant EMCs estimated from the LACDPW data are probably 
slightly conservative compared to the pollutant concentrations in stormwater runoff that will 
occur from the developed conditions of the project site. 
 
BMP Capture Efficiency & Effluent Concentrations:  Stormwater capture efficiency estimates 
were calculated in Excel spreadsheets to provide results on a storm-by-storm basis for input into 
the water quality model, to accurately reflect the anticipated performance of the structural 
stormwater BMPs.   
 
BMP effluent concentrations are based on studies contained in the International BMP database.  
These studies are screened to remove data for undersized (i.e. inadequate design criteria) BMPs 
that are likely to have pollutant removal performance substantially less than the BMPs to be 
constructed for Landmark Village.  This screening is believed to improve the accuracy of BMP 
performance estimates; however, it is only intended to remove BMPs that are clearly 
unrepresentative in terms of sizing.  The screening process is intended to include BMPs with 
adequate performance that may not be as well designed or maintained as the structural BMPs 
that will be part of Landmark Village.  It is anticipated that the BMPs for the Landmark Village 
Project will perform as well, if not slightly better than the projected performance based on the 
database.  A major issue in the use of the International Database is representativeness for semi-
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arid climates. In this respect the database contains sites from different climates, but does include 
a number of sites from semi-arid climates, including data for over 40 sites studied by Caltrans. 
 
Conclusions:  The runoff coefficient, land use type and area, land use percent imperviousness 
and BMP performance model input parameters are thought to be reasonably accurate 
representations of the site conditions and do not increase the conservativeness of the water 
quality model.  The rainfall data and stormwater pollutant EMC estimates are believed to result 
in conservative estimates of stormwater runoff volumes, pollutant concentrations and therefore 
pollutant loads.  Overall, the predevelopment model input parameters likely result in a slight 
underestimation of estimated loads and concentrations in the existing condition. The water 
quality estimates for the developed project condition are also believed to be conservative (i.e., 
tend to overestimate loads and concentrations) due to pollutant concentration estimates, and 
BMP performance estimates that in general do not include the benefits of site design or source 
control BMPs that are planned to be implemented in Landmark Village. 
 

B.3. Model Methodology 
A Monte Carlo simulation method was used to develop the statistical description for storm water 
quality.  In this approach, the storm water characteristics from a single rainfall event are first 
estimated.  The rainfall depth was determined by randomly sampling from the historical rainfall 
depth frequency distribution.  Similarly, an EMC was determined by randomly sampling from 
the frequency distribution of EMCs. The rainfall volume and EMC were used to determine 
runoff volume, pollutant concentration, and pollutant load of the single storm event.  BMP 
volume reduction and performance (effluent quality), determined by randomly sampling from the 
developed frequency distributions, were used to calculate the pollutant removal resulting from 
treatment in the BMP system.  This procedure was then repeated thousands of times (20,000), 
recording the volume, EMC and load from each randomly selected storm event, including 
treatment for the developed project condition.  The statistics of these recorded results provide a 
description of the average characteristics and variability of the volume and water quality of storm 
water runoff.   
 

• Total Suspended Solids (sediment) 
• Total Phosphorus 
• Ammonia 
• Nitrate 
• Nitrite 
• Total Nitrogen2 
• Dissolved Copper  
• Total Lead 
• Dissolved Zinc 
• Chloride 

                                                 
2 TKN is modeled, but the results are not reported. Total Nitrogen results are reported from the sum of nitrate, 
nitrite, and TKN. 
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The steps in the Monte Carlo Water Quality Model are as follows:  

1. Develop a statistical description of the number of storm events per year, and randomly 
select a number Nstorms.  

2. Estimate the volume of storm runoff for each land use area from a randomly selected 
storm event. 

3. Randomly select a pollutant concentration in storm runoff for each land-use area and 
each pollutant. 

4. Calculate the total runoff volume, pollutant load, and concentration in runoff from the 
modeled portion of the project, for both existing and developed conditions. 

5. Calculate a total annual pollutant load by repeating steps 2-4 Nstorms times, where Nstorms 
is the number of storms per year, randomly selected in step 1.  

6. Repeat steps 1 - 6 a total of 20,000 times for each pollutant modeled, recording the 
estimated pollutant concentration and annual load for each iteration. 

7. Develop a statistical representation (mean annual value) of the recorded storm water 
pollutant loads and concentrations.   

 

Each of the seven steps is described below. 
 

B.3.1. Storms & Stormwater Runoff (steps 1 & 2) 
 
Step 1 – Statistical Representation of Number of Storm Events per Year 
 
Number of Storms per Year 
The number of storm events per year was calculated for the 35 complete years in the available 
period of record from 1969 – 2003.  The modeled average number of storm events per year (> 
0.1 inches) was 15.4, with a standard deviation of 6.2.  Figure B-11 illustrates a frequency 
histogram of the number of storm events per year at the Newhall gauge.  The number of storm 
events per year was modeled with a normal distribution. In the simulation, the number of storms 
per year was determined by randomly sampling from the normal distribution and rounding to the 
nearest whole number, using the equation: 

Nstorms = 15.4 + 6.2 RN  
where:  

RN = a standard normal variant with a mean of 0 and a standard deviation of 1. 
 
If the arbitrary number of storms per year was zero or negative, then the normal distribution was 
re-sampled until a positive number was obtained. 
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Figure B-11: Distribution of Storms per Year at the Newhall Gauge 

 
Step 2 – Estimate the Volume of Storm Runoff from a Storm Event. 
The runoff volume from each storm was estimated using the following equation: 

 V=RvPA (5) 
where: 

V  = the stormwater runoff volume (ft3) 

P = the rainfall depth of the storm (ft) 

A = the drainage area (ft2) 

Rv = the mean volumetric runoff coefficient, a unit-less value that is a function of the 
imperviousness of the drainage. 

 
For sub-basins that contain multiple land-use types, the total stormwater runoff volume is 
determined as the sum of runoff from each land-use type: 

 Vwshed = Σlu Vlu = Σlu (Rv lu PAlu) (6) 
where lu designates the land-use type.  It is assumed that rain falls uniformly over all land-uses 
in the sub-basin.   
 
The steps used to calculate the volume of runoff from a randomly selected storm event were: 

Step 2a Obtain a rainfall depth by randomly sampling from the 538 storm events. 
Step 2b For each land-use area calculate a runoff volume using equation (5).  The same 

rainfall depth is applied to each land-use area. 
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Step 2c Sum the runoff volumes from each land-use area to obtain the total runoff from 
the watershed for a particular storm event with equation (6). 

 

B.3.2. Pollutant Loads & Concentrations (step 3 & 4) 
 
Step 3 – Estimate a Pollutant Concentration in Storm Runoff from Each Land Use Area 
Runoff Concentration 
The distribution of land use-based pollutant concentration in storm runoff was developed based 
on the process described in Section B.2.4.3.  For each storm event, stormwater EMCs were 
sampled randomly for each modeled land use and water quality parameter.  The runoff 
concentration from each land-use area was evaluated with the expression: 
 ( )Nxxuseland RC lnlnexp σμ +=−  (7) 

where: 

xlnμ  = the log-normal mean  

xlnσ  = the log-normal standard deviation   

NR  = a standard normal random variable   

 
Step 4 – Calculate the Total Runoff Volume, Pollutant Load, and Pollutant Concentration 
in a Storm Event 

Step 4A - The total runoff volume in the watershed was calculated with equation (6) as 
discussed in Step 2: 
 useilanduselanduselandwshed VVVV −−− +++= K21  (8) 

where the same randomly selected rainfall event was used to calculate runoff volume in each 
of the land-use areas. 
 
Step 4B - The total pollutant load from the watershed was calculated by: 
 useilanduseilanduselanduselandwshed CVCVL −−−− ++= K11  (9) 

where the concentration in each individual land-use area was calculated with equation (7) 
discussed in step 3. 
 
Step 4C - The average pollutant concentration in runoff from the entire watershed from a 
single storm event was calculated by dividing the total watershed load (Step 4B) by the total 
watershed runoff volume (Step 4A): 
 wshedwshedwshed VLC /=  (10) 

 
Model steps up to 4C (Eq 10) were used in the model calculations for catchments with and 
without modeled BMPs.  The resulting values from Equation 9 and Equation 10 represent the 
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end model output for catchments without modeled BMPs and represent intermediate calculations 
for catchments with modeled BMPs 
  
Catchments with treatment BMPs used additional calculations to determine the reduction in 
pollutant load and concentration achieved with treatment BMPs.  The fraction of stormwater 
runoff receiving treatment was calculated for each storm event, using the capture efficiency 
associated with that event, as described in Section B.2.5.    BMP performance was modeled using 
a randomly selected effluent concentration achieved within the BMP for each water quality 
pollutant.   
 

Step 4D - The total pollutant load from watersheds with treatment BMPs was calculated by: 
 ( )[ ] ( )[ ]wshedwshedeffwshedBMPswshed CVCapVRCVCapL ××−+−×××= %%_ 1%1  (11) 

where: 

%Cap  is the volumetric percent capture of the BMP.   

Ceff is the randomly determined effluent concentration from the BMP.  Ceff was 
determined from sampling from the lognormal distribution described by the 
parameters contained in Table B-16. 

VR%  is the percent reduction in effluent volume achieved by the BMP (see Section 
B.2.5.1.3). 

 Vwshed and Cwshed were calculated per Steps 4A and 4C, respectively  

 

Step 4E - The average pollutant concentration in runoff from the entire watershed with 
treatment from a single storm event was calculated by dividing the total watershed load with 
treatment by the total watershed runoff volume less the volume lost in BMPs: 
 BMPswshedBMPswshedBMPswshed VLC ___ /=  (12) 

where:  
( )[ ]%1 %_ VRCapVV wshedBMPswshed ×−×=         (13) 

 
The results of step 4D (Eq 11) and step 4E (Eq. 12) were used to compute model results for 
developed conditions with treatment. 
 
Figure B-12 provides a diagrammatic representation of these water quality calculations.   
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Figure B-12: Diagrammatic representation of water quality calculations. 

 

B.3.3. Annual Pollutant Loads, Concentrations, and Distributions (steps 5, 6, & 7) 
 
Step 5 – Calculate a Total Annual Pollutant Load 
The annual pollutant load is simply the sum of pollutant loads generated from all storms in a 
given year, based on the random selection described in Step 1. Therefore, steps 2-4 were 
repeated Nstorms times (where Nstorms was randomly selected per step 1), recording the total 
pollutant load from each randomly selected storm event.  The individual storm loads were 
summed to obtain the total annual pollutant load. 
 
Step 6 & 7 – Determine Distribution of Storm Concentration and Annual Loads 
Steps 1-5 were repeated a total of 20,000 times, recording the pollutant concentration and annual 
load from each iteration.  The resultant distributions can be used to present a frequency 
distribution for pollutant concentrations or loads using statistics calculated from the 20,000 
Monte-Carlo iterations. 
 

Lpost-BMP = Vpost-BMP x Ceff

 

BMP 

Vcaptured = Vwshed x Cap% 

Vwshed = Σland uses [Rv x P x Aland use] 

Vwshed-BMPs= Vpost-BMP + Vbypass 

Lwshed = Σland uses [Vland use x Cland use]  

Lcaptured = Lwshed x Cap% 
Vbypass = Vwshed x [1-Cap%] 

Lbypass = Lwshed x [1-Cap%] 

Vpost-BMP = Vcaptured x [1-VR%] 
Lwshed-BMPs= Lpost-BMP + Lbypass 

Lwshed-BMPs= [Cap% x Vwshed x Ceff x (1-VR% )] + [(1-Cap%) x Vwshed x Cwshed] 

Cwshed-BMPs= Lwshed-BMPs / [Vwshed x (1- {Cap% x VR% })]

  C = Pollutant Concentration 
  Ceff = Effluent Concentration from BMP 
  CAP% = Percent capture of runoff by BMP 
  VR% = Percent volume reduction / loss  
               (from infiltration and evaporation) 
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B.3.4. Model Methodology Assumptions 
The following five key assumptions are made for the Monte Carlo water quality modeling 
methodology: 

1. The assumed probability distributions of model parameters; 
2. The assumption of independence between model parameters (i.e. no correlation between 

randomly determined variables); 
3. Assigning a Lower Limit to BMP Effluent Concentrations;  
4. Limiting pollutant removals to pollutants with data; and 
5. Modeling structural BMPs to only remove pollutants and not acting as a source. 

 
The implications of each of these assumptions to the water quality projections are discussed 
below.  
 
1) Distribution Assumptions:  Probability distributions are assumed to represent the number of 
storms per year, stormwater pollutant concentrations, and BMP effluent concentrations.  
Observed rainfall data (i.e., storm frequency) and stormwater monitoring data are fit with either a 
normal or lognormal distribution using standard statistical procedures.  The values of storms per 
year, rainfall depth, runoff pollutant concentration, and BMP effluent concentrations used in 
given iteration in the Monte Carlo analysis are governed by the selected distributions. Large 
samples of these estimated variables will approximate the assumed distributions, and will have 
the same mean and variance that was observed in the rainfall and monitoring data.  The 
following describes the distributions for various input parameters.  
 
Storms per Year:  Figure B-11 shows the number of storms per year occurring at the Newhall 
rain gauge (augmented with data from the San Fernando gauge).  The number of storms 
occurring per year at the Newhall gauge appears to lie between the normal and lognormal 
distributions.  The normal distribution was used to determine the number of storms per year 
simulated in the water quality model, as use of the lognormal distribution would overestimate the 
average annual rainfall, as well as its variability, when the distribution of the data is not heavily 
skewed.  As discussed in Section B.2.6, use of rainfall data collected at the Newhall gauge 
already tends to overestimate the average annual rainfall for the Project site.  When using the 
normal distribution to randomly determine the number of storm per year, the resulting average 
annual rainfall output from the water quality model is typically in the range of 17.9 to 18.0 
inches per year.  This is in close agreement with the average annual rainfall from runoff 
producing storms of 17.9 inches determined directly from the rainfall data (see Table B-1).   
 
Stormwater Pollutant Concentrations:  The Shapiro-Wilk Test was used to determine the 
statistical distribution that best represents the raw stormwater runoff monitoring data collected in 
Los Angeles and Ventura Counties.  In most instances the data were found to be log-normally 
distributed at a confidence level of 0.10.  In some instances, the data were not well fit by either 
the normal or lognormal distributions, but were found to be more closely approximated by the 
log-normal distribution.  For data sets with greater than 50 percent non-detects or that were not 
log-normally distributed according to the Shapiro-Wilk test, data were analyzed (ROS and 
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bootstrap) in arithmetic space as to not unreasonably overestimate the standard deviation of the 
data set.  Since stormwater pollutant concentrations, in general, tend to be well approximated by 
the lognormal distribution (Helsel and Hirsh, 2002), the data sets that did not meet the lognormal 
criterion are still believed to belong to a log-normally distributed population, but the number of 
data points is too few to statistically confirm that this is the case.  Therefore, simulations of 
stormwater concentrations in the water quality model were still conducted in lognormal space.  
This assumption is believed to result in a more accurate prediction than would the application of 
the normal distribution. 
 
BMP Effluent Concentrations:  Goodness-of-fit tests conducted on the raw BMP effluent 
monitoring data from the International BMP Database with the Shapiro-Wilk Test either resulted 
in (1) confirmation of the appropriateness of the lognormal distribution for the data; or (2) in the 
instances when the data did not meet the significance criteria of a p value > 0.1, that the data 
were more closely approximated with the lognormal distribution than the normal.  The use of the 
lognormal distribution to represent BMP effluent concentrations results in higher average 
estimates of BMP effluent concentration.  This is believed to be a more accurate estimation of 
BMP performance than use of the normal distribution, and is considered a more conservative 
assumption (leading if anything to higher than anticipated effluent concentrations).   
 
2) Assumption of No Correlation between Model Parameters:  The water quality model 
randomly samples for stormwater pollutant concentrations independent of the storm depth or 
antecedent dry period.  The validity of this assumption is supported by analyses conducted by 
Environmental Defense Sciences (2002) who did not find a strong correlation between rainfall 
volume and event mean concentrations (EMCs) in the LA County data for the education land-use 
site.  Data analyses for the single family residential land use were found to be weakly correlated 
(R2 of 0.6 ± 0.1) for some pollutants with storm depth; however some pollutant showed little 
correlation between these variables.  Where weak correlations were present, stormwater pollutant 
concentrations decreased with storm size.  
 
Correlations between pollutant concentration and antecedent dry period were similarly variable.  
For the single family land use correlations between pollutant concentration and antecedent dry 
period were moderately significant for a few pollutants (R2 of 0.8 ± 0.03), and weak for other 
pollutants.  Correlations between pollutant concentration and antecedent dry period varied 
widely for the educational and multi-family land uses.   
 
The results of these analyses indicated that no consistent level of correlation was determined 
between the stormwater EMCs and the rainfall depth or the antecedent dry period where a 
significant correlation was found to exist; most pollutants and land-uses showed weak 
correlations or no correlation.  On this basis, stormwater pollutant concentrations are sampled 
independent of storm depth and antecedent dry period in the water quality model.   
 
Effluent concentrations are considered more reliable estimator of treatment performance than 
percent removal (Strecker et al. 2001).  BMP effluent concentrations were sampled 
independently of stormwater concentrations (i.e. influent concentration to the BMP) in the water 
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quality model.  As with the pollutant EMCs, independent sampling of effluent concentrations 
preserves the mean and standard deviation in the monitoring data. 
 
3) BMP Performance – Irreducible Pollutant Effluent Concentrations:  When sampling from the 
lognormal distribution to estimate BMP performance with an effluent concentration it is possible 
to select values approaching or equal to zero.  While well functioning BMPs are capable of 
achieving high rates of pollutant removal, it is generally accepted that BMPs cannot completely 
remove pollutants from the water column.  In effect BMPs, at best, can achieve what is called an 
"irreducible pollutant concentration" (Schueler, 1996).  In an effort to prevent overestimating 
BMP performance in the model, lower limits were set for the effluent concentrations of each 
modeled pollutant and BMP.  The lowest observed effluent value in each pollutant data set was 
used as the irreducible pollutant effluent concentration in the water quality model.   
 
4) BMP Performance – Limiting Pollutant Removal Estimates to Available Data:  Table B-17 
presents model parameters for estimating BMP pollutant effluent concentrations.  Pollutant 
removal is only simulated for those pollutants with available data from the International BMP 
Database.  In instances where data is not available for a parameter, no treatment is assumed for 
that parameter.  This does not prevent the model from calculating load reductions of the pollutant 
as a result of hydrologic source control. 
 
5) BMP Performance – BMPs are not a Source of Pollutants:  In instances when the randomly 
determined BMP effluent concentration exceeds the modeled influent concentration, no pollutant 
removal occurs and the effluent concentration is modified to equal the influent concentration.  
This prevents BMPs from acting as a source of pollutants in the water quality modeling.  The 
commitment to regular and effective maintenance of the stormwater BMPs provides support for 
this assumption. 
 
Conclusions:  The above assumptions are expected to improve the accuracy of the water quality 
model estimates.  The net result for the model outputs are somewhat conservative estimates of 
pollutant loads and concentrations due to estimation of model input parameters that are not 
compromised by the model methodology.  
 

B.4. Model Reliability 
Factors that affect model reliability include variability in environmental conditions and model 
error. To account for environmental variability, a statistical modeling approach was used that 
takes into account the observed variability in precipitation from storm to storm and from year to 
year. The model also takes into account the observed variability in water quality from storm to 
storm, and for different types of land uses.  One way to express this variability is the coefficient 
of variation (COV) which is the ratio of the standard deviation of the variable to the mean value. 
Based on the statistical model, the range of COVs for pollutant loads was from 0.5 to 0.8 on an 
average annual basis, depending on the pollutant. This variability, or greater, is expected in 
typical storm water runoff. 
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Model error relates to the ability of the model to properly simulate the processes that affect storm 
water runoff, concentrations, and loads. Ideally model error is measured through calibration, but 
calibration is not feasible when considering a future condition. We are confident that the model 
is a reasonable reflection of storm water processes because the model relies largely on measured 
regional data. For example, the runoff water quality data are obtained from a comprehensive 
monitoring program conducted by LA County that has measured runoff concentrations from a 
variety of land use catchments and for a statistically reliable number of storm events.  In addition 
parameter estimation is fairly conservative resulting in moderately conservative estimates of 
pollutant concentrations and loads. 
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APPENDIX C - NEWHALL RANCH STORMWATER MONITORING DATA 
 
March 6, 2000            

 Hardness Calcium Magnesium Potassium Sodium Alkalinity Sulfate Chloride Nitrate E.Coli TDS 
Newhall Ranch 

Monitoring Station mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L MPN/100 
mL 

mg/L 

            
A-Mouth of Potrero 2360 324 378 30 1360 400 3690 780 16.1 8160 7530 
B-Mouth of San Martinez 1070 229 122 8 392 210 1520 130 2.8 3090 2690 
D-Mouth of Middle Canyon 44 11 4 6 9 30 16 3 12.4 133 160 
E-Top of Chiquito Canyon 61 18 4 8 13 40 37 9 2.6 213 150 
            
            
 Boron Copper Iron Manganese Zinc Aluminum Arsenic Barium Berylium Cadmium Chromium 
 mg/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L 
            
A-Mouth of Potrero 2.6 20 4770 880 50 4570 5 155 0.6 0.4 7 
B-Mouth of San Martinez 0.8 150 51500 4230 300 44000 21 391 7 8.8 47 
D-Mouth of Middle Canyon  10 1290 350 30 2230  136 0.4 0.4 2 
E-Top of Chiquito Canyon  40 11700 970 150 6280 3 210 1.4 1 10 
            
            

 Lead Mercury Nickel Selenium Total 
Coliform 

Fecal 
Coliform 

TSS VS pH   

 ug/L ug/L ug/L ug/L MPN/100ml MPN/100ml mg/L mg/L    
            
A-Mouth of Potrero 8 0.01 22 12 50000 1600 1180 32800 8.2   
B-Mouth of San Martinez 47.7 0.06 180 11 160000 1700 28000 40000 8   
C-1/2 Mile Upstream of 
Onion Field     90000 11000      

D-Mouth of Middle Canyon 7.7 6   >160000 >160000 600 4100 7.5   
E-Top of Chiquito Canyon 19.1  25  2400 2400 3490 9300 7.1   
            
            
SS = suspended solids            
VS = volatile solids            
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March 8, 2000            
 Hardness Calcium Magnesium Potassium Sodium Alkalinity Sulfate Chloride Nitrate E.Coli TDS 

Newhall Ranch 
Monitoring Station mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L MPN/100 

mL 
mg/L 

            
A-Mouth of Potrero 2090 266 347 39 1470 360 3700 960 18.8 6470 7230 
B-Mouth of San Martinez 1340 304 142 10 413 210 1900 120 3.1 2430 2960 
C-1/2 Mile Upstream of 
Onion Field 147 44 9 3 10 80 87 3 1.6 323 190 

D-Mouth of Middle Canyon 73 21 5 6 10 40 17 3 18.1 162 160 
E-Top of Chiquito Canyon 153 43 11 11 18 70 119 12 2.9 420 260 
            
            
 Boron Copper Iron Manganese Zinc Aluminum Arsenic Barium Berylium Cadmium Chromium 
 mg/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L 
            
A-Mouth of Potrero 2.9 10 2460 510 30 1580 5 94.4 0.3 0.2 4 
B-Mouth of San Martinez 0.8 200 47500 5210 360 69700 27 573 20 13.6 70 
C-1/2 Mile Upstream of 
Onion Field  170 44600 6950 330 85100 13 2360 14 2 39 

D-Mouth of Middle Canyon   1510 300 30 2300  132 0.5 0.4 2 
E-Top of Chiquito Canyon  100 30700 2110 300 2360 6 470 4.4 2.7 27 
            
            

 Lead Mercury Nickel Selenium Total 
Coliform 

Fecal 
Coliform 

TSS VS pH TOC Diazinon 

 ug/L ug/L ug/L ug/L MPN/100ml MPN/100ml mg/L mg/L  mg/L ug/L 
            
A-Mouth of Potrero 4.2 0.03 15 12 30000 7000 490 850 8.2 21.2 ND 
B-Mouth of San Martinez 59.2 0.24 330 11 >160000 205 54200 1840 7.8 11.6 ND 
C-1/2 Mile Upstream of 
Onion Field 95.2 0.45 103 4 160000 1600 36000 1460 8.1 9.4 4 

D-Mouth of Middle Canyon 7.6 0.02 6  50000 2400 10700 160 7.9 4 ND 
E-Top of Chiquito Canyon 54.5 0.14 64 2 >160000 160000 9800 750 8 15.5  
            
SS = suspended solids            
VS = volatile solids   
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SUMMARY 

Available data from Southern California watersheds demonstrate that both existing and EPA-
recommended bacteria water quality criteria are routinely exceeded in fresh water creek and river 
flows, often by one or more orders of magnitude.  Exceedances of criteria occur even for flows from 
largely natural, undeveloped watersheds with little human influence.  Even in urbanized watersheds, 
there is strong evidence that the predominant source of indicator bacteria may be natural (not 
anthropogenic) – including, for example, bacteria from wildlife, birds, and regrowth within the 
environment, including sediments.  Both measurement data and numerous literature sources have 
shown that both wet and dry weather bacteria concentrations frequently exceed objectives in creeks 
and rivers, and that bacteria concentrations rise dramatically during wet-weather periods.   

 
Data from Orange County coastal watersheds indicate that although bacteria in storm water 

runoff may be elevated within urban storm drain systems, the level of development within these 
watersheds has little if any effect on the concentrations of indicator bacteria in the receiving waters.  
These results are consistent with data from other watersheds within Orange County and in other 
parts of Southern California.  No clear trend is evident in bacteria concentrations over time, with 
concentrations remaining relatively steady, even in areas where land use characteristics have 
changed over time.  Both the concentrations of bacteria in runoff and the impacts of elevated 
bacteria concentrations on downstream water quality appear to vary by site and with the size of the 
contributing stream, and thus are likely a function of the dominant sources of bacteria, local 
hydrologic conditions and climate, and other site-specific factors.   
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INTRODUCTION 

 Flow Science was retained by The Irvine Company to review available data and information 
on the concentrations of indicator bacteria in storm water and dry weather runoff.  The goals of this 
study were to evaluate variations in the concentrations of bacteria during both wet and dry 
conditions, variations in bacteria levels with the level of development in a watershed or drainage 
area, changes in bacteria levels over time or with changes in development or land use areas, and the 
sources of bacteria in runoff and in receiving waters. 

 
In conducting the analysis, Flow Science utilized water quality criteria and thresholds to 

evaluate available data.  These thresholds were obtained from the Water Quality Control Plan (Basin 
Plan) for the Santa Ana Region, which contains fecal coliform water quality objectives for inland 
surface waters that apply to the beneficial uses of water contact recreation (REC-1)1 and non-water 
contact recreation (REC-2)2, from proposed EPA water quality criteria, and from Title 17 “beach 
posting” thresholds.  These thresholds are discussed in greater detail below.   

 
Flow Science evaluated data on bacteria concentrations in Southern California.  Data were 

available for watersheds along the Newport Coast, for inland watersheds, and from Los Angeles 
County.  In addition, Flow Science reviewed literature and studies conducted by others. 

 

BACKGROUND: BACTERIA WATER QUALITY STANDARDS 

The Basin Plan bacteria objectives currently contained in the Santa Ana Basin Plan were 
originally developed by the National Technical Advisory Committee (NTAC) to the Federal Water 
Pollution Control Administration in 1968.3  These recommendations were based upon prospective 

                                                 
1 See Basin Plan at p. 4-6:  “REC-1  Fecal coliform: log mean less than 200 organisms/100 mL based on five or more 
samples/30 day period, and not more than 10% of the samples exceed 400 organisms/100 mL for any 30-day 
period.” 
 
2 See Basin Plan at p. 4-6:  “REC-2  Fecal coliform:  average less than 2000 organisms/100 mL and not more than 
10% of samples exceed 4000 organisms/100 mL for any 30-day period.” 
 
3 See Water Quality Criteria, a Report of the National Technical Advisory Committee to the Secretary of the 
Interior, Federal Water Pollution Control Administration:  Washington, D.C., April 1, 1968, at p. 8 and p. 12: 
 
“Surface waters should be suitable for use in “secondary contact” recreation – activities not involving significant 
risks of ingestion – without reference to official designation of recreation as a water use.  For this purpose, in 
addition to aesthetic criteria, surface waters should be maintained in a condition to minimize potential health hazards 
by utilizing fecal coliform criteria.  In the absence of local epidemiological experience, the Subcommittee 
recommends an average not exceeding 2,000 fecal coliforms per 100 ml and a maximum of 4,000 per 100 ml, except 
in specified mixing zones adjacent to outfalls.” 
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epidemiological studies conducted by the United States Public Health Service in 1948, 1949, and 
1950.  These studies found an “epidemiologically detectable health effect” at levels of 2300 to 2400 
coliforms per 100 ml at bathing beaches on Lake Michigan (at Chicago) and in the Ohio River.  
Later work conducted in the mid-1960s showed that approximately 18% of the coliforms present in 
the mid-1960s at the Ohio location belonged to the fecal coliform subgroup.  The recreational 
contact water quality criteria suggested by the committee were based upon the fraction of coliforms 
present as fecal coliforms and a factor of safety of two. 
 
 The fecal coliform standards recommended in 1968 were adopted by many states and 
municipalities and remain in use in many locations (including in the Santa Ana Region).  Several 
studies conducted since 1968 have questioned these criteria and recommended use of alternatives.4  
As early as 1972, a Committee formed by the National Academy of Science-National Academy of 
Engineers noted the deficiencies in the study design and data used to establish the recreational fecal 
coliform criteria, and stated that it could not recommend a recreational water quality criterion 
because of a paucity of valid epidemiological data (Committee on Water Quality Criteria, 1972). 
  
 In response to these concerns, EPA in 1972 initiated studies at marine and freshwater bathing 
beaches that were designed to correct the deficiencies in the earlier studies and analyses.  These 
studies were conducted at sites contaminated either with pollution from multiple point sources 
(usually treated effluents that had been disinfected) or by effluents discharged from single point 
sources.  The studies examined three bacterial indicators of fecal pollution (E. coli, enterococci, and 
fecal coliforms) and found that fecal coliform densities showed “little or no correlation” to 
gastrointestinal illness rates in swimmers.  In contrast, a good correlation was found between 
swimming-associated gastrointestinal symptoms and either E. coli or enterococci in swimming 
waters (Dufour, 1984).  Based on these studies, EPA in 1986 proposed section 304(a) criteria for full 
body contact recreation based upon E. coli and/or enterococci but noted that “it is not until their 
adoption as part of the State water quality standards that the criteria become regulatory” (USEPA, 
1986). 
 
 EPA’s current recommendations for bacteria water quality objectives (USEPA, 2003) include 
the use of E. coli and/or enterococci as the basis for water quality criteria to protect fresh 
recreational waters and the use of enterococci as the basis for marine water quality criteria.  The 
EPA recommends that the use of fecal coliform be discontinued for both freshwater and marine 

                                                                                                                                                             
 
“Fecal coliforms should be used as the indicator organism for evaluating the microbiological suitability of recreation 
waters.  As determined by multiple-tube fermentation or membrane filter procedures and based on a minimum of not 
less than five samples taken over not more than a 30-day period, the fecal coliform content of primary contact 
recreation waters shall not exceed a log mean of 200/100 ml, nor shall more than 10 percent of total samples during 
any 30-day period exceed 400/100 ml.” 
 
4 For a summary of these studies, see the discussion provided on pages 1-3 of the Ambient Water Quality Criteria for 
Bacteria – 1986, USEPA 440/5-84-001, January 1986. 
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waters.  EPA’s recommendations recognize that bacteria concentrations are quite variable and are 
best characterized in terms of a probability distribution.  Because bacteria concentrations tend to 
follow log-normal distributions, EPA’s current recommendations specify that compliance should be 
based upon geometric means computed with data collected over a long-term (e.g., 30 days, or 
seasonally) and “upper percentile values,” clarifying that compliance should not be determined using 
“single sample maximum” values.  Upper percentile values are calculated bacteria densities that are 
intended to correspond to a known geometric mean-based risk level, and are intended to be used to 
interpret any single measurement.  EPA recommends that states acquire enough sample data to 
calculate site-specific upper percentile values to characterize water quality for waters where 
exposure is greatest (e.g., bathing beaches).  EPA’s recommended water quality criteria for 
freshwater and marine waters are presented in Tables 1 and 2. 

 

Table 1.  Water quality criteria for bacteria recommended by EPA for fresh recreational 
waters 

Upper Percentile Value Allowable Density [per 100 ml] Risk levela 
[% of 

swimmers] 

Geometric 
mean 

density [per 
100 ml] 

75th 
percentile 

82nd 
percentile 

90th 
percentile 

95th 
percentile 

Enterococci criteria 
0.8 33 62 79 107 151 
0.9 42 79 100 137 193 
1.0 54 101 128 175 247 

E. coli criteria 
0.8 126 236 299 409 576 
0.9 161 301 382 523 736 
1.0 206 385 489 668 940 

a) The risk level corresponds to the anticipated excess illness rate.  For example, a risk level of 0.8% is believed to 
correspond to an illness rate of 8 gastrointestinal illnesses per 1,000 swimmers in excess of background illness rates. 
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Table 2.  Water quality criteria for enterococci recommended by EPA for marine 
recreational waters 

Upper Percentile Value Allowable Density [per 100 ml] Risk levela 
[% of 

swimmers] 

Geometric 
mean 

density [per 
100 ml] 

75th 
percentile 

82nd 
percentile 

90th 
percentile 

95th 
percentile 

0.8 4 13 20 35 63 
0.9 5 16 24 42 76 
1.0 6 19 29 50 91 
1.1 8 23 35 61 110 
1.2 9 28 42 73 133 
1.3 11 34 51 89 161 
1.4 14 41 62 107 195 
1.5 17 49 75 130 235 
1.6 20 60 91 157 284 
1.7 24 72 109 189 344 
1.8 29 87 132 229 415 
1.9 35 105 160 276 502 

a) The risk level corresponds to the anticipated excess illness rate.  For example, a risk level of 0.8% is believed to 
correspond to an illness rate of 8 gastrointestinal illnesses per 1,000 swimmers in excess of background illness rates. 
 

The Santa Ana Region currently continues to utilize fecal coliform bacteria to assess water 
quality applicable to recreational beneficial uses.  However, the Santa Ana Regional Board is 
currently conducting a triennial review of its Basin Plan, and is including an evaluation of 
recreational beneficial use designations and water quality objectives as part of the Basin Plan update 
process.  We currently anticipate that the Santa Ana Regional Board will likely update fresh water 
bacteria water quality objectives; updated objectives may be consistent with the recommendations 
contained in EPA’s November 2003 Implementation Guidance (see Tables 1 and 2). 
 

ADDITIONAL GUIDELINES FOR BACTERIA 

 Although not enforceable as water quality objectives, Orange County beaches and bays are 
“posted” and access may be restricted when exceedances of certain bacteria levels are observed.  
The “posting” levels are described in Title 17 of the California Code of Regulations, Section 7958 
(Bacteriological Standards):  
 
 The minimum protective bacteriological standards for waters adjacent to public beaches 
and public water-contact sports areas shall be as follows: 
 
(1) Based on a single sample, the density of bacteria in water from each sampling station at a 
public beach or public water contact sports area shall not exceed:  
 (A) 1,000 total coliform bacteria per 100 milliliters, if the ratio of fecal/total coliform  
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  bacteria exceeds 0.1; or 
 (B) 10,000 total coliform bacteria per 100 milliliters; or 
 (C) 400 fecal coliform bacteria per 100 milliliters; or 
 (D) 104 enterococcus bacteria per 100 milliliters.  
 
(2) Based on the mean of the logarithms of the results of at least five weekly samples during any 
30-day sampling period, the density of bacteria in water from any sampling station at a public 
beach or public water contact sports area, shall not exceed:  
 (A)  1,000 total coliform bacteria per 100 milliliters; or  
 (B)  200 fecal coliform bacteria per 100 milliliters; or 
 (C)  35 enterococcus bacteria per 100 milliliters. 

 

COMPARISON LEVELS USED IN THIS REPORT 

 Flow Science used the following numeric values in analyzing available bacteria data: 

Fecal Coliform (from existing Santa Ana Basin Plan water quality standards and Title 17 beach 
“posting” requirements): 

• Single Sample: 400 MPN (or CFU)/100mL5.   
• Geometric Mean: 200 MPN (or CFU)/100mL.   

 
Enterococci (from EPA-recommended criteria): 

• Single Sample: 247 MPN (or CFU)/100mL.   
• Geometric Mean: 54 MPN (or CFU)/100mL.   

 
Total Coliform (from Title 17 beach “posting” requirements): 

• Single Sample: 10,000 MPN (or CFU)/100mL. 
• Geometric mean: 1,000 MPN (or CFU)/100mL. 

 
 Enterococci criteria used by Flow Science in this report correspond to a proposed 1.0% 
acceptable risk level, 95th percentile, while fecal and total coliform criteria correspond to beach 
posting levels.  Of course, the beach “posting” requirements apply at the beach, not in upstream 
freshwater flows, but the numeric values provide a useful threshold value against which data can be 
compared.   

                                                 
5 Basin Plan specifies no more than 10% of single samples to exceed this value 
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MONITORING DATA AND RESULTS 

Flow Science examined data on bacteria concentrations from a variety of sources in the 
Santa Ana Region, including streams in coastal watersheds, the Santa Ana River, and inland 
streams.  Data sources included: 

 
• Bacteria concentrations in stream flows from Orange County coastal watersheds 
• Bacteria concentrations in freshwater bodies in the Santa Ana region 
• Bacteria concentration in runoff samples collected by the Los Angeles County 

Department of Public Works 
 
Data from each of these sources are examined in greater detail below. 

 
 

Review of Data from Orange County Coastal Watersheds 

Flow Science has reviewed data from Orange County samples collected between 1986 
through 2004.6  Figures for Orange County coastal watersheds are shown in Appendix A; watersheds 
and data collection locations are shown in Figures A1- 2.  Figures A3, A4, and A5 present long-term 
geometric mean concentrations, calculated as the geometric mean concentration of all available 
samples (including both wet and dry weather samples) for the period of record, of enterococci, fecal 
coliforms, and total coliforms, respectively.  As shown in Figure A3, long-term geometric mean 
concentrations of enterococci exceed EPA’s proposed freshwater enterococci water quality criteria 
in all the coastal creeks for which data were available.  Similarly, long-term geometric mean 
concentrations of fecal coliform in most Newport Coast creeks exceed existing Santa Ana Basin 
Plan REC-1 fecal coliform water quality criteria.  Figures A6, A7, and A8 present long-term 
geometric mean concentrations of enterococci, fecal coliform, and total coliforms plotted against the 
percent of development within each watershed.  There is no apparent correlation for any of the three 
indicator bacteria presented in these figures with amount of the watershed that has been developed.  
Note that Figures A6 through A8 utilize the current (2005) level of development for each 
watershed.7  

 

                                                 
6 Data were obtained from http://www.ocbeachinfo.com/downloads/data/index.htm on February 11 and March 22, 
2005.  For enterococci, data were available from March 30, 1999, through December 21, 2004.  For fecal coliform 
and total coliform, data were available from January 7, 1986, through December 21, 2004.  No data were available 
for E. coli. 
 
7 The area of watershed that was developed was initially established by PBS&J in 1999 (PBS&J, 1999).  These 
values have been subsequently updated based on information received from The Irvine Company in 2005.  Two 
watersheds experienced significant development between 1999 and 2005:  the Crystal Cove Creek watershed 
increased from ~5% to ~70% developed, and the Muddy Creek watershed increased from ~1% to ~60% developed.  
The level of development within the other coastal watersheds remained approximately constant. 
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To facilitate analysis, individual samples were segregated as follows: wet-weather8, summer 
dry-weather9, and winter dry-weather.10  As shown in Figure A9, wet weather samples exceed single 
sample threshold values most frequently, regardless of which indicator bacteria are sampled (72%, 
61%, and 39% of wet-weather enterococci, fecal coliform, and total coliform samples, respectively, 
exceed single sample thresholds).  Summer dry weather samples exceed thresholds less frequently 
than wet-weather samples, and winter-dry weather samples exceed thresholds least frequently.  The 
single sample thresholds used to calculate the percent of samples in exceedance are 247, 400, and 
10,000 MPN/100mL for enterococci, fecal coliform, and total coliform, respectively.    

 
Figures A10 through A53 present the following information for each site:  a) a time-series 

scatter plot of single sample concentrations of enterococci, fecal coliform, and total coliform for the 
wet and dry weather data, b) wet and dry weather cumulative distribution functions for each bacteria, 
and c) the percentage of individual samples that exceed corresponding thresholds in each month.  
From this analysis, the following conclusions may be reached: 

 
1. Lowest geometric mean concentrations of each of the three bacteria (enterococci, 

fecal coliform, and total coliform) occurred at the Pelican Hill Waterfall station 
(watershed 95% developed, primarily golf course), and highest geometric mean 
concentrations of each bacteria occurred at the Emerald Bay Drain station (watershed 
3% developed).  In the Muddy Creek watershed, which experienced substantial 
development between 1999 and 2005 (see footnote 7), enterococci concentrations 
appear to have decreased as the watershed became more developed.  Trends were 
less evident for fecal and total coliform levels.  Similar patterns emerged in data from 
the Crystal Cove Creek watershed, the other watershed that experienced significant 
development between 1999 and 2005.  Enterococci and fecal coliform concentrations 
appear to have decreased, while any trends in the total coliform record are unclear.  
These results indicate that bacteria concentrations in creeks may decline as the level 
of development increases, and bacteria concentrations in runoff from developed 
watersheds may be lower than runoff from creeks in less developed coastal areas. 

 
2. No relationship was found between the percentage of the watershed developed and 

the long-term geometric mean bacteria concentrations (see Figures A6, A7 and A8).  
 

3. The time series plots indicate that concentrations of indicator bacteria are not 
increasing over time.  By visual inspection, bacteria concentrations may be 

                                                 
8 “Wet-weather” samples are those samples that were collected within two days of a rainfall event greater than or 
equal to 0.1 inches as measured by the Newport Beach Harbor Station. 
 
9 “Summer dry-weather” samples are defined as samples collected from April-November, but not within two days of 
rainfall greater than or equal to 0.1 inches as measured by the Newport Beach Harbor Station. 
 
10 “Winter dry-weather” samples are defined as samples collected from December-March, but not within two days of 
rainfall greater than or equal to 0.1 inches as measured by the Newport Beach Harbor Station. 
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decreasing over the data record in five catchments (Pelican Point Creek, Muddy 
Creek, Emerald Bay Drain, El Morro Creek upstream station, and Crystal Cove 
Creek).  At the remaining six stations, no apparent long-term trend in bacteria 
concentration is observed.  Very little if any correlation is evident between long-term 
trends and percentage of watershed developed, as the apparent slight decrease in 
bacteria concentrations was observed in watersheds that range from 1-95% 
developed. 

 
4. Although Figure A9 shows that taken as a whole, wet-weather samples have higher 

concentrations than dry-weather samples, data from some locations show the 
opposite trend.  At Pelican Point Creek (95% developed), dry weather concentrations 
for enterococci and fecal coliform are higher than wet weather concentrations.  At 
the Emerald Bay Drain (3% developed), fecal and total coliform dry weather 
concentrations are significantly greater than wet weather concentrations.  At El 
Morro Creek (1% developed), Broadway Creek (25% developed), and Crystal Cove 
Creek upstream station (70% developed) there is no significant difference (by visual 
inspection of Figures A34-36, A50-52, and A38-40, respectively) between wet and 
dry weather bacteria concentration distributions. 

 
5. The general observation that winter dry-weather samples on average contain fewer 

bacteria than summer dry-weather samples is evident in many of the scatter plots.  
Figures A10, A34, A38, A42, and A46 (presenting data from Pelican Point Creek, El 
Morro Creek, Crystal Cove Creek upstream, Crystal Cove Creek, and Buck Gully) 
illustrate this behavior most clearly. 

 
These results are consistent with the results from an earlier study (PBS&J, 1999) in which 

long-term geometric mean concentrations of bacteriological data from November 1996-October 
1999 were evaluated. 

 
Bacteria Concentrations in Inland Waters in the Santa Ana Region 

 As part of the activities conducted by the Stormwater Quality Standards Task Force, CDM 
has compiled bacteriological data from several agencies within the Santa Ana Region (CDM, 2005). 
 The CDM study included data collected and compiled by Orange County, the Regional Water 
Quality Control Board (Region 8), the Santa Ana Watershed Project Authority, the County of San 
Bernardino, the County of Riverside, the United States Environmental Protection Agency (EPA), the 
United States Geological Survey, and Orange County Coastkeeper.  Select figures produced by 
CDM in this study are shown in Appendix B.  CDM performed an overview analysis of all bacteria 
data collected, and reached the following broad-based and general conclusions: 

1. Concentrations of indicator bacteria in samples collected from inland water bodies 
very frequently exceed existing Basin Plan fecal coliform water quality objectives 
and EPA-proposed E. coli criteria.  
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2. Bacteria concentrations in samples obtained from upstream, largely undisturbed 

areas are typically lower than those in samples from downstream areas affected by 
urbanized land uses.  Concentrations in upstream samples are more frequently below 
water quality objectives and proposed criteria than downstream samples.   

 
3. Winter dry-weather samples are more likely to meet objectives than summer dry-

weather samples, consistent with results from the Orange County coastal watersheds. 
  

 
CDM also conducted a detailed analysis of six sites11 for which long-term data records were 

available.  These six sites exhibited varying degrees of urbanization and channel modification.  A 
map showing the locations of these six sites is shown in Appendix B as Figure B1.  Detailed results 
from these stations are reproduced in Appendix B as Figures B2 through B13.  Land use 
distributions for the areas tributary to the study sites are shown in Table 3. 

 

Table 3.  Approximate land use distributions in the watersheds of CDM’s six detailed study 
sites 

Site % 
Vacant 

% 
Residential 

% 
Commercial 

% 
Industrial 

% 
Other 

Chino Cr.a 3.2 61.3 16.7 9.7 9.1 
Santa Ana Delhi 

Channel
0.9 52.4 26.0 9.2 11.5 

Temescal Cr. 67.3 16.2 2.4 3.4 10.7 
Santa Ana R. at 

Imperial Highwayb
- - - - - 

Santa Ana R. at 
MWD Crossingc

- - - - - 

Icehouse Canyon 
Creek

100 0 0 0 0 

a) Chino Creek land use data are for portion of watershed downstream of San Antonio Dam. 
b) CDM concluded that any potential relationship between land use and bacteria concentrations in this reach of the 
Santa Ana River is likely masked by the interception of flows by Prado Dam; consequently, no data land use data 
were available in the CDM report for this site.  
c) CDM did not include land use statistics for this station in its report.  The report states that land use is “diverse…a 
combination of commercial, residential, industrial, and agricultural lands.  The upper part of the watershed includes 
natural undeveloped lands…Residential land is dispersed throughout the contributing area.” 

 

                                                 
11 The six sites examined by CDM include: Chino Creek at Schaeffer Avenue, the Santa Ana Delhi Channel, 
Temescal Creek at Lincoln Avenue, the Santa Ana River at Imperial Highway, the Santa Ana River at the 
Metropolitan Water District crossing, and Icehouse Canyon Creek in the Angeles National Forest. 
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By examining these sites in detail, CDM found the following:  
 

1. In streams where flow rate data are available, high bacteria counts are in many cases 
but not always associated with high flow events (presumably caused by rainfall).  
Bacteria concentrations in samples collected from Chino Creek at Schaeffer Avenue 
(Figure B2) and the Santa Ana Delhi Channel (Figure B3) are frequently elevated 
and do not exhibit any apparent correlation with flow rate in the channel.  In 
Temescal Creek (Figure B4) and the Santa Ana River at the MWD crossing (Figure 
B5), the data are widely scattered and patterns are difficult to detect.  In the Santa 
Ana River at Imperial Highway (Figures B6-7), data show that bacteria levels are 
elevated during high flow events and the levels remain elevated for 1-2 days after the 
high flow has receded. 

 
2. Bacteria concentrations appear to be decreasing over time at three locations (Chino 

Creek at Schaeffer Ave. (data record 2002-2004), Santa Ana River at MWD Crossing 
(data record 1984-2004), and Santa Ana River at Imperial Highway (data record 
1981-2004)).  At the other three locations, no long-term trends are apparent. 

 
3. All sites except Icehouse Canyon Creek have regularly exceeded current or proposed 

water quality objectives.  As mentioned previously, concentrations at the two Santa 
Ana River sites have shown a decreasing trend, and since 1998 most samples have 
been at or below objective levels.  Icehouse Canyon Creek, at elevation 5,100 feet in 
the Angeles National Forest, has only one sample (of 40 total samples; a fecal 
coliform measurement of 9,400 MPN/100mL) in the data record that does not 
comply with existing or anticipated water quality objectives, indicating that runoff 
from remote, undeveloped, forested catchments at higher elevations may have 
significantly lower bacteria levels than runoff from lower elevation watersheds, 
including undeveloped watersheds at lower elevations.  Figures B8-13 show, for each 
of the six sites, the percent of months in which single sample thresholds are exceeded 
when samples are classified as summer dry, winter dry, or wet-weather. 

 
Los Angeles County Monitoring Data 

 Los Angeles County has prepared an Integrated Receiving Water Impacts Report (Los 
Angeles County, 2001), which includes bacteria concentrations measured in runoff collected 
downstream of catchments that exhibited primarily single land use types.  Los Angeles County data 
for indicator bacteria for several major land use types are shown in Table 4 (adapted from Table 4-
12 of the L.A. County report). 

 



 

  12 
 
    

 

Table 4.  Bacteria concentration means, medians and coefficients of variation (C.V.) from Los 
Angeles County Land Use Sites 

 Total Coliform Fecal Coliform Enterococcus 
Land Use Type Mean Median CVa Mean Median CVa Mean Median CVa 
Commercial 1,140,000 1,250,000 0.71 528,750 90,000 1.35 86,250 40,000 1.18 
Vacant 9,187 2,200 1.25 1,397 500 2.60 679 500 0.98 
High density 
S.F. residential 1,366,667 1,600,000 0.30 933,333 900,000 0.70 610,000 140,000 1.41 

Transportation 692,500 600,000 0.82 328,750 205,000 1.22 32,000 32,000 0.65 
Light industry 454,000 160,000 1.42 338,220 30,000 2.09 98,200 130,000 0.73 

a) “CV” refers to “Coefficient of Variation”, calculated by dividing the standard deviation by the mean. 

 The data shown in Table 4 demonstrate that significantly lower bacteria concentrations were 
observed in runoff from vacant land areas than in other land use types.  These data were collected by 
Los Angeles County in Sawpit Creek, downstream of Monrovia Creek, in the City of Monrovia; this 
catchment is in the San Gabriel Mountains in a very steep, sparsely vegetated area far from the 
ocean.  Low concentrations of indicator bacteria from the Sawpit Creek watershed are consistent 
with low concentrations in samples collected from Icehouse Canyon Creek, both mountainous, high 
elevation watersheds.  These results differ from observations from the Orange County coastal 
watersheds, which indicate no relationship between percentage development in a watershed and 
bacteria concentrations.  The differences are most likely due to differences in catchment 
characteristics, local climate, the numbers and types of wildlife present, or to other factors.  In any 
case, both the mean and median concentrations observed for each Los Angeles County land use type 
exceeded applicable water quality thresholds. 

 Los Angeles County also measured bacteria concentrations in several “mass emission” 
stations.  These stations were sited to capture runoff from major Los Angeles County watersheds 
that generally have heterogeneous land use, with the objective of estimating pollutant loads to the 
ocean and of identifying long-term trends in pollutant concentrations, where possible.  The mass 
emission stations include Malibu Creek (watershed 6% impervious; measurement station near 
Malibu Canyon Road), Ballona Creek (watershed 45% impervious; measurement station between 
Sawtelle Boulevard and Sepulveda Boulevard in Los Angeles), the Los Angeles River (watershed 
35% impervious; measurement station between Willow Street and Wardlow Road in Long Beach), 
and the San Gabriel River (watershed 30% impervious; measurement station below the San Gabriel 
River Parkway in Pico Rivera).   

 In addition to the land use data reported in Table 4, Los Angeles County reached a number of 
conclusions using data collected at these mass emission stations.  The following conclusions are 
cited directly from the Los Angeles County report (2001): 

• The Malibu Creek station appears to have consistently lower [bacteria] counts than other 
mass emission stations. 
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• Every wet weather mass emission bacteria sample taken exceeded the public health criteria 
for indicator bacteria.  All of the dry weather bacteria samples taken for the low flow 
diversion projects exceeded the public health criteria.  Most of the dry weather mass 
emission bacteria samples taken exceeded the public health criteria.  Wet weather flows 
contained bacteria densities at much higher levels (three to four orders of magnitude) than 
dry weather flows. 

 
• Except for 1996-97, densities observed during the first storm of each rainy season were not 

necessarily higher than during consecutive storm events, suggesting that there was no 
consistent "first-flush" effect in these watersheds. Peak densities were observed at different 
times each year. In 1995-96, the peak density at all four mass emission stations and one land 
use station coincided with the peak storm of the season. 

 
• Except for somewhat lower [bacteria] densities at Malibu Creek, there was no seasonal or 

regional consistency in cell densities. There was a very wide range of densities for all 
stations. 

 
 Consistent with data from Orange County coastal watersheds, the Los Angeles County data 
show that samples collected during wet-weather exhibit significantly higher bacteria concentrations 
than samples collected during dry weather. 
 
 

ADDITIONAL DATA ON SOURCES AND CONCENTRATIONS OF BACTERIA IN 
RUNOFF 

 Numerous additional studies and data reports have shown a correlation between elevated 
bacteria concentrations and rainfall events in Southern California.  This correlation is evident in data 
collected from a variety of environments.  For example, elevated concentrations of indicator bacteria 
have been observed during wet weather conditions at Huntington Beach (Boehm et al.,2002; Kim et 
al., 2004; Reeves et al., 2004), and northern Orange County and Santa Cruz County (Dwight et al., 
2004).   
 
 Several studies also indicate that runoff from undeveloped watersheds contains bacteria 
concentrations that exceed relevant water quality standards.  For example, storm water runoff from 
the head of the Rose Creek watershed in the San Diego Region contains levels of indicator bacteria 
well in excess of water quality objectives, even though this area is non-urban, contains no sewer 
lines or lift stations, and is restricted from public access (Schiff and Kinney, 2001).  Moore (2001) 
found that concentrations of indicator bacteria in San Juan Creek sampling stations reflecting rural 
land uses exceeded water quality criteria, and that rainfall events resulted in higher bacteria 
concentrations at both rural and urban sites than dry weather.  (Moore (2001) also found that storm 
drains can be major sources of dry weather bacteria pollution.)   
 
 The level or type of development is not necessarily indicative of bacteria levels in runoff, or 



 

  14 
 
    

 

of the presence of human-derived bacteria.  In Mission Bay, a highly urbanized watershed, extensive 
efforts have been made to eliminate human sources of bacteria by repairing the sanitary sewer 
system and diverting dry weather flows to a local waste water treatment plant.  Source tracking 
studies suggest that human sources contribute a minor fraction of the total fecal inputs to the Bay, 
and yet violations of water quality standards continue to occur (see Colford et al., 2005, and 
references therein).  Pednekar et al. (2005) also found that changes in land use associated with the 
development of agricultural lands12 within watersheds tributary to Newport Bay did not have a 
significant impact on bacteria loads, stating “The storm loading rate of coliform…appears to be 
unaffected by the dramatic shift away from agricultural land-use.” 
 
 A number of studies have indicated that runoff from urban areas may not be the sole or even 
the primary source of elevated bacteria concentrations in receiving waters, but that such elevated 
levels may be caused by non-human sources, such as terrestrial wildlife and birds or even local 
sediments.  Studies conducted at Huntington Beach have indicated that there may be many sources 
of indicator bacteria to the surf zone, including urban runoff, flow from adjacent wetlands, birds, and 
sediments (Grant et al., 2001).  A recent study by Noblet et al. (2004) indicates that birds may be the 
source of high concentrations of indicator bacteria at the mouth of the Santa Ana River and in the 
nearby surf zone, and suggested that local sediments may be the source of fecal steroids, indicating 
the presence of fecal-associated material in the sediments.  Another study by the Los Angeles 
Regional Water Quality Control Board (2004) erected a bird exclusion structure on Cabrillo Beach, 
and found that bacteria levels below the structure were reduced up to 60% compared to levels 
measured outside the structure, while exceedances of water quality standards were reduced by 65% 
below the structure.  The Los Angeles Regional Board also reported that “high bacterial densities 
may be largely from the beach itself.” 
 

Other studies have provided additional evidence that the bacteria found in creeks may result 
from natural, not urban, sources.  Orange County recently studied the efficacy of several best 
management practices (BMPs) for reducing bacteria concentrations in Aliso Creek, Orange County, 
California.  Results of this study have been summarized by GeoSyntec (2005) (attached as Appendix 
C).  The BMPs that were evaluated include 1) a multimedia filtration and UV sterilization system, 
and 2) wetland ponds.  The study, which was conducted during dry weather, found that both BMPs 
greatly reduced concentrations of indicator bacteria13, but that bacteria levels rebounded within a 
short distance downstream of the BMPs.  In the case of the filtration/sterilization, the geometric 
mean concentration of fecal coliform increased from 317 cfu/100mL at the outlet of the BMP to 

                                                 
12 Tributary creeks to Newport Bay studied by Pednekar et al. include the San Diego Creek (SDC) and the Santa Ana 
Delhi Channel (SAD).  The SDC watershed remained between 52-60% developed over the study period.  
Agricultural land-use decreased from 34% to 2%, while commercial land-use increased from 1% to 10%, industrial 
land-use from 2% to 20%, and residential land-use from 11% to 25%.  The SAD watershed remained between 88-
92% developed over the study period.  Agricultural and residential land-use decreased while commercial land-use 
increased from 3% to 15% and industrial land-use increased from 19% to 33%.  
 
13 In comparing influent and effluent, multimedia filtration/UV sterilization resulted in a 99.6% reduction in fecal 
coliform concentration; wetland ponds achieved a 90-99% reduction in fecal coliform concentrations.  
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2575 cfu/100mL in a natural channel at a distance of 35 feet downstream of the BMP.  In the case of 
the wetland ponds, effluent was routed through a pipe approximately 200 feet long to the monitoring 
station, which recorded concentrations approximately two times greater than what could be 
accounted for based on mass-balance calculations.  However, uncertainty in flow measurements, 
data variability, and the fact that ~37% of the flow is not intercepted by the wetlands indicate that 
regrowth is not the only possible explanation for the unexpectedly high bacteria concentrations at the 
pipe outlet.   

 
 The link between bacteria concentrations in rivers and streams and downstream water 
quality, including surf zone water quality, has been examined by a number of authors in addition to 
those cited above.  PBS&J (1999) found that even though Newport coastal creek waters contained 
high concentrations of indicator bacteria, it did not appear that these waters had a significant impact 
on bacteria concentrations in the surf zone.   Ahn et al. (2005) found that while storm water runoff 
from the Santa Ana River may lead to “very poor” surf zone water quality, the impact on the surf 
zone was generally confined to <5 km around the river outlet.  Pednekar et al. (2005) studied 
bacteria concentrations in Newport Bay, California, and found that approximately 70% of the 
variability in the coliform record could be attributed to rainfall, implying that storm water runoff 
from the surrounding watershed is a primary source of coliform in Newport Bay.  A difference in 
scale may account for the different conclusions reached by different studies – the Ahn et al. and 
Pednekar et al. studies found significant impacts on surf zone water quality by examining large 
creeks and rivers, while PBS&J’s conclusion that creek water quality does not significantly affect 
surf zone water quality is based on a study of small to medium sized creeks – and clearly highlights 
the need for site-specific evaluations of bacterial water quality. 

Presumably, the source of bacteria affects its pathogenicity and risk to human health, but data 
on human health risks from non-human source bacteria are scarce.  Some studies (see, e.g., 
Schroeder et al., 2002) call into question whether the presence or concentration of indicator bacteria 
in urban runoff has any relationship with the possible presence of human pathogens.  Schroeder et al. 
sampled paved and grass areas of parks, roofs, residential lawns, ponds, storm drains and similar 
surfaces to characterize the microbial community that may be present in urban water.  Each sample 
was tested for indicator organisms (coliforms, fecal coliforms, E. coli, and enterococci), viruses 
(adenovirus, enterovirus, hepatitis A virus, and rotavirus), bacteria (enterohemorrhagic Escherichia 
coli, enterotoxigenic Escherichia coli, Shigella, Salmonella, and Staphylococcus aureus), and 
protozoa (Giardia lamblia and Cryptosporidium parvum).  The study states found that although 
pathogens can be found in urban drainage, “there does not appear to be a relationship between the 
presence of pathogens and the concentration or presence of indicator organisms.”  Of particular note, 
a recent epidemiological study of health risks due to swimming in Mission Bay (Colford et al., 
2005), where concentrations of  indicator bacteria are believed to be predominantly from non-human 
sources, concluded that the risks of swimming-related illness were uncorrelated with exceedances of 
state water quality thresholds or with levels of indicator bacteria. 

 
In conclusion, the available data from Southern California indicate that bacteria 

concentrations are often elevated in runoff from both urban and undeveloped watersheds, 
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particularly during wet weather conditions.  The level of development appears to have little effect on 
bacteria concentrations in storm flows.  There is no clear trend in bacteria concentrations over time, 
with concentrations remaining relatively steady, even in areas where land use characteristics have 
changed over time.  Available data also indicate that multiple sources may contribute to high 
concentrations of indicator bacteria, including natural sources such as wildlife, birds, and sediments. 
 Regrowth within the environment also occurs, resulting in elevated bacteria concentrations even 
downstream of the point where relatively bacteria-free flows enter natural channels or man-made 
conveyances.  Finally, the impact of high bacteria concentrations on downstream water quality 
appears to vary by location and conditions. 
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APPENDIX A 
 

DATA FROM ORANGE COUNTY COASTAL CREEKS 
 
 
 



 
 
 
 
 

 

Figure A 1: Location of coastal catchments and surf zone areas along the Newport Coast. 

 



 
 
 
 
 

 

Figure A 2: Additional detail on the catchment areas (information collated from the PBS&J report, 1999 and 
updated by The Irvine Company, 2005). 

 

 

Crystal Cove
Watershed Size: 1138 Acres
Percentage Developed: 70%

Muddy Canyon and Creek
Watershed Size: 990 Acres
Percentage Developed: 60%

 



 
 
 
 
 

 

Figure A 3: Long-term geometric mean concentration for enterococci (data from 3/30/99 to 12/21/04).  
Dashed line represents EPA’s suggested 30-day geometric mean water quality criterion for enterococci 
corresponding to a 1.0% risk level. 
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 Figure A 4: Long-term geometric mean fecal coliform concentrations (data from 1/7/86 to 12/21/04).  Dashed 
line corresponds to the current Santa Ana Basin Plan water quality criterion for 30-day log mean (geometric 
mean) fecal coliform concentrations. 
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Figure A 5: Long-term geometric mean concentrations for total coliform (data from 1/7/86 to 12/21/04) 
Creek Total Coliform Data
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Figure A 6: Relationship between % developed and the long-term geometric mean enterococci concentration 
(data from 3/30/99 to 12/21/04).  Dashed line represents EPA’s suggested 30-day geometric mean water 
quality criterion for enterococci corresponding to a 1.0% risk level. 
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Figure A 7: Relationship between % developed and the long-term geometric mean fecal coliform 
concentration (data from 1/7/86 to 12/21/04).  Dashed line corresponds to the current Santa Ana Basin Plan 
water quality criterion for 30-day log mean (geometric mean) fecal coliform concentrations. 
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Figure A 8: Relationship between % developed and the long-term geometric mean total coliform 
concentration (data from 1/7/86 to 12/21/04). 
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Figure A 9: Percent of samples in exceedance of thresholds by weather type (data from 1/7/86 to 12/21/04 for 
total and fecal coliform and from 3/30/1999 to 12/21/04 for enterococci).  “Wet” data are those within two 
days of rainfall totaling 0.1” or greater at Newport Harbor.  “Summer Dry” samples were collected from 
April-November, but not within two days of 0.1” or more of rain.  “Winter Dry” samples were collected from 
December-March, but not within two days of 0.1” or more of rain.  Threshold values against which data were 
compared are 247, 400, and 10,000 MPN/100mL, for enterococci, fecal coliform, and total coliform, 
respectively. 
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Figure A 10: Pelican Point Creek enterococci data and corresponding cumulative frequency distribution 

Pelican Point Creek Enterococci Records, n=287
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Figure A 11: Pelican Point Creek fecal coliform data and corresponding cumulative frequency distribution 

Pelican Point Creek Fecal Coliform Records, n=540
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Figure A 12: Pelican Point Creek total coliform data and corresponding cumulative frequency distribution 

Pelican Point Creek Total Coliform Records, n=381
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Figure A 13: Percentage of samples from Pelican Point Creek which exceed thresholds, by month 

Percent of Samples from Pelican Point Creek which exceed 
Thresholds

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

Ja
n

Fe
b

M
ar A
pr

M
ay Ju
n

Ju
l

A
ug

S
ep O
ct

N
ov

D
ec

Month

%
 E

xc
ee

da
nc

e

Enterococci
Fecal Coliform
Total Coliform

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 

 

Figure A 14: Pelican Hill Waterfall enterococci data and corresponding cumulative frequency distribution 

Pelican Hill Waterfall Enterococci Records, n=289
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Figure A 15: Pelican Hill Waterfall fecal coliform data and corresponding cumulative frequency distribution 

Pelican Hill Waterfall Fecal Coliform Records, n=531
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Figure A 16: Pelican Hill Waterfall total coliform data and corresponding cumulative frequency distribution 

Pelican Hill Waterfall Total Coliform Records, n=382

1

10

100

1,000

10,000

100,000

7/20/95 12/1/96 4/15/98 8/28/99 1/9/01 5/24/02 10/6/03 2/17/05

Date

M
PN

/1
00

m
L

Dry
Wet

 

0%
10%
20%
30%
40%
50%
60%
70%
80%
90%

100%

1 10 100 1,000 10,000 100,000

MPN/100 mL

Pe
rc

en
t o

f s
am

pl
es

 b
el

ow
 v

al
ue

dry 
wet

 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 

 

Figure A 17: Percentage of samples from Pelican Hill Waterfall which exceed thresholds, by month 
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Figure A 18: Muddy Creek enterococci data and corresponding cumulative frequency distribution 

Muddy Creek Enterococci Records, n=276
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Figure A 19: Muddy Creek fecal coliform data and corresponding cumulative frequency distribution 

Muddy Creek Fecal Coliform Records, n=471
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Figure A 20: Muddy Creek total coliform data and corresponding cumulative frequency distribution 

Muddy Creek Total Coliform Records, n=353
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Figure A 21: Percentage of samples from Muddy Creek which exceed thresholds, by month 
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Figure A 22: Pelican Point Middle Creek enterococci data and corresponding cumulative frequency 
distribution 

Pelican Point Middle Creek Enterococci Records, 
n=224
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Figure A 23: Pelican Point Middle Creek fecal coliform data and corresponding cumulative frequency 
distribution 

Pelican Point Middle Creek Fecal Coliform Records, 
n=387

1

10

100

1,000

10,000

100,000

1,000,000

9/23/94 9/22/96 9/22/98 9/21/00 9/21/02 9/20/04

Date

M
PN

/1
00

m
L

Dry
Wet
Fecal Coliform 10% Criteria Limit

 

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

1 10 100 1,000 10,000 100,000

MPN/100 mL

Pe
rc

en
t o

f s
am

pl
es

 b
el

ow
 v

al
ue

dry
wet
Fecal Coliform 10% Criteria Limit

 
 



 
 
 
 
 

 

Figure A 24: Pelican Point Middle Creek total coliform data and corresponding cumulative frequency 
distribution 

Pelican Point Middle Creek Total Coliform Records, 
n=241
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Figure A 25: Percentage of samples from Pelican Point Middle Creek which exceed thresholds, by month 
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Figure A 26: Emerald Bay Drain enterococci data and corresponding cumulative frequency distribution 

Emerald Bay Drain, Enterococci Records, n=94
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Figure A 27: Emerald Bay Drain fecal coliform data and corresponding cumulative frequency distribution 

Emerald Bay Drain Fecal Coliform Records, n=256
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Figure A 28: Emerald Bay Drain total coliform data and corresponding cumulative frequency distribution 

Emerald Bay Drain Total Coliform Records, n=104
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Figure A 29: Percentage of samples from the Emerald Bay Drain which exceed thresholds, by month 
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Figure A 30: El Morro Creek Upstream enterococci data and corresponding cumulative frequency 
distribution 

El Morro Upstream Enterococci Records, n=243
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Figure A 31: El Morro Creek Upstream fecal coliform data and corresponding cumulative frequency 
distribution 

El Morro Upstream Fecal Coliform Records, n=423
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Figure A 32: El Morro Creek Upstream total coliform data and corresponding cumulative frequency 
distribution 

El Morro Upstream Total Coliform Records, n=291
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Figure A 33: Percentage of samples from El Morro Creek Upstream which exceed thresholds, by month 
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Figure A 34: El Morro Creek enterococci data and corresponding cumulative frequency distribution 

El Morro Cr. Enterococci Records, n=290

1

10

100

1,000

10,000

100,000

12/21/98 12/21/99 12/20/00 12/20/01 12/20/02 12/20/03 12/19/04
Date

M
PN

/1
00

m
L

Dry
Wet
Enterococci 1% Risk 95th Percentile

 

0%
10%
20%
30%
40%
50%
60%
70%
80%
90%

100%

1 10 100 1,000 10,000 100,000

MPN/100 mL

Pe
rc

en
t o

f s
am

pl
es

 b
el

ow
 v

al
ue dry

wet
Enterococci 1% Risk 95th Percentile

 
 



 
 
 
 
 

 

 
Figure A 35: El Morro Creek fecal coliform data and corresponding cumulative frequency distribution 

El Morro Creek Fecal Coliform Records, n=849 
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Figure A 36: El Morro Creek total coliform data and corresponding cumulative frequency distribution 

El Morro Cr. Total Coliform Records, n=705
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Figure A 37: Percentage of samples from El Morro Creek which exceed thresholds, by month 
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Figure A 38: Crystal Cove Creek Upstream enterococci data and corresponding cumulative frequency 
distribution 

Crystal Cove Creek Upstream Enterococci Records, 
n=173
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Figure A 39: Crystal Cove Creek Upstream fecal coliform data and corresponding cumulative frequency 
distribution 

Crystal Cove Creek Upstream Fecal Coliform 
Records, n=273

1

10

100

1,000

10,000

100,000

1,000,000

3/7/94 12/1/96 8/28/99 5/24/02 2/17/05

Date

M
PN

/1
00

m
L

Dry
Wet
Fecal Coliform 10% Criteria Limit

 

0%
10%
20%
30%
40%
50%
60%
70%
80%
90%

100%

1 10 100 1,000 10,000 100,000 1,000,000

MPN/100 mL

Pe
rc

en
t o

f s
am

pl
es

 b
el

ow
 v

al
ue

Dry
Wet
Fecal Coliform 10%Criteria Limit

 
 
 



 
 
 
 
 

 

Figure A 40: Crystal Cove Creek Upstream total coliform data and corresponding cumulative frequency 
distribution 

Crystal Cove Creek Upstream Total Coliform 
Records, n=179
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Figure A 41: Percentage of samples from Crystal Cove Creek Upstream which exceed thresholds, by month 
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Figure A 42: Crystal Cove Creek enterococci data and corresponding cumulative frequency distribution 

Crystal Cove Creek Enterococci Records, n=292
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Figure A 43: Crystal Cove Creek fecal coliform data and corresponding cumulative frequency distribution 

Crystal Cove Creek Fecal Coliform Records, n=588
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Figure A 44: Crystal Cove Creek total coliform data and corresponding cumulative frequency distribution 

Crystal Cove Creek Total Coliform Records, 
n=416
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Figure A 45: Percentage of samples from Crystal Cove Creek which exceed thresholds, by month 
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Figure A 46: Buck Gully enterococci data and corresponding cumulative frequency distribution 

Buck Gully Enterococci Records, n=290
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Figure A 47: Buck Gully fecal coliform data and corresponding cumulative frequency distribution 

Buck Gully Fecal Coliform Records, n=553
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Figure A 48: Buck Gully total coliform data and corresponding cumulative frequency distribution 

Buck Gully Total Coliform Record, n=406
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Figure A 49: Percentage of samples from Buck Gully which exceed thresholds, by month 
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Figure A 50: Broadway Creek enterococci data and corresponding cumulative frequency distribution 

Broadway Creek Enterococci Records, n=156
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Figure A 51: Broadway Creek fecal coliform data and corresponding cumulative frequency distribution 

Broadway Creek Fecal Coliform Records, n=572
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Figure A 52: Broadway Creek total coliform data and corresponding cumulative frequency distribution 

Broadway Creek Total Coliform Records, n=468
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Figure A 53: Percentage of samples from Broadway Creek which exceed thresholds, by month 
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APPENDIX B 
 

DATA FROM SANTA ANA REGION 
 

 FIGURES REPRODUCED FROM CDM 2005 
 
 



 
Figure B 1: Santa Ana Watershed and sites selected by CDM for detailed bacteriological analysis (CDM 2005 
Figure 19) 

 

 



 
Figure B 2: Flow rate and bacteria concentration, Chino Creek (CDM 2005 Figure 35) 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
Figure B 3: Flow rate and bacteria concentration, Santa Ana Delhi Channel (CDM 2005 Figure 53) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
Figure B 4: Flow rate and bacteria concentration, Temescal Creek (CDM 2005 Figure 72) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
Figure B 5: Flow rate and bacteria concentration, Santa Ana River at MWD Crossing (CDM 2005 Figures 98 
and 99) 

 

 



 
Figure B 6: Flow rate and bacteria concentration, Santa Ana River at Imperial Highway (CDM 2005 Figure 
83) 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Figure B 7: Flow rate and bacteria concentration, Santa Ana River at Imperial Highway (CDM 2005 Figure s 
84 and 85) 
 

 

 
 



Figure B 8: Percent of months exceeding objectives (CDM 2005 Figure 102) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
Figure B 9: Percent of months exceeding objectives (CDM 2005 Figure 110) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Figure B 10: Percent of months exceeding objectives (CDM 2005 Figure 88) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Figure B 11: Percent of months exceeding objectives (CDM 2005 Figure 74) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Figure B 12: Percent of months exceeding objectives (CDM 2005 Figure 38) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
Figure B 13: Percent of months exceeding objectives (CDM 2005 Figure 57) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX C 
 

DATA FROM ALISO CREEK 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



G E O S Y N T E C  C O N S U L T A N T S   

838 SW First Avenue, Suite 530  (503) 222-9518 
Portland, Oregon  97204  (503) 242-1416 Fax 
 

MEMORANDUM 
 

TO: SUSAN PAULSEN, FLOW SCIENCE 

FROM: BRUCE WILLIAMSON, LISA AUSTIN, GEOSYNTEC CONSULTANTS 

SUBJECT: ALISO CREEK BMP EFFECTIVENESS ANALYSIS 

DATE: APRIL 13, 2005 

CC: PETER MANGARELLA, GEOSYNTEC CONSULTANTS 

 

Introduction 
 
This purpose of this technical memorandum is to assess the efficacy of Best Management 
Practices (BMPs) installed in parts of Aliso Creek, Orange County, California (Figure 1) on the 
removal of pathogen indicators.  Pathogen indicator data collected by Orange County Resources 
and Development Management Department in this watershed and on these BMPs has received 
increasing attention when project design features are evaluated by regulatory authorities.  
Therefore, it is important that we have a good understanding of these findings and their 
uncertainties.    
 
The two BMPs assessed in this memo are:  
 

1. Dry weather flows are passed through multimedia filtration/UV sterilization using a 
proprietary treatment unit ‘Clear Creek Systems’.  This treats low flow runoff from a two 
square mile catchment with mixed urban land use.  The storm drain facility and 
catchment are designated as J01P28 in the watershed map and plans (Figure 1, 2B).   

 
2. Wetland ponds to intercept watershed runoff and treat dry weather flow and first flush.  

These treat low flow and first flush runoff from a two square mile residential catchment.  
The storm drain facility and catchment are designated as J03P02 in the watershed map 
and plans (Figure 1, 2A).   

 
All monitoring of the BMPs and their receiving waters took place during dry weather.  
Consequently, low flows were mostly sampled, but during the wet season a proportion of these 
were probably elevated flows during storm recessions.   
 
The data were collected by the County of Orange and its city partners and is available in  reports 
listed at  http://www.ocwatersheds.com/watersheds/Aliso_reports_studies.asp, and also in 
Evaluation Reports by the County of Orange.1,2  
                                                 
1  County of Orange Resources and Development Management Department, Watershed and Coastal Resources 
Division. ‘Aliso Creek Clean Beaches Initiative.  Final Report for Agreement 01-227-550-0’ submitted to Regional 

1 

http://www.ocwatersheds.com/watersheds/Aliso_reports_studies.asp


 
Note that the Aliso Creek watershed Quarterly Progress Reports (QPR) refer to other BMPs 
installed in stormwater drains of urban watersheds at a number of locations in the Aliso Creek 
watershed.  These include grassy swales for treating park runoff to Sulfur Creek in Laguna 
Niguel and a wetland biofilter in another branch of Sulfur Creek in Laguna Hills   The status of 
the these BMPs is unclear, and no monitoring data for these BMPs were located in the QPR.  
 

Figure 1 

                                                                                                                                                             
and State Boards in January 2005 and ‘Wetland Capture and Treatment Final Report for Agreement No. 01-122-
259-0’ submitted to Regional and State Boards in March 2004. 
2 “Wetland Capture and Treatment Final Report for Agreement No. 01-122-259-0” submitted to Regional and State 
Boards in March 2004.   
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Figure 2A:  Location of J03P02 
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Site Description 
Aliso Creek Watershed 
 
Aliso Creek watershed encompasses 30.4 square miles and includes portions of the cities of 
Aliso Viejo, Dana Point, Laguna Niguel, Laguna Woods, Laguna Beach, and Lake Forest.  Its 
main tributary, Aliso Creek, originates in the Santa Ana Mountains inside the boundaries of the 
Cleveland National Forest.  Smaller tributaries include Wood Canyon, Sulphur Creek, the Aliso 
Hills Channel, and English Channel (Figure 1). 
 
Aliso Creek is the subject of a Directive issued by the San Diego Regional Water Quality 
Control Board (RWQCB) in 2001 for an investigation of urban runoff in the Aliso Creek 
watershed. The Directive found that the Permittees may be discharging waste with high bacteria 
levels from municipal storm drain outfalls into Aliso Creek and its tributaries. The Directive 
required the Permittees to begin a comprehensive monitoring program and undertake 
investigations within the storm drain system to identify the causes of the problem and the control 
actions needed to correct the problem.  This has resulted in a comprehensive study involving 
weekly sampling of  approximately 35 storm drains and their respective receiving waters, and 
numerous other initiatives in identifying sources and source control.   
 
Part of the creek (J03P02) is subject to a Cleanup and Abatement Order (CAO) issued by the 
RWQCB in 1999.  This was the result of a survey which showed that pathogen indicators (PI) in 
the drain were much higher than in Aliso Creek.  Experience gained from the more 
comprehensive monitoring carried out since that time has shown that J03P02 is in the low to 
middle of the range of PI concentrations compared to the rest of the Aliso Creek watershed.   

Sand Filtration/UV Sterilization 
 
The J01P28 Interim Water Quality Improvement Package Plant BMP was executed in response 
to the San Diego RWQCB 13225 Directive to clean up Aliso Creek. 
 
This treatment unit is located near the outlet of the J01P28 subcatchment (Figure 2).  This 
subcatchment is a tributary to the main stem of Aliso Creek.  The storm drain conveys runoff 
water from a fully developed area of approximately two square miles in the city of Aliso Viejo. 
Land uses in the catchment include residential, commercial, light industry, and parks. The BMP 
was installed in July 2003.   
 
The CCS treatment system includes three multi media filters, two organo clay filters and two 
ultraviolet light disinfection chambers.  The package plant treatment system has three main 
phases: 
 

• Sediment and debris removal 
• Oils, pesticides, and trace metals removal 
• Disinfection 
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The larger debris and trash removal is performed at the inlet strainer that is located in an energy 
dissipation basin within the storm drain.  Sediment removal is performed in the basin and in the 
multimedia filter.  Oils, pesticides and trace metals are removed via adsorption onto the organo-
clay media while the ultraviolet light chamber removes bacteria and viruses.  
 
The package plant treatment system filters and disinfects approximately 100,000 gallons per day 
of urban dry weather runoff.  The design capacity is 250,000 gallons per day. By October 2004, a 
total of 1.4 million gallons had been treated.  
 
Monitoring results from the years 2001 through June 2003 were combined to form the “before” 
dataset, while results from August 2003 through December 2004 constituted the “after” dataset.   
 
Once discharged from the unit, the water flows through a ponded area approximately 20 feet 
long, 6 feet wide and 1.5 feet deep, then 30 feet through a natural ditch to Aliso Creek.  A 
monitoring site is located in the natural ditch 15 feet from Aliso Creek. 

Wetlands 
 
Wetlands have been installed near the outlet of subcatchment J03P28, which is a tributary to 
Sulfur Creek, itself a tributary to Aliso Creek (Figure 2A).  The wetlands are positioned at the 
bottom of the catchment and designed to capture 100% of the low flows before they discharge to 
Aliso Creek.  The catchment (538 acres) is entirely residential (1600 households, new to 30 years 
old).  A number of structural BMPs have been implemented from 2000 to the present day.    
 

1. From May 2000 to March 2001, dry weather flows were diverted to the AWMA Regional 
Sewage Treatment Plant.  

  
2. From March 2001 to April 2003 (actually it is not clear when unit stopped operating), dry 

weather flows in the drain were treated by a mobile Clear Creek Systems filtration/UV 
treatment unit.  The flow was diverted to the treatment plant (e.g., 15% of total flow in 
the July-September 2002 quarter) when the filter clogged or the UV malfunctioned.   

 
3. The three wetlands were constructed progressively starting in about March 2001 and 

were completely online from April 20032.   
 
J0302 has been subject to detailed studies because of the CAO.  These include visual (video) 
inspection of sewer and storm drain pipes, field reconnaissance, resident surveys, flow 
monitoring, a wide range of upwatershed sampling and the identification the sources of the 
pathogenic indicator bacteria.  Samples were examined for human enteroviruses, antibiotic 
resistance, and genotypes of E. coli.  The researchers concluded that the primary sources of PI in 
J03P02 are not likely to be human, and are likely to be due to cows (soil fertilizer amendments), 
birds, rabbits, and some unidentified other animals.  In the Aliso Creek QPRs, the Co-Permittees 
indicate that the following sources probably contribute to fecal coliform (FC) in J03P02: 
 

• Organic soil amendments 
• Turfgrass areas 
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• Wildlife 
• Domestic pets 
• Accumulated organic debris in the surface and subsurface storm drain system 
• Street sweeping debris 

 
The wetlands – called East, West and North, were positioned to capture 100% of catchment 
runoff during dry weather and first flush.  Design features are summarized in Table 1.  The 
hydrological network is outlined in Figure 3.   
 
Wetland inflow is taken by intercepting flows in the stormwater pipes, including the 60-inch 
main pipe.  After passing through the wetlands, some of the treated stormwater is routed back 
though the 60-inch pipe to an open channel just before its confluence with Sulfur Creek.  
Effluent from the West Wetland is discharged directly to this open channel, and does not pass 
through the pipe.  Another untreated, unmonitored inflow also discharges to this point (Figure 2).  
 
Table 1:  Wetland design features (reference see footnote 2). 

Wetland 

Total 
Catchment 

Area (acres) 

Planned 
intercepted 
area (acres) 

Wetland Area 
(acres) 

Depth 
(ft) 

East 374 37 0.3 1 
West 342 312 0.69 0.5 
North 122 122 0.3 1 

 

Sampling Procedures 
 
All sampling was conducted during “dry weather,” which is defined as no rain on the day of 
sampling.  Sampling was conducted under strict protocols (see Aliso Creek 8th Quarterly 
Progress Report). Quality Assurance/Quality Control (QA/QC) sampling procedures were 
implemented that should have prevented contamination during sampling and significant changes 
to the sample during transport to the laboratory.   
 
Directive Monitoring:  Each location has three monitoring sites:  two of these are on the main 
stem, 25 feet upstream and downstream of the storm drain discharge, the other is on the storm 
drain itself, approximately 15 feet above its confluence with the stream.  These three sites were 
monitored weekly, so that at least five samples were collected each month, at random intervals.  
Some of these monitoring sites are shown in Figure 1. 
 
BMP Monitoring: In addition to the directive sampling program, the influent and effluent to the 
BMPs were monitored.   
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Figure 2.  Source: Wetland Capture and Treatment Final Report (2004)2.  Note: untreated 

Surface Flow from North Wetland should probably be 0.0304 cfs. 



 

Summary of Monitoring Results  

J01P28 - Multimedia Filtration/UV Digestion 
 
Influent/effluent.  Comparison of the influent and effluent concentrations demonstrates a 99.6% 
reduction in fecal coliform levels.  The geometric mean decreases from 77,414 CFU/100mL to 
317 CFU/100mL. 
 
Stream and drain monitoring.  A statistical analysis of the levels in the receiving water (the 
“directive” dataset) is summarized in Table 2 and as box plots in Figure 3-4.   These refer to all 
data collected before BMP installation.  The County monitoring reports summarize data for 
quarterly monitoring periods.  In the QPR, quarterly monitoring data are compared between 
years to reduce variance from seasonality, and constitute a more powerful assessment of the data.  
However, for our purposes here, the lumped data is sufficient to demonstrate their findings.   
 
Table 2:  Comparison of geometric means (cfu/100 ml) before and after multimedia 
filtration/UV sterilization. The BMP is installed about 35 feet upstream of the storm drain 
monitoring site.  
   
Locations TC FC ENT 
 before after before after before after 
u/s 5353 2851 775 773 990 662 
storm drain 52267 15232* 14633 5827* 9171 1401* 
d/s 17248 5142* 2722 1696* 1791 839* 
* = significant change (1-way ANOVA, α<0.05) 
 
Regrowth.  Comparison of effluent and the ‘directive’ storm drain monitoring site, show a large 
increase in FC levels in the approximately 35 feet between the unit discharge and the storm drain 
monitoring site.  No other discharges were found, which suggest that rapid re-growth has taken 
place in the water column, or re-infection has occurred from sloughing or resuspension of 
bacteria from immersed channel-side vegetation, organic debris and/or sediments.   The 
geometric mean increases in this short distance from 317 cfu/100mL to 2,575 cfu/100mL. 
 
Further work is planned by the County on the re-growth issue.  Permits have been requested to 
perform clean up work on the habitat and the storm drain outlet basin.  
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Figure 3:  FC levels for J01P28 monitoring site. 
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Figure 4:  ENT levels for J01P28 monitoring site. 
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Enterococci Before and After BMP Implementation

0

10000

20000

30000

40000

 Upstream - Before  Upstream - After Storm Drain - Before Storm Drain - After Downstream - Before Downstream - After

E
NT

/1
00

m
L

 
 
 
 
 
 

9 



 

Figure 4 (continued) 
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J03P02 – Wetland BMPs 
 
Influent/effluent.  All monitoring took place during dry weather.  Flows were measured, but 
only once per month and not for each sampling occasion.  Most sampling took place at lows 
flows.  The flow was typically 0.25 cfs with a range of 0.13-0.56 cfs.   
 
Wetland monitoring in the three wetlands showed 90 to 99 percent reduction in FC levels from 
2001 to present day (e.g. see Table 3).  (Note that the three wetlands were installed and 
monitored progressively – results from 2001 were from one wetland only).  Overall, 90 percent 
of treated effluent samples met the REC-1 objectives for FC. Although enterococci (ENT) levels 
dropped by 60 to 99 percent in wetlands, wetland effluent did not meet the steady state objective 
of 33 cfu/100ml during the period of monitoring (2001-2004).  Few individual wetland samples 
met the single-sample objective.   
 
Table 3:  East Wetland fecal coliform (cfu/100mL) removal March 2001 – August 2002. 
 
Parameter Inflow Outflow Removal 
Median 5000 50 99% 
Mean 14900 150 99% 
Geometric mean 2,800 35 99% 
 
Overall there has been a progressive decline in FC and ENT since the wetlands have 
progressively come on line. 
 
As well as the wetland monitoring, the effluent from the mobile UV sterilization unit was 
monitored when it was installed (between March 2001 to April 2003).  The influent was not 
monitored directly. A cursory scan of the results suggests that the treatment unit effluent quality 
met REC-1 requirements on most months, but failed at times, which was attributed to the sand 
filter clogging.    
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Stream and drain monitoring.  No “before BMP implementation” could be found because the 
‘directive’ monitoring period encompassed either diversion to the sewage treatment plant, UV 
sterilization and/or wetland treatment.  (However, some data is available somewhere, because it 
led to the CAO).   
 
The dry weather discharge from the storm drain had little or no effect on the FC levels in Sulfur 
Creek.  The flow from J03P02 is about 10 percent of the flow in Sulfur Creek. 
 
The bacterial quality of the J03P02 storm drain discharge has steadily improved over the 
monitoring period.  However, the improvement is quite complex, as described in the following 
section.  
 
Re-growth.  There is evidence that re-growth occurs between the wetlands and the storm drain 
monitoring sites.  The concentrations in the open channel at the end of the pipe are about twice 
what is expected based on mass flow considerations.  
 
However, there are some ambiguities in the various Quarterly Reports about the nature of the 
connection between the catchments, wetlands, and the J03P02 monitoring site3.  This has been 
resolved in the detailed report on the BMP project for J03P022.  Measurements show that a high 
proportion of the flow is not intercepted (about 37 percent).  Figure 2 also shows that the largest 
wetland (‘West’) bypasses and discharges downstream from the pipe.   
 
Therefore, the apparent re-growth phenomenon could be wholly or partly due to the 
“recontamination” by the un-intercepted flows from the catchment.  The project investigated this 
by carrying out a mass balance calculation.  Unfortunately the report does not give any details on 
the calculations, but states that concentrations at the end of the pipe after discharge are about 
twice what is expected based on these mass flow considerations.   
 
GeoSyntec confirmed that there was about this order of magnitude difference between observed 
and calculated mass flows using flows given in Figure 2 and using appropriate median FC 
numbers for the summer 2003 monitoring period.   However, the proposition of re-growth, while 
plausible, is uncertain because:  
 

• There is a significant input of untreated surface and subsurface flows into and at the end 
of the J03P02 pipe 

• Most flows were estimated and not measured 
• Many of the FC and ENT concentrations used in the mass flow calculations were not 

measured and assumed values were taken from the monthly monitoring data. 
• There is a high degree of variability in monitored FC and ENT       

 
The rates of this apparent re-growth appear to be seasonal and variable.  As described above, 
usually observed levels at the J03P02 monitoring site are higher than the combined flows from 
the wetland.  Fecal coliform and enterococci increase by about 100 percent in-pipe during spring, 
summer, and fall.  However, this apparent re-growth does not occur during winter months and 
                                                 
3 Most comments imply a 200 foot pipe, but 14th QPR refer to pipe outlet and 200 feet overland distance. 
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sometimes die-off can be observed.  For example, the winter FC levels in 2004 were 1/8th of 
those predicted from the combined treated and untreated contributions, while ENT levels are 
about the same as predicted levels. The report suggests that die-off and re-growth (or re-
contamination) of ENT and FC may be temperature and salinity dependent.  
 
The overall findings of the BMP study to this particular watershed is that as the BMPs came on 
line, there was a steady improvement in the quality of the J03P02 discharge to Sulfur Creek 
during some seasons4.  Results from monitoring the drain downstream of the BMPs show: 
 

• Spring (Apr-Jun) geomeans for FC fell from 2001-2003.  The 2004 geomean was similar 
to that for 2003. 

• Summer (Jul-Sep) geomeans for FC have not fallen with statistical significance 
• Winter (Jan-Mar) geomeans for FC fell from 2002 – 2004.    

 

Discussion and Conclusions 
 
Filtration coupled with UV sterilization reduced indicator bacteria to below the REC-1 standard.  
This was demonstrated at both sites.  However, the benefits are compromised by what appears to 
be re-growth.  At J01P28, the re-growth/re-inoculation occurred in a natural steam reach 
consisting of a pool and run, which was shaded with riparian vegetation dangling in the stream.   
It occurred within only 35 feet of the discharge point from the treatment unit. 
 
Wetlands reduced fecal coliform (FC) levels by 90 to 99 percent to below the REC-1 guideline 
for 90 percent of the samples.  They also reduced enterococci (ENT) levels by 60 to 99 percent, 
but the effluent from the three wetlands always exceeded the steady-state ENT objective, and 
usually exceeded the single sample objective.  As with J01P28, the benefits of wetland treatment 
were compromised by the low-flow capture rate and what appears to be re-growth or re-
contamination after discharge from the BMPs.  Concentrations of FC and ENT increase between 
the wetland effluent and the J03P02 monitoring site 15 feet from its confluence with Sulfur 
Creek.  The summary report proposed that most of the re-growth/re-inoculation occurred within 
a 200-foot pipe carrying wetland effluent to the confluence with Sulfur Creek.2 
 
The study report proposed that re-growth was plausible because there was opportunity and time 
for re-growth to occur.  The combined effluent from the East and North wetland is conveyed to 
Sulfur Creek through the pipe, which has a transit time during low flow of 15 minutes.  As stated 
in the Wetland Capture and Treatment Final Report 20042  “Given ….. the microbiologists ‘rule 
of thumb’ that bacterial populations can double every 15 minutes under ideal conditions, rapid 
in-pipe propagation of FC and ENT in the dark pipe may be the main factor, or may be combined 
with recontamination from bioslimes or muck deposits” (Clean-Up & Abatement Order 99-211 
17th QPR).  Another possible reason is that the structures which divert low flow from the 
stormwater pipes to the wetland also trap and retain organic debris, which may act as substrates 

                                                 
4 This is somewhat surprising given that the drain water was treated by multimedia filtration/UV disinfection or 
diverted to the sewer system while the wetlands were constructed.   
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for re-growth.  However, re-contamination by unmonitored inflows may also be partly or wholly 
responsible for the observed increase between the BMPs and the confluence. 
 
The results suggest that the benefits of BMPs may be compromised by re-growth, which 
occurred in both the natural channel and pipe downstream of the monitored BMPs.  The various 
investigators have concluded that treatment systems would need to be positioned at the bottom of 
the watershed directly before discharge to the receiving water body – mainly to prevent regrowth 
during warm weather conditions.1  Another important general conclusion in the study (see City 
of Laguna 6th QPR Aliso Creek 13225 Directive) states ‘that “primary” bacteria concentrations 
(from direct deposits of bird droppings, for example) in runoff can be magnified by the 
“secondary” propagation of bacteria populations within the environment, so that controlling 
propagation may ultimately become as important as source reduction in reducing overall outfall 
concentrations.  The research results also suggest that the presumption of a statistically valid 
relationship between certain concentrations of fecal coliform and an acceptable vs. unacceptable 
magnitude of public health risk (which is the basis for the REC-1 and REC-2 objectives) may be 
seriously flawed.’ 
 
The proposition that re-growth occurs after treatment has wide ranging implications for 
stormwater management.  Given the uncertainties outlined above as to whether re-growth occurs 
after wetland treatment, the County study results should be confirmed by more detailed studies 
and sampling, such as: 
 

• more frequent sampling of concentrations taking into account time of travel  
• stormwater runoff monitoring (not just dry weather flows) 
• measurement of flows where possible. 

 
It is unknown whether the re-growth phenomenon apparent at the Aliso Creek sites would result 
in much higher concentrations over longer distances, but such an experiment cannot be 
conducted at the County-selected sites.   
 
Finally, it is re-emphasized that monitoring was only conducted during dry weather conditions – 
mostly low flow and do not reflect storm runoff conditions, except for possibly occasionally 
during the storm regression phase. The impact of storm runoff on the treatment efficacy of the 
BMPs tested at Aliso Creek is unknown. Likewise, it is unknown what impact high flow may be 
on the mechanisms that lead to re-growth or re-inoculation; such flows may deliver organic 
debris and sediments and also slough off slimes and accumulations of organic detritus.    
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1.   INTRODUCTION 

1.1 Background and purpose 

The Newhall Ranch Specific Plan projects will urbanize a portion of the Santa Clarita Valley in 

Los Angeles County during the coming decades.  The project is an extension of prior 

community growth, which commenced in earnest during the 1960s, in accordance with the 

adopted General Plan and adopted growth projections.  Concern has been expressed that future 

urbanization may result in changes in the Santa Clara River, a stream of regional scale draining 

westward from northern Los Angeles County through Ventura County, flowing into the Pacific 

Ocean near Oxnard.  Prior analysis by Geosyntec Consultants (2005) indicates that cumulative 

future urbanization in the upper watershed of the Santa Clara River, of which Newhall ranch 

will contribute a portion, will reach approximately 9 percent at “built-out” conditions.  A 

survey of the literature (reviewed in GeoSyntec, 2002) shows that many western-state streams 

begin to exhibit effects when impervious areas exceed a threshold of about 10 percent, with 

some considerable site-by-site variability.  Additional studies by GeoSyntec in the San Francisco 

Bay area (2004) and a recent Southern California regional study (Coleman and others, 2005) 

indicate that, for watersheds smaller than about 25 square miles, channels in granular, non-

cohesive sediments may become unstable downstream from urbanizing areas when impervious 

coverage reaches as little as 2 to 3 percent. 

This report uses an empirical approach to assess the potential effects of urbanization on channel 

morphology associated with the implementation of the Newhall Ranch Specific Plan, combined 

with other existing and future development in the upper watershed of the Santa Clara River as 

described in the adopted General Plan.  We use historical changes in the Santa Clara River 

channel pattern to help bracket potential morphological effects on the river of 

hydromodification due to accumulated urban development.  We note that historical changes 

(both natural and human-induced) in the three factors most likely to affect the Santa Clara River 

stability (magnitude and frequency of stormflow events, sediment supply and caliber, and 

channel vegetation) are very large relative to the effects, if any, of the Newhall Ranch project 

and other planned future urban development.  We hypothesize that it will prove useful to learn 

from history, and to assess the nature and general degree of change that may result from future 

urbanization by applying these insights. 

Much of what is learned from this analysis may be applicable in other aspects of planning and 

managing the Santa Clara River in the Newhall Ranch reach and reaches downstream.  It is not, 

however, an immediate objective of this report to develop management plans, to assess 
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potential changes in tributary channels, or to explore how habitat conditions might be changed 

by potential hydromodification, beyond that which is related to the physical channel form and 

dynamics. 

1.2 Technical approach 

The history of the Santa Clara River in the Santa Clarita Valley and eastern Ventura County 

allows us to explore the three factors most likely to affect the stability and morphology of the 

river downstream from existing and future development in the Santa Clarita Valley (including 

Newhall Ranch): 

 High streamflows, including increased peak flows, volumes, and/or durations of 
stormflows,  

 Coarse-sediment supply, including sharp curtailment of sediment entering the river 
following completion of Castaic (1974) and Santa Felicia-Piru (1958) Dams. 

 Mature riparian vegetation, with interpenetrating roots, which can stabilize the banks 
and maintain the channel pattern. 

We consider the ‘pre-urban’ condition to be the form and functions of the river during the 1950s 

and 1960s, prior to significant urban growth and modification of the flow and sediment regimes 

due to the construction of the Castaic and Santa Felicia-Piru Dams.  Historic deviations from the 

pre-urban condition can be evaluated using the geomorphic evidence left by a period of floods 

and high flows from 1938 to about 1945.  The effects of sediment supply can be evaluated by 

quantifying effects of eliminating coarse-sediment delivery from Castaic Creek (with a drainage 

area of 155 square miles, approximately 25 percent of the Santa Clara watershed at the 

L.A./Ventura County line.  Supporting evidence can also be obtained similarly at Piru Creek 

(approximately 40 percent of the watershed at its confluence with the Santa Clara River at Piru). 

1.3 Report organization 

The analysis begins with an overview of the factors affecting the form and geomorphic history 

of the Santa Clara River (Chapter 2).  The larger events and fluctuations, and manner in which 

they may have affected the river, are considered in Chapter 3.  The fourth chapter explains the 

source materials and methods used to quantify the river’s response to these perturbations, 

which are summarized in Chapter 5.  Chapter 6 is a discussion of what we have learned from 

this study, and Chapter 7 draws conclusions as to how these findings relate to potential 

hydromodification effects in response to anticipated future watershed urbanization. 
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2.   GEOMORPHIC SETTING 

2.1 Channel pattern influences 

Several previous reports have described the overall and geomorphic histories of the Santa Clara 

River (c.f., Schwarzberg and Moore, 1995; SCREMP 2005).  In each case, authors have noted that 

the forms and functions of the river have varied with climatic cycles and with episodes such as 

floods and fires.  It is this variability that is characteristic of the river.  In the this report, we 

utilize the study of historic influences of some of the more pronounced events and cycles to 

better understand the impacts of drainage changes, if any, that can be expected to result from 

the anticipated future development in the Santa Clarita Valley, including Newhall Ranch. 

2.1.1 Physiography 

The Santa Clara River flows through a complex, tectonically-active trough generally bounded 

by reverse faults on the San Cayetano Mountain and South Mountain fronts.  Some of the most 

rapid rates of geologically-current uplift in the world are reported from the Ventura anticline 

and San Gabriel Mountains, just to the northwest and southeast, respectively, of the river.  

Slopes are very steep, with local relief of 3000 to 4000 feet being common.  These faults bring 

harder, more resistant sedimentary rocks over softer and younger sedimentary formations, but 

all formations are fundamentally soft and erodible.   On either side of the faults, sandstone 

(generally multi-cyclic and fine-grained) and mudstones prevail.  The northeastern and 

southeastern corners of the watershed are underlain by deeply-weathered granitic and schistose 

rocks, which produce sands that are coarser than those of other rock units when they weather 

and erode.   The San Gabriel fault crosses the valley near the county line, bringing slightly more 

resistant rock to the surface and creating a local base level reflected as a slight rise or ‘bump’ on 

the river’s longitudinal profile. 

Most geologic materials in the watershed decompose mainly to silts and clays and to sand, with 

some coarser materials.  Rhea Williams and his colleagues at the U. S. Geological Survey found 

that most sediment moved by the Santa Clara River and its main tributaries are quite fine, with 

less than 5 percent bedload-sized material (>0.25 mm, or about 0.01 inches in diameter).  Some 

gravels and cobbles do occur within the beds of the streams and in their alluvium.  Nonetheless, 

both the bed and the sediment transported by the river tend to be finer than in most Southern 

California watersheds (c.f., Knudsen and others, 1992). 
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The Santa Clara River watershed drains a watershed of 1,600 square miles, of which 625 square 

miles are within Los Angeles County, upstream of the “county-line gage” (USGS No. 11108500), 

near the western edge of the Newhall Ranch Specific Plan area. 

2.1.2 Climate 

Much of the watershed upstream of the Newhall Ranch Specific Plan area receives rainfall 

averaging about 18 to 25 inches per year (NOAA).  As throughout Southern California, rainfall 

in the Santa Clara watershed alternates between wet and dry periods, a variation that is central 

to understanding the cultural and geomorphic histories of the upper watershed (Schwarzberg 

and Moore, 1995; Lynch, 1931; Reichard, 1981).  Wet cycles tend to persist for several years, 

sometimes for periods of 6 or 8 years, during which rainfall, although variable, may average 

about 140 to 150 percent of the long-term average.  For the woody riparian vegetation along the 

banks and on islands in the braided channels, these are crucial periods for establishment and 

growth.  During dry cycles, the roots of the riparian vegetation must grow downward to the 

water table or perched zones, and where it cannot do so, this band of vegetation will die back. 

2.1.3 Flows 

Flows in the Santa Clara River, as in most southern California streams, are highly episodic.  For 

the gaged period between 1953 and 1996 annual flow at the Los Angeles/Ventura County line 

gage ranged between 253,000 acre-feet (1969) and 561 acre-feet (1961).  In general, however, 

streamflow, and especially dry-season streamflow, has increased over the past few decades 

primarily due to discharges from two wastewater treatment plants.  Mean annual flow at the 

County Line increased from 25,700 acre-feet in 1972 (averaged over a 20-year record) to 35,360 

acre-feet in 1988 (36-year record), with a significant decrease in the number of very low years 

over that period (UWCD and CLWA, 1996).  Downstream of the County line, however, the 

Santa Clara River flows through the Piru groundwater basin, which represents a “Dry Gap” 

where dry-season streamflow is lost to groundwater. 

Annual peak flows at the County line between 1953 and 1996 ranged from 68,800 cfs (1969) to 

109 cfs (1960).  Of note is that the second highest annual peak, 32,000 cfs in 1966, was less than 

half of the highest peak (68,800 in 1969).  Both of these events occurred in the late pre-urban to  

early-urbanization stages within the Santa Clarita Basin and no consistent increase in peak flow 

is evidence since this time.  Flow data for the 2005 flood event are not yet available, however the 

peak flow at the County line may have approached the flow observed in 1969.  As discussed 

below these large episodic events have a significant impact on the geomorphic characteristics of 

the Santa Clara River mainstem. 
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2.1.4 Ground-water supported riparian vegetation 

The Santa Clara River is underlain by several distinct alluvial ground-water basins—the Piru, 

Fillmore, and Santa Paula Basins (Reichard and others, 1999; SCREMP 2005).  These basins are 

divided longitudinally by sills or ridges of bedrock that support areas of locally-high ground 

water, including the area upstream from the County line (above the Piru Basin), and upstream 

from the mouth Sespe Creek (the transition between the Piru and Fillmore Basins).  This locally-

high ground water sustains summer baseflow and riparian vegetation within the Santa Clara 

River corridor even through relatively dry climatic cycles. 
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3.   PERTURBATIONS 

This section describes several major perturbations (those with the potential to affect channel- 

and floodplain-form) that occurred in the Santa Clara River watershed since the early 1900s 

(summarized in Figure 1).  Aerial photographs were selected to bracket these events and 

analyzed, both qualitatively and quantitatively, to try to discern and quantify responses of the 

Santa Clara River channel to: 

 (1) changes in flow regime during wet and dry multi-year cycles, 

 (2) sediment supply, notably describing the channel’s adjustments to construction of 

large dams,  and 

 (3) development of mature riparian vegetation with interpenetrating roots. 

3.1 Streamflow cycles and events 

As described above, streamflow within the Santa Clara watershed is highly episodic, and can 

vary drastically from year to year.  However, decade-scale patterns of wet and dry periods have 

been identified in the historic record—as early as the 1700s.  Previous wet periods (with 

associated high flows) are reported from 1810 to 1817, 1831 to 1840, 1883 and 1893, and 1903 to 

1916, during each of which periods the area received a total of an additional 60 to 80 inches 

above the mean annual rainfall over the duration of the wet cycle.  Prolonged static or drying 

periods similar to that observed between 1945 and 1977 also occurred from 1780 to 1810, 1842 to 

1882, and 1919 to 1935 (with associated reductions in streamflow).  The river is likely to have 

remained most stable during the latter periods, with the notable exceptions of a few major 

storms of record, such as 1862 (c.f., Lynch, 1931; Reichard, 1981; Schwartzberg and Moore, 

1995).  The primary wet periods in this study occurred between 1938 and 1946, and 1978 to 1983 

(Figures 1 and 2).  Other large storm events occurred in 1966, 1969, 1972, 1983, 1998, and 2005.  

Notable dry periods occurred between 1946 and the late 1960s, and 1983 and 1991. 

3.2 Dam construction 

Castaic Dam was completed on Castaic Creek (a tributary of the Santa Clara River just upstream 

of the Newhall project) in 1974.  The watershed area above the dam is approximately one-

quarter of the watershed area of the Santa Clara River at the L.A./Ventura County line, 

downstream of the Castaic confluence, and therefore the dam effectively reduced the sediment 

contributing area by about 25 percent.  For comparison purposes, we also considered the effects 
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of the construction of the Santa Felicia Dam (Lake Piru), which resulted in an approximate 38 

percent decrease in sediment contribution area below the confluence of Piru Creek and the 

Santa Clara River1.    

3.3 Urbanization 

Settlement of the Los Angeles County portion of the watershed transitioned from rural to 

mixed-use suburban during the mid- to late-1960s.  This change initiated a period of ongoing 

urban expansion, with associated increases in the area of impervious or compacted surfaces as 

homes, commercial and industrial centers, highways and diverse infrastructure have developed 

throughout the Santa Clarita Valley.  Future General Plan urbanization within the upper 

watershed, inclusive of Newhall Ranch, will bring the percent of urban area west of the County 

line to about nine percent (GeoSyntec, 2005). 

3.4  Treated effluent discharge 

Since the 1960’s, treated effluent from two water reclamation plants (Saugas and Valencia) has 

been released directly to the Santa Clara River.  This, combined with an increase in applied, 

imported agricultural water, has led to increased summer baseflows in the Santa Clara River at 

the County line, which had only rarely occurred under pre-urban conditions.  This led to an 

increase in available water to support woody riparian vegetation.  The increase in baseflow is 

evident in the USGS gaging record at the county line (Figure 2).  In some stream corridors, 

vegetation growth in response to increased baseflow can provide additional bank cohesiveness 

and reduce erosion; though in others heavy in-channel vegetation growth (riparian 

encroachment) can serve to destabilize the stream and induce lateral erosion by directing flows 

toward the banks. 

Newhall Ranch has proposed an additional plant that would ultimately treat approximately 5.8 

million gallons per day at project build-out.  However discharge from the plant in the summer 

is not expected, as this water will be re-used for irrigation purposes, and we therefore do not 

expect further change in riparian vegetation growth as a result. 

3.5 Saint Francis Dam Breach 

On March 12, 1928 the Saint Francis Dam, located in San Francisquito Canyon upstream of the 

Newhall project, failed and released approximately 30,000 acre-feet of water over the course of a 

few hours, with an estimated peak discharge of up to 800,000 cubic feet per second (Newhall, 

                                                      
1 Drainage area calculations were based on USGS gaging station watershed data at Piru and Castaic Dams, and 

gages on the Santa Clara River at the L.A./Ventura County line and near Piru. 
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1928; and SCREMP, 2005).  This event had drastic effects on the stream reaches downstream, as 

the resulting flows were much higher than anticipated from any natural event.  Aerial 

photograph coverage during this time period is limited, however, and therefore an assessment 

of this event was not feasible.  In addition, because of the extreme size of the event, it is unlikely 

that an assessment would be beneficial for assessing hydromodification impacts.  
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4.   METHODS 

We analyzed aerial photographs from 1927, 1947, 1957, 1966/67, 1989, 2002, and 2005 to 

describe channel change in response to the major episodes described above.  The main criteria 

described were the width of the active braiding area (or meander belt width if there was no 

braiding), bank vegetation, number of channels, and width of the active channel.  Also 

described, where they could be identified, were the width and length of “islands” (vegetated 

mid-channel bars) within the stream.  Islands were typically easier to identify where vegetation 

was heavy, as the color of the vegetation highlighted the differences between channel and meta-

stable islands. 

The aerial photographs were analyzed in two different ways.  First, a qualitative comparison of 

the alluvial corridor shown in the different years’ photos was made, describing general 

differences in channel pattern and vegetation on a reach-wide scale.  Second, specific cross 

sections were defined and the above parameters measured for each year with photo coverage in 

that area to provide a quantitative comparison of channel change at these standard locations 

along the Santa Clara River (Figure 3). 

4.1 Descriptions of analysis criteria 

4.1.1 Width of active braiding corridor 

For braided reaches, the active channel width was identified primarily by noting the extent of 

active channels or recent sediment deposition.  In many cases the active corridor was bounded 

by a significant change in vegetation or sediment deposition characteristics.    

4.1.2 Relict channel corridor 

The relict channel corridor is the portion of the flood plain that does not appear to have been 

active in the recent past (within the last 5 years or so).  Typically the relict corridor is identified 

by areas of heavy or scattered vegetation containing no or few distinct channels, or areas that 

do not appear to have experienced recent sediment deposition.  Alternatively, identification was 

based on the width between farmed fields2.  Measurements of this feature were made from 

outside bank to outside bank, and include the active corridor. 

                                                      
2 The total width of the former channel migration corridor is difficult to identify in aerial photographs due to past 

and present agricultural field reclamation following major perturbations.  Where necessary, we used the width 
between agricultural fields as a estimate of the relict corridor.  
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4.1.3 Channel width 

Where a distinct channel or channels could be identified, the widths of the individual channels 

were measured.  The number of individual channel threads was also recorded, where threads 

could be distinguished.  In some cases, measurement of these features was complicated by poor 

photo resolution or contrast, and difficulty in distinguishing major channels from minor ones 

(where a full spectrum was present). 

4.1.4 Vegetation 

Vegetation was described qualitatively as bare, scattered, moderate, and heavy.  The location of 

specific areas of vegetation, such as vegetated islands, vegetation within the relict corridor, or 

vegetation along banks, was also described.  Where the resolution was adequate, the growth 

form of vegetation, or state of maturity, was also described (trees or shrubs). 

4.1.5 Number of vegetated islands 

The number of distinct vegetated islands (mid-channel bars) was also recorded at each cross-

section, where the resolution of the photographs was adequate.  Where islands could be 

identified, measurements of width and length were recorded. 
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5.   RESULTS 

5.1 Qualitative descriptions 

Initial inspection of the series of aerial photographs showed that significant changes in channel 

planform have occurred throughout the 1900s, as would be expected in a large, braided stream 

in southern California.  Vegetation within the relict corridor (see definition above) near the 

Newhall Ranch planning area appears to become progressively heavier through time, likely due 

to the increase in agricultural water and discharge of treated effluent to the channel through the 

summer months.   

The photos show many areas of net deposition, and corresponding channel shifts in major 

depositional areas.  Single-thread, dominant channel segments are rarely present, especially in 

years following large events.  Even when there is one main channel, secondary channels are 

often present within the active channel corridor.   

Portions of the stream have been altered for flood control purposes, including stabilization of 

banks bounded by orchards and fields, or construction of levees within the active corridor.  

These levees are most prominent in the 1989 photographs (upstream of the L.A./Ventura 

County line), where the substantial segments of the main channel are confined in a flood control 

channel approximately 225 feet wide.  By 2002, however, little evidence can be discerned in the 

aerial photographs of these levees. 

The 2005 flood events caused significant changes within the Santa Clara River.  Vegetation 

within the channel was almost all completely washed out (compared to 2002 conditions), and 

many areas of significant bank-widening were identified, even in areas of heavy bank 

vegetation (Figure 4). 

There appears to be little change in agricultural constriction of the Santa Clara River over the 

span of photographs reviewed.  Through the Newhall reach, the agricultural areas appear to be 

well buffered by the relict channel and the vegetation supported there.  There were only a few 

places identified where the active channel cut into agricultural areas rather than staying within 

the relict corridor.  In contrast, within the Piru Basin (downstream of the Newhall reach), 

significant agricultural constriction and subsequent channel widening occurred over the time 

span of the photos reviewed. 
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Areas of shallow ground water between Piru and Sespe Canyon3, which support denser 

riparian vegetation than typical for the river between Valencia and Fillmore, show little if any 

significant change for all years in the studied photo-sets.  Both the density and extent of 

vegetation in these areas does not appear to change over time (despite significant differences in 

climate and other watershed factors) nor does the amount of vegetation appear to significantly 

affect channel planform, compared to upstream and downstream reaches (the braided channel 

does not shift to a single-threaded channel through the wetted reach).  

5.2 Quantitative results 

For the quantitative portion of the aerial photograph analysis we looked at four different types 

of criteria to identify physical changes to the Santa Clara River channel (Table 1; see also section 

4.1.1 for descriptions of criteria).  Because of difficulties in identifying and measuring the 

width/number of channels and number/dimensions of vegetated islands, because of the 

varying resolutions and contrasts of the photographs, we concluded that analysis of these two 

criteria were less meaningful for this study.  In other words, there was more variation due to the 

ability to identify the features for the varying quality of the photos than there was actual 

variation in the system.  While we believe that these criteria may be a valid indicator of channel 

change, more study would be needed to adequately quantify these features so they were used a 

supplementary qualitative metric. 

For this study we found that measurement of the “active corridor” (see section 4.1.1) was the 

most useful and easiest to work with to identify channel changes.  In most cases there is enough 

vegetation along the banks that the active braiding corridor is easily identified, and changes in 

the width of the corridor can be tracked from year-to-year.   

Figure 5 summarizes the changes in active corridor width over the time span of the reviewed 

photos.  Within the Newhall reach, the width of the “active corridor” at the four measured 

cross-sections varies from year-to-year by as much as 500 feet, though most of the variation is 

considerably less.  One station, in the narrows above the Piru Basin, has a very consistent 

channel width, varying by less than about 50 feet from year to year. 

To provide additional analysis, we looked at a series of recent photos (1994, 2000, and 2002-

2005) at one cross section downstream of the Castaic confluence.  For this photo set, the channel 

widened significantly between 1994 and 2000 (probably in response to the 1995 or 1998 large 

                                                      
3 See Reichard and others (1999) for a discussion of the hydrogeology of these shallow ground water areas; 

although downstream from the Los Angeles County line, results are applicable to the upstream as well, as 
discussed later in this report. 
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storms), but showed almost no change between 2000 and 2004 (Figure 6).  The channel then 

widened considerably again in response to the high-flow events in 2005. 

As a secondary check of the numbers derived for the measured standardized cross sections, we 

also measured active channel widths at approximately twenty different locations through the 

Newhall Reach on three different photo sets—1967, 2004, and 2005.  From these measurements 

an average active braiding corridor width was calculated and compared with the other years.  

In 1967, the average channel width was approximately 580 feet, which was significantly wider 

than the average width in 2002 (392 feet).  However, after the 2005 storms, the active width was 

approximately 560 feet, similar to the 1967 conditions. 

The “relict corridor” (see section 4.1.2 for definition) also proved useful as a secondary criterion, 

providing a measurement of potential changes due to agricultural encroachment or constriction 

of the flood corridor.  Measurement of the “relict corridor” at the standard cross sections 

showed that while there was some variation between photos, there is no consistent trend of 

agricultural constriction to the Santa Clara River flood corridor.  These measurements, along 

with qualitative observations that within the Newhall reach agricultural activities were 

generally restricted to outside the active corridor, suggest that agricultural encroachment has 

not historically affected the geomorphology of the Santa Clara River within the Newhall Reach. 
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6.   DISCUSSION 

The Santa Clara River is a dynamic, episodic system.  The above analyses highlight the 

magnitude of geomorphic change over the course of recent history, in response to natural and 

human disturbances in the watershed.  Understanding the magnitude of past response is a key 

factor in assessing the potential response to future urbanization within the watershed. 

The construction of Castaic Dam in 1974, regulating approximately 25 percent of the watershed 

at the L.A./Ventura County line, cut off a significant supply of sediment to the Santa Clara 

River.  This change, however, does not appear to have had an effect on the channel dimensions 

of the Santa Clara River mainstem.  The width of the active corridor, as well as the general form 

of the channel, are generally consistent both before and after construction of the dam.  It 

appears that the Santa Clara River adjusted without morphological expression to absorb this 

change.  One factor contributing to the lack of change is the seemingly large volume of 

sediment stored in the tectonic basin above the county line—a result of bedrock control 

associated with movement along the San Gabriel fault, which supports the large extent of semi-

consolidated and alluvial deposits adjoining the drainage net. 

The amount of vegetation within the Santa Clara River corridor appears to have increased since 

the 1960s, likely due to the increased summer return flows from agricultural water and to year-

round augmentation of baseflows due to treated effluent discharge to the river.  However, this 

vegetation does not seem to provide enough erosion resistance to maintain a “stable” channel 

capable of withstanding regular ‘re-sets’, which occur at intervals averaging about a decade – or 

much less than the expected lifetime of the riparian woodlands which do get established.  

Despite heavy vegetation on the active channel banks near Newhall ranch and in areas of 

shallow ground-water, the stream still responds to large events by a general widening and/or 

shift of the channel.  The role of vegetation in large-channel stability and morphology in 

Southern and Central California does fundamentally differ from that of smaller streams and 

streams elsewhere in the country.  The geomorophic and historical record shows that resets 

have been occurring throughout the recent geologic past in basins exceeding a certain size.  One 

partial explanation may be that ‘re-set’ flood events in these larger channels exert stresses 

beneath or around the riparian vegetation exceeding the vegetation’s threshold of stability4. 

                                                      
4 Sedimentologists note that crossbeds in the alluvium of the Santa Clara River are often 8 to 12 feet high, 
equal or greater than the depth to which roots can interpenetrate in most riparian settings in the region. 
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As stated above, the Santa Clara River, as with many streams in semi-arid southern California, 

is highly episodic.  Concepts of “normal” or “average” sediment-supply and flow conditions 

have limited value in this “flashy” environment where episodic storm and wildfire events have 

enormous influence on sediment and stormflow conditions.  Many of these channels are 

actively adjusting to lower flows than the last major event, which may have occurred some 

years before5 (Hecht, 1993).  In these streams, a large portion of the sediment movement events 

can occur in a matter of hours or days.  In many of these channels most sediment is moved—

and most bed changes occur—during the large flow events resulting from storms that may be 

expected approximately every 5 to 15 years (c.f., Capelli and Keller, 1993; Hecht,1993; Inman 

and Jenkins, 1999; Knudsen and others, 1992; Kroll and Porterfield, 1969). 

Evidence of episodic channel changes can be seen in the Newhall reach of the Santa Clara River.  

Based on aerial-photograph interpretation of a near-yearly sequence of aerial photographs from 

within the last decade, the channel appears to maintain a consistent planform during average or 

dry rainfall years (such as between 2000 and 2004).  Large events, however, (such as that which 

occurred in February 1998 and January 2005) can significantly modify this channel form.  This 

widened and/or shifted channel (like that which was present after the 1998 or 2005 stormflow 

events) then sets the geomorphic template for subsequent normal to dry years.  This model, 

similar to that described for the Ventura River by Capelli and Keller (1993), suggests that the 

geomorphology of the Santa Clara River is primarily driven by these large events. 

Other perturbations which potentially affect channel geometry appear to have transitory or 

minor manifestations.  For example, effects on the channel width due to 1980s levee 

construction are barely discernible by the first few years of the 21st century, probably mostly 

due to morphologic compensation associated with the mid- to late-1990s storm events. 

                                                      
5 Actively adjusting channels may be aggrading, incising, expanding or otherwise changing channel dimensions, 

depending on the magnitude, type, and various effects of the episodic event. 
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7.   CONCLUSIONS 

Based on the study of historic aerial photographs described above we conclude that: 

 Major perturbations within the Santa Clara River watershed (dam construction, levee 

construction, changes in flows in response to decadal-scale climatic patterns, and 

increases in woody vegetation) do not appear to have had a significant impact on the 

geomorphic expression of the Santa Clara River, as quantified from measurements made 

from a series of historical aerial photographs flown during the years 1927 through 2005. 

 Large events (those which are typically not as affected by increases in impervious area 

and associated increases in stormwater peaks and runoff volume) can completely alter 

the form of the Santa Clara River channel.  We call these events “re-set” events.  These 

events, perhaps occurring on average once every ten years, are a dominant force in 

defining channel characteristics. 

 The geomorphic dominance of “re-set” events overwhelms geomorphic effects of 

hydromodification on smaller events.  Due to these episodic “re-sets” we do not expect 

hydromodification feedback “unraveling” of the Santa Clara River mainstem, as is seen 

in many smaller southern California watersheds6.  The “re-set” events appear to 

adequately buffer changes that may occur in short-term sediment transport.   

 While there is no expected increase in summer flows due to additional treated effluent 

discharge to the Santa Clara River, even if summer baseflow do increase we would not 

expect a significant change within the channel.  Additional growth in the extent or 

density of vegetation is not anticipated, as the reach near Newhall already appears to 

have enough flow to support summer vegetation, and the existing vegetation does not 

appear to affect channel form for durations longer than the “re-set” interval.  Further, re-

sets occur at intervals significantly shorter than the period required for maturation of 

riparian vegetation, such that full development of bank-holding properties is frequently 

interrupted.  

 Given that the channel morphology of the Santa Clara River mainstem has not adjusted 

significantly to much larger perturbations in flow, sediment yield, and riparian 

                                                      
6 In many smaller streams, hydromodification of moderate events can induce incision of the stream bed, which 

reduces the connection of the stream to the floodplain.  This disconnect, in turn, increases the erosive forces of the 
flows (concentrating more flow in the channel) and causing further erosion, and thus a positive feedback response. 
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vegetation growth factors, within the Newhall reach, we do not expect a significant 

geomorphic impact to the Santa Clara River mainstem due to the anticipated increase in 

‘urban area’ from four to nine percent. 
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8.   LIMITATIONS 

The analyses in this report were designed to help bracket the range of likely effects on the 

geomorphology of the Santa Clara River due to proposed urban expansion under the General 

Plan, inclusive of the Newhall Ranch Specific Plan projects.  It does not consider specific 

elements of the project or of evolving mitigation measures; rather, it focuses upon the 

susceptibility to perturbation of the Santa Clara River corridor as a whole.  We believe that it 

conforms with the standard of care applicable to reconnaissance studies of this nature; no other 

warranty, expressed or implied, is made. 

The above analyses and discussion were intended to assess the potential cumulative impacts to 

the Santa Clara River mainstem (not tributaries) due to the anticipated urban expansion in the 

watershed.  While we conclude that urban expansion from approximately four- to nine-percent 

urbanized (not ‘impervious’) will not significantly affect the channel geomorphology of the 

Santa Clara River, we do expect that there might be a response to urbanization on a larger scale.  

However, further study would be required to define what the likely threshold and magnitude 

of response might be. 

We ask readers to note that this is a reconnaissance report.  It is intended to bracket likely future 

conditions, to identify factors which must be better known, and to help guide initial planning.  

This report should not be used to site or design individual facilities without further site-specific 

investigations.  Similarly, it is not intended to serve as basis for flood management or detailed 

floodplain planning, both of which should be conducted by well-defined and site-specific 

procedures, and which frequently require multiple lines of evidence. 

The application of geomorphic history to inferring future channel and corridor change has a 

long and respected record in the earth sciences.  As with all history or archival analysis, the 

better the record is known and understood, the more relevant and predictive the analysis can 

be.  We do encourage readers who have knowledge of other events or processes which may 

have affected the river to let the authors know at the first available opportunity.  The authors 

and their contacts via several different media are given on the signature page of this report. 

                                                                                                  Balance Hydrologics, Inc. 
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vegetation other descriptions
(feet) (feet) (feet) (feet) (feet) (feet)

X1 downstream of 
Castaic 8/16/1947 570 1247 yes? 71 3? 107 can't 

define n/a n/a
moderately vegetated with some 
portions of relict corridor heavily 
vegetated

Just downstream a heavily vegetated bar is cut 
by a very distinct secondary channel

7/20/1966 729 1173 yes 27 1 27 1 497 86

almost no vegetation within primary 
corridor except two areas near the 
primary channel and scattered small 
patches, only scattered vegetation on 
relict corridor

while there is only one main channel the rest of 
the primary corridor is section is almost deltaic in
planform, spreading out from constriction 
upstream (possibly high sediment load coming in
from Castaic)

5/26/1989 173 1171 yes, but 
small 43 1 43 0 n/a n/a

banks of meander corridor have 
scattered vegetation (less than 2000) 
with very little within braiding corridor

meander corridor is very distinct and straight, 
could be from flood control dredging; 

6/1/1994 337 1167 yes 72 2 97 1 551 171 light to moderate vegetation on braiding 
corridor banks very little vegetation within braiding corridor

2/1/2002 505 984 yes 42 2 50 poorly 
defined n/a n/a

relict braiding corridor is well-vegetated; 
meander belt/bar is lightly to moderately 
vegetated; at least one main channel 
bank is well-vegetated (alternates w/ 
meanders)

secondary channel essentially cuts off meander

4/1/2004 505 978 no n/a 3 87 2 929, 251 248, 56
heavy vegetation along former primary 
channel; relict corridor also heavily 
vegetated

there are two distinct channels, approximately 
the same size

3/1/2003 510 965 yes 75 1 45 0 n/a n/a

heavy vegetation on northern bank; 
some scattered vegetation within active 
corridor and surrounding low-flow 
channel

channel branches just downstream of cross 
section; very similar to 2002 and 2004 photos

2/1/2005 601 999 no n/a 3 106 poorly 
defined n/a n/a

no vegetation in main portion of channel;
right bank has heavy tree cover, left 
bank has few trees

the main channel is about 340 feet wide with an 
obvious overbank deposition area (with very little
vegetation)

X2 Upstream of  
County line 8/16/1947 532 1197 yes 89 2 133 1 355 133

vegetation is heavy (probably trees) on 
relict corridor; moderate (probably 
scrub) within active corridor (difficult to 
distinguish)

very distinguishable difference between active 
and relict corridor within this reach

3/6/1963 491 1352 no n/a difficult to 
define n/a 6

252, 283, 
82, 441, 94, 

410

44, 57, 52, 
76, 38,63

several well-defined islands behind 
established vegetation (individual shrubs
or small trees); relict corridor has 
moderate to heavy tree cover

very braided planform; switches to 
predominately single-thread channel just 
downstream

5/26/1989 651 651 yes 43 3 108 1 2385 477

relict corridor has scattered trees with 
moderate to heavy shrub or grass 
cover; central island (along levee) has 
similar vegetation

well-defined flood control channel, but has been 
breached and there is a significant secondary 
channel to the north of the levees; included a 
portion of the island between the flood control 
channel and the secondary channel in the relict 
channel (no sign of recent deposition)

Aerial photograph cross section data at selected locations near Newhall Ranch, Los Angeles County, CA.  See text for explanation and interpretation of data.  Locations of cross 
section are labeled on Figure 2.  Photo sources are listed in Appendix A.

Photo cross section data.xls, Adjusted data Table 1, page 1 of 4 ©2005  Balance Hydrologics, Inc.
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vegetation other descriptions
(feet) (feet) (feet) (feet) (feet) (feet)

6/1/2002 608 1258 yes 131 1 131 0 n/a n/a
relict corridor on north bank has heavy 
tree cover; meander bends are eroding 
tree bank vegetation in places

stream has meandering planform, though 
meander belt (400' wide) has high sediment 
deposition and little vegetation; no evidence of 
flood control levees (meanders have widened to 
erode levees); active channel includes meander 
belt and area of significant recent sediment 
deposition to the north of the meander belt

2/1/2005 674 1240 yes 97 3 192 1 475 155

almost no vegetation within active 
channel; relict corridor on both banks 
has moderate tree cover; much 
vegetation eroded away since 2002

numerous very small channels present as well

X3 downstream of 
county line 8/16/1947 362 805 yes, at 

this xs 80 2 121 can't 
define n/a n/a outer banks of braiding corridor seem 

heavily vegetated

there seems to be one main channel through this
reach, with extensive deposition of sediment 
outside of the channel

7/20/1966 140 714 yes 51 2 77 0 n/a n/a banks of braiding corridor are heavily 
vegetated

5/26/1989 273 864 yes 91 2 114 1 136 23 only scattered vegetation on banks of 
braiding corridor

braiding corridor looks as though it may be a 
leveed flood control channel

2/1/2002 249 1466 yes 41 3 79 2 344, 219 66, 36

scattered vegetation on u/s ends of 
islands; some recent deposition of 
sediment within relict braiding corridor 
(which is predominately heavily 
vegetated

2/1/2005 587 1472 yes 97 3 145 1 543 110
no vegetation in active corridor; right 
bank has heavy shrub cover with some 
trees, left bank has light shrub cover

X4 upstream of 
Piru Basin 8/16/1947 282 885 yes 121 1 121 can't 

define n/a n/a
little to no vegetation within braiding 
corridor; relict braiding corridor has 
heavy tree/shrub cover

7/20/1966 281 383 no n/a 3 26 poorly 
defined n/a n/a

5/26/1989 318 591 yes 68 1 68 1 91 23 meander belt banks lined with trees; 
meander belt itself covered with shrubs

"braiding corridor" is actually the meander belt; 
meander belt outside of channel is heavily 
vegetated

2/1/2002 266 426 yes 35 3 45 1 340 36 secondary channels may be present in other 
photos, but resolution is poor, esp. 1948

2/1/2005 281 495 yes 44 1 44 0 n/a n/a

vegetation on right bank of main channel
has diverted some flow over the relict 
corridor, though conditions are similar in 
2002; moderate to heavy trees and 
shrubs on both banks

conditions are very similar to 2002, but with 
slightly wider and much clearer channel

Photo cross section data.xls, Adjusted data Table 1, page 2 of 4 ©2005  Balance Hydrologics, Inc.
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vegetation other descriptions
(feet) (feet) (feet) (feet) (feet) (feet)

X5 upstream of 
Piru confluence 4/1/1927 1834 3191 no n/a many n/a 3 3060, 1170, 

468 540, 450, 90

sparse scrub vegetation within active 
corridor, but enough to define the 
complex channel pattern; only slightly 
more vegetation (or possibly just less 
recent sediment deposition) in relict 
corridor

relict channel is mainly an artifact of flow 
deflection by several long levees just upstream; 
typical braided stream with channels of varying 
widths and scales (can not define number of 
channels due to complexity and scale variation 
of channels); only measured large islands

8/16/1947 1449 3066 no n/a 0 n/a 1 1282 279
island appears heavily vegetated; relict 
channel has moderate vegetation, 
possibly some farming

active channel is very burnt in; no evidence of 
levees, but would be difficult to see

11/10/1966 957 3051 no n/a
complex 
channel 
pattern

n/a
too 

complex 
to define

n/a n/a

no vegetation within active corridor; 
sparse scrub vegetation within relict 
corridor, but very patchy (may be due to 
clearing)

flood control channel is present down middle of 
active corridor (196' wide); stream has complex 
braiding pattern, even with flood control channel 
present

6/20/1989 1796 2993 no n/a
complex 
channel 
pattern

n/a
too 

complex 
to define

n/a n/a

light scrub vegetation within active 
corridor; vegetation is obviously 
stabilizing small islands, at least until the
next big event; relict corridor is sparsely 
vegetated

little evidence of flood control channel but may 
have been some excavation in middle of active 
corridor (~300' wide); 

6/1/2002 1730 2452 no n/a 5 1000 3 1200, 1085, 
1520

384, 406, 
400 

moderate scrub vegetation on islands 
within active channel, similar to 1989 but
slightly heavier

channels were relatively easy to pick out due to 
moderate scrub vegetation; channel width does 
not necessarily correlate to other measurements 
(where the only measurable parameter was 
wetted width) 

X6 downstream of 
Piru confluence 4/1/1927 1713 1983 yes 18 1 18 0 n/a n/a

no vegetation within braiding corridor; 
only scattered vegetation on relict 
corridor; heavy trees along portions of 
the south bank of relict corridor

very wide braided corridor with little definition 
(too burnt-in to define secondary channels)

8/16/1947 1767 1983 no n/a 0 n/a 0 n/a n/a looks similar to 1927 conditions

9/1/1957 1220 1449 yes 25 3 51 2 875, 1750 325, 425
very sparse scrub vegetation in active 
corridor; some small trees on relict 
corridor (where corridor is present)

well-defined flood control channel through this 
reach (136' wide), but there are several 
secondary channels outside the levees; 
diversion ponds present near the north bank; 
larger island cut by flood control channel

11/10/1966 1132 1563 yes 32 4 388 2 2125, 750 850, 250

large island is moderately vegetated 
with scrub and one line of heavy 
vegetation; relict braiding corridor is 
similarly vegetated

braiding corridor has been confined on both 
sides by levees (especially on the northern 
portion); looks like the southern levee was 
recently overtopped (that area was included in 
the relict corridor); main channel divides in two in
some areas

6/20/1989 1082 1082 no n/a n/a n/a 1 685 180
sparse scrub vegetation growing on 
poorly-defined islands within channel 
and near piers

lots of recent grading within the channel, several 
levees in the middle of the corridor and a series 
of piers on the southern bank

6/1/2002 1050 1245 no n/a none n/a 0 n/a n/a
very little vegetation in this portion of the 
stream; some scattered scrub on relict 
corridor, even less within active channel

217-foot wide flood control channel begins just 
d/s of xs (poorly defined, though)

Photo cross section data.xls, Adjusted data Table 1, page 3 of 4 ©2005  Balance Hydrologics, Inc.
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vegetation other descriptions
(feet) (feet) (feet) (feet) (feet) (feet)

X7

between Piru 
and Sespe 
(ground-water 
upwelling)

8/16/1947 1694 2472 no n/a 4
difficult to 
define the 

widths

can't 
define n/a n/a

this area is heavily vegetated; difficult to 
distinguish active braiding corridor from 
relict corridor

looks like there has been some flood control 
work in this area, two very straight channels 
through here, but masked some by vegetation

9/1/1957 1446 2253 yes 168 4 370 2 4624, 8500 272, 408

northern portion of the corridor (including
flood control channels) have heavy 
vegetation outside of the channels; the 
southern portion of the corridor has 
sparse vegetation

the main channel, and possibly the secondary 
channel, have been altered for flood control

6/20/1989 749 2697 yes 37 2 150 1 1386 449

thick vegetation (with trees) along main 
channel; very little vegetation otherwise 
within active braiding corridor; moderate 
vegetation in northern portion of relict 
corridor, but only scattered brush in 
southern

no evidence of flood control alteration; 
downstream the corridor has been severely 
constrained by encroaching agriculture

6/1/2002 551 2767 yes 42 2 65 1 396 108

heavy vegetation (trees) along 
secondary channel along north bank; 
scattered shrub (with some trees) 
vegetation within active corridor, some 
defining the edges of bars; heavy scrub 
vegetation on south relict corridor with 
scattered trees; heavy trees and scrub 
on northern relict corridor

just upstream there is a distinct main active 
corridor and an overbank area of deposition; the 
main active corridor has portions lined with 
heavy trees, but becomes less distinct further 
upstream (no vegetation)

X8 just downstream 
of Sespe Creek 8/20/1947 2003 2003 no n/a 6 601 can't 

define n/a n/a limited, if any photo very burnt in, but channels less well-
defined than in other photos

8/13/1967 701 2203 yes 100 3 250 1 2804 401 limited, if any one single-thread channel with one minor 
channel

6/20/1989 1532 1723
yes, but 
less so 

than 1967
153 5 306

poorly 
defined; 

small and 
well- 

vegetated

n/a n/a

islands are more heavily vegetated 
away from main channel; main channel 
bank is ~75 vegetated w/ thin vegetation 
line; more vegetation than in other 
photos

6/1/2002 670 1820 no n/a 3 170 1 801 216

islands are moderately well-vegetated; 
relict corridor has scattered vegetation, 
Sespe mainstem has heavy vegetation 
along low-flow channels

interpretation complicated by Sespe confluence, 
but looks very similar to 1989 photo

Photo cross section data.xls, Adjusted data Table 1, page 4 of 4 ©2005  Balance Hydrologics, Inc.
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Figure 1. Timeline of selected major events in the upper Santa Clara River, 
California.  Also shown (at top) are the years for which aerial photographs were 
analyzed.
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Figure 3. Location of channel cross sections on the Santa Clara River, measured on 
aerial photographs.  
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Figure 4. Comparison of 2004 and 2005 conditions on the Santa Clara River, just 
downstream of the L.A./Ventura County line.  Note that significant channel widening 
occurred in response to the 2005 events, even in heavily vegetated areas.  See appendix A 
for photo sources.
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Figure 6. Progression of aerial photographs downstream of Castaic Canyon, showing 
channel change between 1993 and 2005.  Note that there was little change between 
2000 and 2004, but the active corridor widened significantly in response to the 2005 events, 
and that channel traces within the active corridor were effectively erased.  See appendix A 
for photo sources.205018 Photo Figures.ppt ©2005  Balance Hydrologics, Inc.
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Appendix A:    

Date Number of 
photos

Nominal 
Scale

Hard 
Copy?

Electronic 
copy?

Image Type Source/Vendor Remarks

1927 6 2000 yes yes b/w Whittier College:  80, 82, 84, F27, F28, F31
Only available photography prior to the March 
1928 collapse of the Saint Francis Dam.  
Photos show area near Piru confluence

August 16, 1947 34 24000 no yes b/w - Vert Cart USGS_GS-EM, Rolls 3, 5, 7 Previews downloaded already are sufficient.

1957 2 2000 yes yes b/w Whittier College: 109, 123 1957 photos are for justdownstream of Piru 
Creek. Piru Dam was closed in 1957.

March 6, 1963 1 (2) 21670 no yes b/w - Vert Recon USGS_ARMC630001L0049  a,b high resolution scans

July 20, 1966 2 (4) 21670 no yes b/w - Vert Recon USGS_ARM6625001L1362  a,b   
USGS_ARM6625001R1357  a,b high resolution scans

August 19, 1966 1 (2) 21670 no yes b/w - Vert Recon USGS_ARM6628502L1314 a,b high resolution scans

September 13, 1966 1 (2) 21670 no yes b/w - Vert Recon USGS_ARM6631405R1165 a,b high resolution scans

November 10, 1966 2 (4) 21670 no yes b/w - Vert Recon USGS_ARM6638605L1238 a,b   
USGS_ARM6638605L1242 a,b high resolution scans

August 13, 1967 1 30000 no yes b/w - Vert Cart USGS_AR1VBUK00010110 Preview already obtained.  Downstream of 
Sespe Creek

May 26, 1989 5 31680 yes yes b/w WAC-89CA, 27-42 LA County 

WAC-89CA, 27-62 LA County 

WAC-89CA, 27-84 LA County 

WAC-89CA, 27-109 LA County 

WAC-89CA, 27-135 LA County 

May 1, 1989 6 2000 yes yes Color PAS_89 06-20 PW VEN 7-229 Ventura County

PAS_89 06-20 PW VEN 7-231 Ventura County

PAS_89 06-20 PW VEN 7-233 Ventura County

PAS_89 06-20 PW VEN 7-235 Ventura County

PAS_89 06-20 PW VEN 7-269 Ventura County

PAS_89 06-20 PW VEN 7-237 Ventura County

June 1, 1994 n/a unknown b/w, georeferenced GlobeXplorer downloaded select sections from LA and 
Ventura County

April 1, 2000 n/a unknown no yes color, 
georeferenced GlobeXplorer downloaded select sections from LA and 

Ventura County

February 1, 2002 4 Unknown no yes Color, 
georeferenced AirPhotoUSA (from GeoSyntec) Covers all of Newhall project area

Summary of aerial photographs used for assessment of potential hydromodification effects on the Santa Clara River, 
Newhall, California.

205018 Appendix A--Aerial Photos.xls, Appendix A Appendix A, Page 1 of 2 ©2005 Balance Hydrologics, Inc.



Date Number of 
photos

Nominal 
Scale

Hard 
Copy?

Electronic 
copy?

Image Type Source/Vendor Remarks

July 23, 2002 n/a unknown no yes Color, 
georeferenced GlobeXplorer downloaded select sections from LA and 

Ventura County

March 1, 2003 n/a unknown no yes Color, 
georeferenced GlobeXplorer downloaded select sections from LA and 

Ventura County

April 1, 2004 n/a unknown no yes Color, 
georeferenced GlobeXplorer downloaded select sections from LA and 

Ventura County

October 13, 2004 n/a unknown no yes Color, 
georeferenced GlobeXplorer downloaded select sections from LA and 

Ventura County

February 1, 2005 n/a unknown no yes Color, 
georeferenced GlobeXplorer only avaialable for LA County

205018 Appendix A--Aerial Photos.xls, Appendix A Appendix A, Page 2 of 2 ©2005 Balance Hydrologics, Inc.
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1.0 EXECUTIVE SUMMARY

Table 1
Oak Tree Impact Summary

Number of Ordinance-
Size Oak Trees Tree Tag Number

Total Number of Oak Trees Surveyed 171 See Appendix A: Oak Tree Survey Data

Removals
65

Coast live oak: 51, 81*, 83*, 84, 93, 95,
249, 337, 338*, 339, 340, 341, 342, 343,
344*, 345, 346, 347, 348, 351, 352*, 354,
355, 356, 357*, 396, 397, 398, 400, 401,
492*, 592, 1588, 1589, 1590, 1592, 1594,
1596, 1598, 1605, 1606, 1607, 1608, 1609,
1610, 1612, 1613, 3073, 4003*, 4018, 4019,
4021, 4022, 4054, 4056, 4080

Valley oak: 87*, 1587, 1591, 1597*

Scrub oak:594, 4016, 4017, 4055

McDonald’s oak: 64

Encroachments 8
Coast live oak: 92, 98, 99, 498, 1614, 4007

Valley oak: 503*, 585*

* Heritage tree

Oak trees locations are depicted on the Newhall Ranch Landmark Village VTTM 53108 Oak Tree Exhibit

prepared by Psomas Engineering, Revision Date: December 12, 2008. (Attached)

2.0 INTRODUCTION

Pursuant to the Los Angeles County Oak Tree Ordinance, removal or damage of any tree of the oak

genus (Quercus) that is 25 inches in circumference (8 inches in diameter), or has a combined trunk

circumference of any two trunks of at least 38 inches (12 inches in diameter), as measured 4.5 feet above

the mean natural grade (i.e., diameter at breast height [dbh]), is unlawful without a permit (Ordinance

88-0157 1, 82-0168 2, Section 22.56.2050, 1988). Damage is defined as any act causing or tending to cause

injury to the root system or other parts of an oak tree, including, but not limited to, burning, application

of toxic substances, operation of equipment or machinery, paving, changing of natural grade, and

trenching or excavating (i.e., encroached) within the protective zone (the area within the dripline of an
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oak tree and extending therefrom to a point at least 5 feet outside the dripline, or 15 feet from the trunk[s]

of a tree, whichever distance is greater) of an oak tree.

2.1 Purpose

As required by the County of Los Angeles and pursuant to Section 22.56.2090 of the Los Angeles County

Code, the purpose of this oak tree report is to provide information to the County on oak trees that may be

removed or damaged by the development of the Landmark Village Planning Area. The parameters used

to evaluate each tree that was surveyed are described on the following pages under heading

2.0, METHODS. A spreadsheet showing data collected for each oak tree surveyed is provided in

Appendix A.

2.2 Site Location and Project Description

The project site is located in an unincorporated portion of northwestern Los Angeles County,

approximately 30 miles northwest of downtown Los Angeles, in the Santa Clarita Valley. The Landmark

Village Planning Area (project site) is part of the approved Newhall Ranch Specific Plan (Specific Plan),

which was adopted by the Los Angeles County Board of Supervisors on May 27, 2003. The Specific Plan

will guide the long-term development of the 11,963-acre Newhall Ranch community, including the goals,

policies, and objectives of the County of Los Angeles General Plan and Santa Clarita Valley Areawide

Plan. The Specific Plan is regulatory in nature and serves as the zoning for Newhall Ranch.

A regional location map (Figure 1, Regional Location) and a site vicinity map (Figure 2, Site Vicinity)

illustrate the project site in a regional and local context, respectively. The site is located on both the south

and north sides of State Route 126 (SR-126) near the intersection of Chiquita Canyon Road and the

confluence of the Santa Clara River and Castaic Creek. This area equates to 770.8 acres, of which 292.6

acres would be developed as part of the VTTM 53108.

The applicant is proposing to implement a portion of the Specific Plan through the processing of VTTM

53108 to allow mixed-density residential development, supporting commercial, public facilities,

recreation, and open space uses, along with necessary infrastructure. Consistent with the allowed uses

identified in the Specific Plan, the proposed project contains 1,444 dwelling units along with 1,033,000

square feet of commercial/office/mixed use space, a 9-acre elementary school, 16.1-acre community park,

5.2 acres of private recreational facilities, 38.3 acres of open space and river trail uses, and roads. To

support this development, an approved Water Reclamation Plant is to be constructed downstream on

land located south of SR-126 near the Los Angeles County/Ventura County boundary line. The applicant

also proposes to construct the planned Long Canyon Road Bridge, which traverses the Santa Clara River.
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The applicant will be required to construct or arrange for funding the construction of all infrastructures

necessary to support the proposed project, including a domestic water system, sanitary sewer system, a

drainage network, and Long Canyon Road Bridge. The project also includes introduced oak woodlands

to serve as mitigation for damaged or removed oak trees (Figure 3, Potential Oak Tree Mitigation

Areas). The Resource Management Plan component of the Specific Plan (Section 2.6) contains an Oak

Resources Replacement Program, which identifies suitable replacement areas for oak trees. This section

also defines the standards for the restoration and enhancement of oak resources within the Specific Plan.

As indicated in the Resource Management Plan, suitable areas exist in the High Country Special

Management Area of the Specific Plan for the restoration of oak resources and the enhancement of

existing stands of oak trees. The High Country Special Management Area, which is depicted in Figure 3,

includes areas in the upper elevations of the Santa Susana Mountains that have been disturbed by

grazing. Additional opportunities exist within the Open Area designations of the Specific Plan (also

shown in Figure 3), where oak resources can be planted as an expansion of existing oak woodlands or

savannahs and in other areas that exhibit suitable topographic and soil conditions.
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3.0 METHODS

Impact Sciences’ biologists conducted on-site surveys and evaluations of the oak trees during 2005 and

2006. Only oak trees protected under the Los Angeles County Oak Tree Ordinance were surveyed. The

project site was traversed on foot through areas where oak trees occur. Oak trees were surveyed from the

base of each tree. A subjective alphabetical ranking (“A” being best and “F” being worst) was assigned

for vigor, overall health, aesthetic value, and balance for each tree based on the criteria described below.

Photographic examples of the alphabetical rankings for each of the assessment parameters are shown in

Figures 4 through 9. All data collected for each oak tree are provided in Appendix A.

All oak trees surveyed were tagged for identification purposes with 1-inch (or 3-inch oval), non-corrosive,

all-weather metal tags. All oak trees were surveyed with a Trimble Pro XRS GPS system. All trees

surveyed were mapped using a Global Information System (GIS). Oak trees locations are depicted on the

Newhall Ranch Landmark Village VTTM 53108 Oak Tree Exhibit prepared by Psomas Engineering,

Revision Date: December 12, 2008. (Attached)

During the field surveys, biologists identified all oak trees that have the potential to be successfully

relocated to undisturbed open space areas within the Newhall Ranch Specific Plan boundary. Trees

identified as candidates for relocation based on the current assessments (e.g., health, vigor, aesthetics,

balance) are identified below in Table 3, Oak Trees Proposed for Relocation within the Specific Plan

Boundary.

Evaluation of all oak trees surveyed includes the following:

Tree Characteristics

 Measuring the diameter of the trunk of each (ordinance size) oak tree using a forester’s steel
diameter-equivalent tape measure. Trees with multiple trunks were measured at breast height and
measurements for up to five trunks were inputted in the field. The total number of trunks of trees
with more than five trunks was noted on the data form.

 Measuring height and crown radius for each tree in eight directions (north, northwest, west,
southwest, south, southeast, east, and northeast).

 Characterizing the balance or symmetry of each oak tree based on the crown radius measurements
and whether or not the tree was leaning or unstable.

 Identification of trees that are classified as heritage oak trees.
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Physical Condition

 Identification of damage caused by pathogens or insect pests, by natural causes such as lightning, or
from human activity.

 Evaluation of vigor based on such parameters as amount of new growth, leaf color, abnormal bark,
dead wood, evidence of wilt, excessive necrosis or leaf necrosis, thinning of crown, etc.

 Assessment of overall health based on the evaluation of vigor, presence of damage, and comparison
of typical archetype tree of same species.

Recommended Measures

 Identification of whether the tree requires safety pruning, such as the removal of dead or weak
branches, and if a cable or brace should be installed if the tree is a save and would not be impacted by
proposed development.

Grade

A subjective alphabetical ranking (“A” being best and “F” being worst) was assigned for vigor, overall
health, aesthetic value, and balance for each tree based on the criteria described above.

“A” = Excellent: A healthy and vigorous tree characteristic of its species and reasonably free of any

visible signs of stress, disease, or pest infestation.

“B” = Good: A healthy and vigorous tree with minor visible signs of stress, disease, and/or pest

infestation. Some maintenance measures may need to be implemented such as, pruning of dead wood or

broken branches.

“C” = Fair: Although healthy in overall appearance, there is abnormal amount of stress or disease/insect

infestation, and a substantial amount of maintenance may be needed.

“D” = Poor: A tree that may be exhibiting a substantial amount of stress, disease, or insect damage than

what the amount that is expected for the species. The tree may be in a state of rapid decline, which may

vary greatly in sings of dieback, necrosis, or other symptoms caused by pathogens or insect pests.

“F” = Nearly Dead: An unhealthy tree in which mortality is inevitable. Examples of such trees include

those that may show signs of disease and/or pest infestation, have a substantial amount of defoliation,

and appear to be a safety hazard.

“E” = Dead: This tree has no foliage and exhibits no sign of life or vigor.



Figure 4 – Tree # 489 – Coast Live Oak tree with all “A” Grades (Vigor, Health, Aesthetics, Balance)

Figure 5 – Tree # 454 – Coast Live Oak tree with all “B” Grades (Vigor, Health, Aesthetics, Balance)

Site Photos

FIGURES 4 & 5

32-92•12/08

SOURCE: Impact Sciences, Inc. – December 2008



Figure 6 – Tree # 61 – Coast Live Oak tree with all “C” Grades (Vigor, Health, Aesthetics, Balance)

Figure 7 – Tree # 338 – Coast Live Oak tree with all “D” Grades (Vigor, Health, Aesthetics, Balance)

Site Photos 

FIGURES 6 & 7

32-92•12/08

SOURCE: Impact Sciences, Inc. – December 2008



Figure 8 – Tree # 26 – Coast Live Oak tree with all “E” Grades (Vigor, Health, Aesthetics, Balance)

Figure 9 – Tree # 585 – Coast Live Oak tree with all “F” Grades (Vigor, Health, Aesthetics, Balance)

Site Photos 

FIGURES 9 & 10

32-92•12/08

SOURCE: Impact Sciences, Inc. – December 2008



Oak Tree Report

Impact Sciences, Inc. 12 Landmark Village
32-092A February 2009

4.0 RESULTS

A total of 171 oak trees subject to the Los Angeles County Oak Tree Ordinance were surveyed within the

Landmark Village Planning Area, which includes the Landmark Village VTTM 53108, all proposed

grading limits (including access roads, infrastructure, bank stabilization, and the borrow site), and the

area within 200 feet of the grading limit line (see attached maps). Of the 171 oak trees surveyed, a total of

65 (34% of all trees surveyed) oak trees will be removed, 10 of which are considered heritage trees under

Los Angeles County Oak Tree Ordinance. A total of 8 oak trees may be encroached (i.e., impacted) by

proposed grading and construction activities. A total of 98 oak trees occur within 200 feet from the

grading limit line, none of which would be removed or encroached upon by construction related

activities (See attached VTTM 53108 Oak Tree Exhibit). Table 2 (below) lists the type of project-related

activity that would result in removal or encroachments for each tree occurring within the development

impact area of Landmark Village.

Table 2
Type of Project-Related Impact Proposed on Each Oak Tree

Tree
Number

Type of
Impact Type of Project-Related Impact

51 Removal Adobe Borrow Site Grading

64 Removal Adobe Borrow Site Grading

81 Removal State Route 126 Widening

83 Removal State Route 126 Widening

84 Removal Utility Corridor – Chiquito Canyon Road

87 Removal State Route 126 Widening

92 Encroachment Valencia Commerce Center Water Tank Grading

93 Removal Valencia Commerce Center Water Tank Grading

95 Removal Valencia Commerce Center Water Tank Grading

98 Encroachment Valencia Commerce Center Water Tank Grading

99 Encroachment Valencia Commerce Center Water Tank Grading

249 Removal Adobe Borrow Site Grading

337 Removal Adobe Borrow Site Grading

338 Removal Adobe Borrow Site Grading

339 Removal Adobe Borrow Site Grading

340 Removal Adobe Borrow Site Grading

341 Removal Adobe Borrow Site Grading
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Tree
Number

Type of
Impact Type of Project-Related Impact

342 Removal Adobe Borrow Site Grading

343 Removal Adobe Borrow Site Grading

344 Removal Adobe Borrow Site Grading

345 Removal Adobe Borrow Site Grading

346 Removal Adobe Borrow Site Grading

347 Removal Adobe Borrow Site Grading

348 Removal Adobe Borrow Site Grading

351 Removal Adobe Borrow Site Grading

352 Removal Adobe Borrow Site Grading

354 Removal Bank Stabilization – South Bank Santa Clara River

355 Removal Bank Stabilization – South Bank Santa Clara River

356 Removal Bank Stabilization – South Bank Santa Clara River

357 Removal Bank Stabilization – South Bank Santa Clara River

396 Removal Utility Corridor

397 Removal Bank Stabilization – Chiquito Canyon Creek

398 Removal Bank Stabilization – Chiquito Canyon Creek

400 Removal State Route 126 Widening

401 Removal State Route 126 Widening

492 Removal
North Grading Area – Chiquito Canyon Road

Realignment

498 Encroachment
North Gorading Area – Chiquito Canyon Road

Realignment

503 Encroachment
North Grading Area – Chiquito Canyon Road

Realignment

585 Encroachment
North Grading Area – Chiquito Canyon Road

Realignment

592 Removal
North Grading Area – Chiquito Canyon Road

Realignment

594 Removal Adobe Borrow Site Grading

1587 Removal Bank Stabilization – South Bank Santa Clara River

1588 Removal Bank Stabilization – South Bank Santa Clara River

1589 Removal Bank Stabilization – South Bank Santa Clara River

1590 Removal Bank Stabilization – South Bank Santa Clara River

1591 Removal Bank Stabilization – South Bank Santa Clara River

1592 Removal Bank Stabilization – South Bank Santa Clara River
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Tree
Number

Type of
Impact Type of Project-Related Impact

1594 Removal Bank Stabilization – South Bank Santa Clara River

1596 Removal Bank Stabilization – South Bank Santa Clara River

1597 Removal Bank Stabilization – South Bank Santa Clara River

1598 Removal Bank Stabilization – South Bank Santa Clara River

1605 Removal Bank Stabilization – South Bank Santa Clara River

1606 Removal Bank Stabilization – South Bank Santa Clara River

1607 Removal Bank Stabilization – South Bank Santa Clara River

1608 Removal Bank Stabilization – South Bank Santa Clara River

1609 Removal Bank Stabilization – South Bank Santa Clara River

1610 Removal Bank Stabilization – South Bank Santa Clara River

1612 Removal Bank Stabilization – South Bank Santa Clara River

1613 Removal Bank Stabilization – South Bank Santa Clara River

1614 Encroachment Bank Stabilization – South Bank Santa Clara River

3073 Removal Bank Stabilization – South Bank Santa Clara River

4003 Removal Utility Corridor – Chiquito Canyon Road

4007 Encroachment Utility Corridor – Franklin Parkway

4016 Removal Adobe Borrow Site Grading

4017 Removal Adobe Borrow Site Grading

4018 Removal Valencia Commerce Center Water Tank Grading

4019 Removal Bank Stabilization – South Bank Santa Clara River

4021 Removal Bank Stabilization – South Bank Santa Clara River

4022 Removal Valencia Commerce Center Water Tank Grading

4054 Removal Adobe Borrow Site Grading

4055 Removal Adobe Borrow Site Grading

4056 Removal Adobe Borrow Site Grading

4080 Removal Utility Corridor – Franklin Parkway

To reduce the permanent loss of mature oak trees and the habitat they provide to indigenous plant and

animal species, as well as migrating birds, Newhall Land and Farming has retained Richard Johnson and

Associates to develop boxing, planting, and maintenance procedures for candidate trees for relocation

within the Newhall Ranch Specific Plan boundary. A total of 21 oak trees were identified as candidates

for relocation to undisturbed open space areas within the Specific Plan boundary (Table 3). Attached to
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this report as Appendix B are Richard Johnson and Associates’ Boxing Specifications and

Recommendations for transplanting and maintaining trees selected for relocation.

Table 3
Oak Trees Proposed for Relocation within the Specific Plan Boundary

Oak Species Oak Tree Tag Number

Quercus agrifolia 83, 84, 249, 337, 339, 340, 341, 342, 344, 347,
348, 351, 354, 355, 1588, 1590, 3073, 4018,
4022

Quercus lobata 1587

Quercus x macdonaldii 64

5.0 CONCLUSION

A total of 73 oak trees would be either removed or potentially encroached upon from construction-related

activities; therefore, these 73 trees would require an oak tree permit from the County of Los Angeles.

6.0 SUGGESTED MITIGATION MEASURES

Pursuant to Section 22.56.2090 of the Los Angeles County Oak Tree Ordinance, the following mitigation

measures are proposed to preserve and protect the oak trees addressed in this report. These mitigation

and maintenance measures are suggested to mitigate the loss and impacts to 73 oak trees and to preserve

and protect the remaining oak trees on the site, including those that would be relocated.

MM-1 Replacement Trees

 Consistent with the Newhall Ranch Specific Plan, oak trees removed or damaged shall be replaced by a tree of
the same species at a ratio of 2:1.

 All replacement trees shall be at least a 15-gallon specimen in size and measure 1 inch or more in diameter, as
measured from 1 foot above the base. Free-form trees with multiple stems are permissible; the combined diameter
of the two largest stems of such trees shall measure a minimum of 1 inch in diameter, as measured 1 foot above
the base. Replacement trees shall consist exclusively of indigenous oak trees and be certified as being grown
from a seed source collected in Los Angeles or Ventura Counties.

MM-2 Protective Fencing

A plan shall be developed for protecting oak trees on the subject property during and after development.

This plan shall be approved by the Forestry Division of the County of Los Angeles.
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 Equipment damage to limbs, trunks, and roots of all remaining trees shall be avoided during project
construction and development. Even slight trunk injuries can result in susceptibility to long-term pathogenic
maladies.

 Protective fencing not less than four feet in height shall be placed at the limits of the protective zone of any
individual oak tree or dense stand of oak trees within 200 feet of the grading limits, and shall be inspected by the
forester and/or fire warden prior to commencement of any activity on the subject property, and shall remain in
place until construction is completed.

MM-3 Grading Restrictions near Protective Zones

Care must be taken to limit grade changes near the protective zone of an oak tree. Grade changes can lead

to plant stress from oxygen deprivation or oak root fungus at the root collar of oaks. Minor grade changes

further from the trunk are not as critical but can negatively affect the health of the tree if not carefully

monitored by a County-approved certified arborist.

 The grade shall not be lowered or raised around the trunks (i.e., within the protective zone) of any oak tree
without the approval of the Los Angeles County forester or a County-certified arborist. A certified arborist shall
supervise all excavation or grading proposed within the protective zone of a tree.

 Trenching, excavation, or clearance of vegetation within the protective zone of an oak tree shall be accomplished
by the use of hand tools or small hand-held power tools. Any major roots encountered shall be conserved to the
greatest extent possible and treated as recommended by the certified arborist.

 No utility trenches shall be routed within the protective zone of an oak tree unless no feasible alternative
locations are available, and shall be approved by the County forester.

MM-4 Equipment Storage

 No storage of equipment, supplies, vehicles, or debris shall be permitted within the protective zone of an oak
tree.

 No dumping of construction wastewater, paint, stucco, concrete, or any other clean-up waste shall occur within
the protective zone of an oak tree.

 No temporary structures shall be placed within the protective zone of any remaining oak tree.

MM-5 Maintenance

Healthy trees, if not maintained, often grow beyond their ability to support themselves and fail at their

most naturally occurring weak point. This is typically at a branch union at or near the main crotch of the

tree. Weight-reduction pruning and/or cabling is important in any tree preservation program. Pruning of

oak trees within residential neighborhoods is recommended every four to six years, based on a County-

certified arborist’s determination.
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 Pruning of replacement oak trees and preserved oak trees shall include the removal of dead wood, stubs, and
medium pruning of branches 2 inches in diameter or less.

 Pruning of replacement oak trees and preserved oak trees shall be in accordance with the guidelines published by
the National Arborist Association. In no case shall more than 20 percent of the tree canopy of any oak tree be
removed. Cuts over 2 inches in diameter shall require a pruning permit from the County. After pruning,
installation of support cables to prevent future main crotch failures may be necessary based on a County-
certified arborist’s determination.

 All replacement oak trees shall be maintained in accordance with the principles set forth in the publication, Oak
Trees: Care and Maintenance prepared by the Forestry Division of the County of Los Angeles.

 A two-year maintenance period shall begin upon the start of planting the replacement trees. All replacement
trees failing to survive within this period shall be replaced. A new two-year maintenance period shall start for
each tree that failed to survive and required a replacement tree to be planted.

MM-6 Frequency of Watering

Care should be taken to avoid placing any irrigation devices within watering distance of the protected

zone of oak trees. Too much moisture near the base of an oak tree is generally believed to be the leading

cause of death of oak trees in residential settings, and oak root fungus can occur as a result of over

watering. Oak trees survive and thrive on annual rainfall alone and generally do not require

supplemental irrigation except during periods of extreme drought or for establishment of newly planted

trees (i.e., replacement trees).

 Irrigation water shall not reach within 15 feet of any oak trunk.

 Neither grass nor ground covers shall be planted under the canopy of oak trees.

MM-7 Control of Diseases and Pests

Oak trees generally have an acceptable level of common insect pests. During the visual inspection of the

trees assessed, no evidence of sudden oak death (Phytophthora ramorum) or bleeding canker (Phytophthora

cactorum) was observed. However, oak wilt fungus (Ceratocystis fagacearum) was observed on two trees on

the project site. The parasite, mistletoe (Phoradendron villosum ssp. villosum), is a common threat to oak

trees; however, despite the negative effect mistletoe has on its tree hosts, both mistletoe and oaks are

native to California and have co-existed and co-evolved for hundreds of years. Mistletoe was observed on

several of the oak trees surveyed.

 A County-certified arborist shall evaluate the effects of mistletoe, pathogens, and insect pests on the remaining
preserved and planted oak trees periodically (about every five to seven years), in addition to the overall health
and structural integrity of the trees, to ensure longevity of remaining oak trees.
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MM-8 Construction Monitoring

Damage to remaining trees must be avoided by workers and equipment during construction activities.

 A qualified biologist or County-certified arborist shall monitor on-site construction and grading activities
occurring near all identified oak tree protection zones to ensure that damage to oak trees does not occur.

 Prior to initiation of construction activities, the qualified biologist or County-certified arborist shall schedule a
field meeting to inform personnel (involved in construction) where all protective zones are located and the
importance of avoiding encroachment within the protective zones.
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Appendix A - Landmark Village Project Oak Tree Survey Data

Tree Number 4 8 9 10 13 14 15 16 17 18 19 20 21 22
Species

Coast Live Oak X X X X X X X X X X X X X X
Valley Oak
Scrub Oak
McDonald's Oak

Heritage Oak

Trunk Diameter
25,20,1

2,11
26,17,8 19,11 22, 16 24 25 12,8,6,6 17

20,18,1
5,11

20 22 22 30 17

Tree Height 40 30 37 30 35 32 28 32 27 26 19 30 28 25
Canopy North 33 26 27 18 24 10 15 32 16 20 2 18 15 15
Canopy West 29 25 30 25 22 18 20 12 20 18 15 22 5 18
Canopy South 30 27 28 11 28 19 12 13 28 23 3 15 0 3
Canopy East 31 21 22 14 26 17 18 26 19 17 2 15 10 6
Tree Declining X X X
Broken/Dead Limbs X X X X X
Sparse Foliage X X X X
Excessive Chlorosis/Necrosis X
Mainstem Dieback
Poor Tip Growth X X X
Cavity X X X X
Weak Crotch X
Hollow Trunk X
Trunk Exudation
Regrown Stump
Exfoliating Bark X X X
Insect Damage X X X
Diseased X
Mistletoe
Leaning X X X
Excessive Water Shoots X
Surface Roots
Fire Damage X X X
Safety Prune X X
Remove Deadwood
Cable/Brace X
Vigor A B B D D C C B B A D C C B
Health A B B D D C C B A A D C C B
Aesthetics A B B D D D C C B A D C D B
Balance A C A D D C C D B B D D D D

C
om

m
en

ts NT. NT. NT.
BH.

NT. NT. NT. NT. NT. NT.

R
at

in
g

T
re

e
C

ha
ra

ct
er

is
ti

cs
M

ea
su

re
s

P
hy

si
ca

lC
on

di
ti

on

Key for Comments:
BH = Bee Hive in Tree
DE = Data Estimated
NA = Not Accessable
NT = Not Transplantable
NTg = Not Tagged
LHB = Low Horizontal Branching 26
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Tree Number
Species

Coast Live Oak
Valley Oak
Scrub Oak
McDonald's Oak

Heritage Oak

Trunk Diameter
Tree Height
Canopy North
Canopy West
Canopy South
Canopy East
Tree Declining
Broken/Dead Limbs
Sparse Foliage
Excessive Chlorosis/Necrosis
Mainstem Dieback
Poor Tip Growth
Cavity
Weak Crotch
Hollow Trunk
Trunk Exudation
Regrown Stump
Exfoliating Bark
Insect Damage
Diseased
Mistletoe
Leaning
Excessive Water Shoots
Surface Roots
Fire Damage
Safety Prune
Remove Deadwood
Cable/Brace
Vigor
Health
Aesthetics
Balance

C
om

m
en

ts
R

at
in

g
T

re
e

C
ha

ra
ct

er
is

ti
cs

M
ea

su
re

s
P

hy
si

ca
lC

on
di

ti
on

24 25 26 51 60 61 63 64 81 83 84 87 90 91

X X X X X X X X X X X
X

X
X

X X X

19 16 19 30
6,6,5,5,

4
12,3 18,24 12 52,14 38,15 16,14 51 27

15,13,7,
7

17 32 22 42 16 20 47 28 20 39 21 50 28 40
15 27 7 30 13 19 33 18 0 30 16 30 19 22
17 24 7 28 13 22 32 20 0 34 15 29 16 23
6 19 0 28 15 13 33 22 0 29 15 31 16 21
11 8 2 30 14 9 30 18 0 32 12 29 18 22
X X X X

X X
X X X
X X X X

X
X X X

X X X

X

X X X X X X
X X X X

X
X X

X X X

D C E A A C A B F B B D D B
D C E B A C A A F B A D D B
D C E A B C A B F B B C C B
D C E B B C C B F B B B C B

NT. NT. NT. Permit
not
needed.

NT.
BH.

Key for Comments:
BH = Bee Hive in Tree
DE = Data Estimated
NA = Not Accessable
NT = Not Transplantable
NTg = Not Tagged
LHB = Low Horizontal Branching 27



Appendix A - Landmark Village Project Oak Tree Survey Data

Tree Number
Species

Coast Live Oak
Valley Oak
Scrub Oak
McDonald's Oak

Heritage Oak

Trunk Diameter
Tree Height
Canopy North
Canopy West
Canopy South
Canopy East
Tree Declining
Broken/Dead Limbs
Sparse Foliage
Excessive Chlorosis/Necrosis
Mainstem Dieback
Poor Tip Growth
Cavity
Weak Crotch
Hollow Trunk
Trunk Exudation
Regrown Stump
Exfoliating Bark
Insect Damage
Diseased
Mistletoe
Leaning
Excessive Water Shoots
Surface Roots
Fire Damage
Safety Prune
Remove Deadwood
Cable/Brace
Vigor
Health
Aesthetics
Balance

C
om

m
en

ts
R

at
in

g
T

re
e

C
ha

ra
ct

er
is

ti
cs

M
ea

su
re

s
P

hy
si

ca
lC

on
di

ti
on

92 93 96 97 98 99 100 101 102 103 247 248 249 250

X X X X X X X X X X X X X X

X

18,10 17 8,6,6,5 39 23,22 15
19,13,8,

6
14,10,5 13,4

17,14,1
4,4

30,12,7
16,11,1

3,12
21,20,1

5,11
23,16,1

5,14

32 32 30 55 42 22 41 32 37 40 43 38 47 35
20 15 12 41 30 15 26 25 25 25 29 28 28 20
18 17 15 40 27 10 26 22 26 29 30 25 29 21
20 20 14 40 18 11 29 21 27 25 29 27 27 25
17 21 15 36 21 11 28 20 24 27 27 29 26 25

X X
X

X
X X X X

X

X

X X X X
X X
X
X X

B A A C C B A B B B B A A A
B A B B C B A B B B B A A A
B B B B B B A B B B A B A B
B B A A C B A A C B B A A B

LHB.

Key for Comments:
BH = Bee Hive in Tree
DE = Data Estimated
NA = Not Accessable
NT = Not Transplantable
NTg = Not Tagged
LHB = Low Horizontal Branching 28
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Tree Number
Species

Coast Live Oak
Valley Oak
Scrub Oak
McDonald's Oak

Heritage Oak

Trunk Diameter
Tree Height
Canopy North
Canopy West
Canopy South
Canopy East
Tree Declining
Broken/Dead Limbs
Sparse Foliage
Excessive Chlorosis/Necrosis
Mainstem Dieback
Poor Tip Growth
Cavity
Weak Crotch
Hollow Trunk
Trunk Exudation
Regrown Stump
Exfoliating Bark
Insect Damage
Diseased
Mistletoe
Leaning
Excessive Water Shoots
Surface Roots
Fire Damage
Safety Prune
Remove Deadwood
Cable/Brace
Vigor
Health
Aesthetics
Balance

C
om

m
en

ts
R

at
in

g
T

re
e

C
ha

ra
ct

er
is

ti
cs

M
ea

su
re

s
P

hy
si

ca
lC

on
di

ti
on

318 319 320 321 322 323 324 325 326 328 329 330 331 332

X X X X X X X X X X X X X X

X X X X
18,21,1

4
16 30,15 19,11

17,17,1
6,16,9

25
10,11,1

6
27,13 55 39,7 42,11 32,32 39

25,22,1
7,8

55 20 53 24 50 35 35 38 65 50 50 60 25 37
29 1 31 33 27 27 1 31 38 12 24 38 30 26
31 24 30 11 29 26 27 30 37 15 26 38 14 28
30 32 43 2 28 25 30 28 39 32 21 40 2 33
30 8 32 30 28 27 27 32 43 29 30 40 7 20

X
X X

X X

X X X X X X

X X
X

X

X

X X

X
A C B B B B B A A B B A B A
A C B B B A B A A C B A B B
A D B C B A B A A C D A D B
A D B D B B B A B D C A D C

NT. NT. IP. NT. NT. NT. NT. NT. NT. NT. NT. NT. IP. NT. NT. NT.
Tagged
on south
side.

Key for Comments:
BH = Bee Hive in Tree
DE = Data Estimated
NA = Not Accessable
NT = Not Transplantable
NTg = Not Tagged
LHB = Low Horizontal Branching 29
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Tree Number
Species

Coast Live Oak
Valley Oak
Scrub Oak
McDonald's Oak

Heritage Oak

Trunk Diameter
Tree Height
Canopy North
Canopy West
Canopy South
Canopy East
Tree Declining
Broken/Dead Limbs
Sparse Foliage
Excessive Chlorosis/Necrosis
Mainstem Dieback
Poor Tip Growth
Cavity
Weak Crotch
Hollow Trunk
Trunk Exudation
Regrown Stump
Exfoliating Bark
Insect Damage
Diseased
Mistletoe
Leaning
Excessive Water Shoots
Surface Roots
Fire Damage
Safety Prune
Remove Deadwood
Cable/Brace
Vigor
Health
Aesthetics
Balance

C
om

m
en

ts
R

at
in

g
T

re
e

C
ha

ra
ct

er
is

ti
cs

M
ea

su
re

s
P

hy
si

ca
lC

on
di

ti
on

333 334 335 336 337 338 339 340 341 342 343 344 345 346

X X X X X X X X X X X X X X

X X

29 24
24,21,2

3
12,12,1

0,7
17,19 47 29 25 14

17,19,1
2,6

7 22,47 34,13 29

30 37 40 17 45 21 45 48 42 40 18 37 57 34
25 21 27 15 25 22 30 28 8 22 1 28 29 29
25 26 25 12 28 12 28 27 11 30 6 32 33 30
17 23 28 15 25 13 27 18 11 27 14 29 34 30
25 22 23 17 27 44 28 26 22 24 8 30 28 28

X
X X X
X

X

X X X X X

X X

X X
X X X

X

X

B A B B B D A A B A B B A C
B B B B B D A A B A B B C C
B A B B A D A A C A C B C B
A B B A A D A A C A C B C C

BH.

Key for Comments:
BH = Bee Hive in Tree
DE = Data Estimated
NA = Not Accessable
NT = Not Transplantable
NTg = Not Tagged
LHB = Low Horizontal Branching 30
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Tree Number
Species

Coast Live Oak
Valley Oak
Scrub Oak
McDonald's Oak

Heritage Oak

Trunk Diameter
Tree Height
Canopy North
Canopy West
Canopy South
Canopy East
Tree Declining
Broken/Dead Limbs
Sparse Foliage
Excessive Chlorosis/Necrosis
Mainstem Dieback
Poor Tip Growth
Cavity
Weak Crotch
Hollow Trunk
Trunk Exudation
Regrown Stump
Exfoliating Bark
Insect Damage
Diseased
Mistletoe
Leaning
Excessive Water Shoots
Surface Roots
Fire Damage
Safety Prune
Remove Deadwood
Cable/Brace
Vigor
Health
Aesthetics
Balance

C
om

m
en

ts
R

at
in

g
T

re
e

C
ha

ra
ct

er
is

ti
cs

M
ea

su
re

s
P

hy
si

ca
lC

on
di

ti
on

347 348 349 350 351 352 354 355 356 357 390 391 392 393

X X X X X X X X X X X X X X

X X X

28
17,11,8,

8
36

17,11,1
1,10

25 63
30,18,1

5
35 16 53 14 14 19 19

41 22 32 30 21 50 35 39 24 40 38 38 41 33
21 15 16 18 16 45 25 28 0 30 20 27 30 15
20 12 25 17 18 40 30 25 10 31 10 10 12 30
22 16 27 22 15 43 21 23 32 37 10 7 13 12
23 20 25 20 17 55 26 22 10 29 8 19 12 14

X

X

X

X

X
X

X X

X
B A A B B A B B B C B B B B
A A A B B A B B B C B B B B
A A A B B A A A C B C B B B
A B B B B A A A D B C C C C

LHB.

Key for Comments:
BH = Bee Hive in Tree
DE = Data Estimated
NA = Not Accessable
NT = Not Transplantable
NTg = Not Tagged
LHB = Low Horizontal Branching 31
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Tree Number
Species

Coast Live Oak
Valley Oak
Scrub Oak
McDonald's Oak

Heritage Oak

Trunk Diameter
Tree Height
Canopy North
Canopy West
Canopy South
Canopy East
Tree Declining
Broken/Dead Limbs
Sparse Foliage
Excessive Chlorosis/Necrosis
Mainstem Dieback
Poor Tip Growth
Cavity
Weak Crotch
Hollow Trunk
Trunk Exudation
Regrown Stump
Exfoliating Bark
Insect Damage
Diseased
Mistletoe
Leaning
Excessive Water Shoots
Surface Roots
Fire Damage
Safety Prune
Remove Deadwood
Cable/Brace
Vigor
Health
Aesthetics
Balance

C
om

m
en

ts
R

at
in

g
T

re
e

C
ha

ra
ct

er
is

ti
cs

M
ea

su
re

s
P

hy
si

ca
lC

on
di

ti
on

396 397 398 400 401 404 405 410 414 415 417 422 425 426

X X X X X X X X X X X X X X

X
26,13,1

3,11
16 16 26

33,25,1
1,7

23 18,4 41 30 15 24 8,3,2,2
14,14,1

4
13,21,1

8

40 38 28 39 43 50 47 46 30 25 30 25 42 40
35 5 20 28 30 28 1 21 15 10 11 9 20 28
28 17 19 27 30 34 17 33 15 21 16 16 27 30
26 21 15 25 33 20 42 38 21 27 21 15 27 33
39 21 3 27 36 24 12 20 40 11 15 6 17 30

X
X

X X X

X

X
X

A A A A B B B B B B B B A A
A A A A B B B A B A A A A A
B B B A A B B B C C C C A A
B C C A B B B B D C C B B B

LHB. Tag on
west
side of
trunk.

Tagged
on south
side.

Key for Comments:
BH = Bee Hive in Tree
DE = Data Estimated
NA = Not Accessable
NT = Not Transplantable
NTg = Not Tagged
LHB = Low Horizontal Branching 32
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Tree Number
Species

Coast Live Oak
Valley Oak
Scrub Oak
McDonald's Oak

Heritage Oak

Trunk Diameter
Tree Height
Canopy North
Canopy West
Canopy South
Canopy East
Tree Declining
Broken/Dead Limbs
Sparse Foliage
Excessive Chlorosis/Necrosis
Mainstem Dieback
Poor Tip Growth
Cavity
Weak Crotch
Hollow Trunk
Trunk Exudation
Regrown Stump
Exfoliating Bark
Insect Damage
Diseased
Mistletoe
Leaning
Excessive Water Shoots
Surface Roots
Fire Damage
Safety Prune
Remove Deadwood
Cable/Brace
Vigor
Health
Aesthetics
Balance

C
om

m
en

ts
R

at
in

g
T

re
e

C
ha

ra
ct

er
is

ti
cs

M
ea

su
re

s
P

hy
si

ca
lC

on
di

ti
on

427 429 430 431 432 436 439 441 443 448 449 450 451 452

X X X X X X X X X X X X X X

X X

20,26,7 17,18
8,8,4,4,

3
38 18 27 19,6,17

8,7,7,3,
2

32
15,16,2

0
33,19,2

1,24
15,13,9,

9
37 23,26

40 40 22 45 47 41 24 18 38 38 35 29 49 45
26 26 18 28 20 31 12 15 32 31 25 26 32 30
27 28 15 24 23 30 13 17 32 30 28 25 27 28
27 28 6 35 20 29 18 8 30 32 42 16 26 25
26 27 8 36 20 29 16 5 35 33 27 17 29 30
X

X

X X

X

X

D B B B A B A B B A B A A A
D B A B A B A A B A A A A A
C A C A B B A B B A C A A A
C B B B A A A B B A D A A A

Trunk
growing
around
tag.

Numero
us
trunks.

Located
in wash.

Key for Comments:
BH = Bee Hive in Tree
DE = Data Estimated
NA = Not Accessable
NT = Not Transplantable
NTg = Not Tagged
LHB = Low Horizontal Branching 33
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Tree Number
Species

Coast Live Oak
Valley Oak
Scrub Oak
McDonald's Oak

Heritage Oak

Trunk Diameter
Tree Height
Canopy North
Canopy West
Canopy South
Canopy East
Tree Declining
Broken/Dead Limbs
Sparse Foliage
Excessive Chlorosis/Necrosis
Mainstem Dieback
Poor Tip Growth
Cavity
Weak Crotch
Hollow Trunk
Trunk Exudation
Regrown Stump
Exfoliating Bark
Insect Damage
Diseased
Mistletoe
Leaning
Excessive Water Shoots
Surface Roots
Fire Damage
Safety Prune
Remove Deadwood
Cable/Brace
Vigor
Health
Aesthetics
Balance

C
om

m
en

ts
R

at
in

g
T

re
e

C
ha

ra
ct

er
is

ti
cs

M
ea

su
re

s
P

hy
si

ca
lC

on
di

ti
on

453 454 455 458 459 485 487 488 489 490 491 492 498 499

X X X X X X X X X X X X X X

X X X X X X X

36
17,16,1

5,25
28,27,2
9,20,15

53 17 25 36,26 52 42 20 56 67
30,30,9,

5,5,4
15,3

45 35 25 40 29 40 48 65 52 40 46 50 35 25
30 28 30 27 20 30 30 45 35 20 40 40 29 8
28 29 25 26 18 32 36 40 35 25 31 32 21 11
29 35 30 22 25 30 26 42 35 21 40 50 27 15
32 28 18 30 18 21 32 45 45 5 43 36 21 14
X X X X

X X X

X X X X

X

X X X X
X X X X

C B A B B B A C A D B B D D
C B A A B B A B A C B B D D
B B A B B B A B A D B B D D
A B A C A B B A A D A A C C

Located
on toe
of slope.

Excess
water
sprouts.

Key for Comments:
BH = Bee Hive in Tree
DE = Data Estimated
NA = Not Accessable
NT = Not Transplantable
NTg = Not Tagged
LHB = Low Horizontal Branching 34



Appendix A - Landmark Village Project Oak Tree Survey Data

Tree Number
Species

Coast Live Oak
Valley Oak
Scrub Oak
McDonald's Oak

Heritage Oak

Trunk Diameter
Tree Height
Canopy North
Canopy West
Canopy South
Canopy East
Tree Declining
Broken/Dead Limbs
Sparse Foliage
Excessive Chlorosis/Necrosis
Mainstem Dieback
Poor Tip Growth
Cavity
Weak Crotch
Hollow Trunk
Trunk Exudation
Regrown Stump
Exfoliating Bark
Insect Damage
Diseased
Mistletoe
Leaning
Excessive Water Shoots
Surface Roots
Fire Damage
Safety Prune
Remove Deadwood
Cable/Brace
Vigor
Health
Aesthetics
Balance

C
om

m
en

ts
R

at
in

g
T

re
e

C
ha

ra
ct

er
is

ti
cs

M
ea

su
re

s
P

hy
si

ca
lC

on
di

ti
on

501 502 503 565 566 567 568 569 572 573 576 579 580 581

X X X X X X X X X X X X X X

X X

9,5 12 41,27 45 29 35
14,15,1
7,10,5

32
12,12,1
4,34,22

7,6,5,5,
6,5

6,6,5,4,
4

15,3,3,1
,4,4

7,5,4,4 8,6

25 25 38 37 29 28 35 43 20 20 19 25 18 18
12 15 32 22 23 22 29 33 16 8 12 12 10 8
17 15 29 20 27 10 20 38 25 11 16 11 6 11
18 16 33 30 20 25 26 40 27 16 18 12 12 10
15 6 37 27 23 25 32 32 25 16 6 10 9 7

X X

X

X X

X X

A B B D B D B B C A B C A B
A B B D B D A B C A A C A A
A B B D B C B B B A C B A B
A C B C B C B B B A B D A B

Mistle
toe.

Soil
build up
at base.

Multiple
trunks.

Key for Comments:
BH = Bee Hive in Tree
DE = Data Estimated
NA = Not Accessable
NT = Not Transplantable
NTg = Not Tagged
LHB = Low Horizontal Branching 35



Appendix A - Landmark Village Project Oak Tree Survey Data

Tree Number
Species

Coast Live Oak
Valley Oak
Scrub Oak
McDonald's Oak

Heritage Oak

Trunk Diameter
Tree Height
Canopy North
Canopy West
Canopy South
Canopy East
Tree Declining
Broken/Dead Limbs
Sparse Foliage
Excessive Chlorosis/Necrosis
Mainstem Dieback
Poor Tip Growth
Cavity
Weak Crotch
Hollow Trunk
Trunk Exudation
Regrown Stump
Exfoliating Bark
Insect Damage
Diseased
Mistletoe
Leaning
Excessive Water Shoots
Surface Roots
Fire Damage
Safety Prune
Remove Deadwood
Cable/Brace
Vigor
Health
Aesthetics
Balance

C
om

m
en

ts
R

at
in

g
T

re
e

C
ha

ra
ct

er
is

ti
cs

M
ea

su
re

s
P

hy
si

ca
lC

on
di

ti
on

585 586 587 592 593 594 1587 1588 1589 1590 1591 1592 1594 1596

X X X X X X X X X
X X X X

X

X

32,42 31 12,6,7,7
21,14,1

0,7
18

7,7,5,5,
4

16 25 31 25,20 10 13 12 11

40 40 20 23 30 17 37 40 37 48 32 37 19 20
0 30 10 35 21 13 17 27 17 27 1 24 8 15
0 34 14 22 20 17 16 21 34 38 18 15 12 5
0 35 12 17 20 16 19 23 36 14 16 23 14 6
0 30 12 16 26 17 18 17 28 30 2 12 8 10
X

X X

X
X

X

F A A C A B B B B A B B C C
F A A C A B B A A A B B C B
F A B D B B B A B A C B C C
F B A D B B B B B B C B C C

Permit
not
needed.

Located
on slide.

Key for Comments:
BH = Bee Hive in Tree
DE = Data Estimated
NA = Not Accessable
NT = Not Transplantable
NTg = Not Tagged
LHB = Low Horizontal Branching 36



Appendix A - Landmark Village Project Oak Tree Survey Data

Tree Number
Species

Coast Live Oak
Valley Oak
Scrub Oak
McDonald's Oak

Heritage Oak

Trunk Diameter
Tree Height
Canopy North
Canopy West
Canopy South
Canopy East
Tree Declining
Broken/Dead Limbs
Sparse Foliage
Excessive Chlorosis/Necrosis
Mainstem Dieback
Poor Tip Growth
Cavity
Weak Crotch
Hollow Trunk
Trunk Exudation
Regrown Stump
Exfoliating Bark
Insect Damage
Diseased
Mistletoe
Leaning
Excessive Water Shoots
Surface Roots
Fire Damage
Safety Prune
Remove Deadwood
Cable/Brace
Vigor
Health
Aesthetics
Balance

C
om

m
en

ts
R

at
in

g
T

re
e

C
ha

ra
ct

er
is

ti
cs

M
ea

su
re

s
P

hy
si

ca
lC

on
di

ti
on

1597 1598 1599 1600 1601 1602 1605 1606 1607 1608 1609 1610 1611 1612

X X X X X X X X X X X X X
X

X

45 21 15,15 17,4,3 10,8 9,11 12 32 15 14 22 11,11 9 13,10

55 25 32 33 26 35 40 45 32 42 40 30 21 23
40 18 20 22 5 15 18 25 15 17 20 17 12 15
35 16 15 24 15 19 16 27 18 15 25 18 13 11
35 21 10 23 15 23 15 21 15 18 24 15 8 16
35 16 10 26 8 14 15 23 16 15 23 17 10 12

X
X

X
X X

X

X

A C C B C B C B C B B B B A
A B B C B C B B B B B B B B
A C C C C C B B B B B B C B
A C B B C C B A B B B B B B

NT. NT. NT.

Key for Comments:
BH = Bee Hive in Tree
DE = Data Estimated
NA = Not Accessable
NT = Not Transplantable
NTg = Not Tagged
LHB = Low Horizontal Branching 37



Appendix A - Landmark Village Project Oak Tree Survey Data

Tree Number
Species

Coast Live Oak
Valley Oak
Scrub Oak
McDonald's Oak

Heritage Oak

Trunk Diameter
Tree Height
Canopy North
Canopy West
Canopy South
Canopy East
Tree Declining
Broken/Dead Limbs
Sparse Foliage
Excessive Chlorosis/Necrosis
Mainstem Dieback
Poor Tip Growth
Cavity
Weak Crotch
Hollow Trunk
Trunk Exudation
Regrown Stump
Exfoliating Bark
Insect Damage
Diseased
Mistletoe
Leaning
Excessive Water Shoots
Surface Roots
Fire Damage
Safety Prune
Remove Deadwood
Cable/Brace
Vigor
Health
Aesthetics
Balance

C
om

m
en

ts
R

at
in

g
T

re
e

C
ha

ra
ct

er
is

ti
cs

M
ea

su
re

s
P

hy
si

ca
lC

on
di

ti
on

1613 1614 1618 1620 1621 2251 2278 2279 2428 3073 4003 4007 4009 4016

X X X X X X X X X X X X X

X

X
16,13,9,

8
11,7 12 12 12 20,14 24 23 7.5 13

65,7,12,
6

6,6,5,5,
4

13
8,6,4,4,

3

30 27 21 40 30 37 40 37 20 30 22 23 25 16
15 15 15 20 15 22 24 21 10 8 12 12 16 13
15 20 10 22 10 23 28 29 12 14 30 12 16 19
10 15 12 25 11 27 10 33 12 16 17 13 17 8
12 16 10 22 15 17 25 30 4 12 12 11 17 5

X

X
X

X
X

X

X

X

X

B B B B B A B B D B D B B B
B B B B B A B B D A B C A A
B B B B B B B A D B C B B B
B B B B B B B B B B C B B B

NT. NT. NT. NT. NT. Main
trunk is
nearly
dead.

Multiple
trunks.

Key for Comments:
BH = Bee Hive in Tree
DE = Data Estimated
NA = Not Accessable
NT = Not Transplantable
NTg = Not Tagged
LHB = Low Horizontal Branching 38



Appendix A - Landmark Village Project Oak Tree Survey Data

Tree Number
Species

Coast Live Oak
Valley Oak
Scrub Oak
McDonald's Oak

Heritage Oak

Trunk Diameter
Tree Height
Canopy North
Canopy West
Canopy South
Canopy East
Tree Declining
Broken/Dead Limbs
Sparse Foliage
Excessive Chlorosis/Necrosis
Mainstem Dieback
Poor Tip Growth
Cavity
Weak Crotch
Hollow Trunk
Trunk Exudation
Regrown Stump
Exfoliating Bark
Insect Damage
Diseased
Mistletoe
Leaning
Excessive Water Shoots
Surface Roots
Fire Damage
Safety Prune
Remove Deadwood
Cable/Brace
Vigor
Health
Aesthetics
Balance

C
om

m
en

ts
R

at
in

g
T

re
e

C
ha

ra
ct

er
is

ti
cs

M
ea

su
re

s
P

hy
si

ca
lC

on
di

ti
on

4017 4018 4019 4021 4022 4025 4026 4027 4028 4029 4030 4031 4032 4033

X X X X X X X X X X X X X

X

8,7,6,4,
5

8 10,17 8 7,6,4 8 8 30 8 15,14 8 20 8 8

16 23 40 18 25 20 16 40 15 28 20 30 20 16
12 20 24 7 17 12 8 20 10 18 10 30 10 8
9 13 14 5 11 12 11 20 10 20 11 20 10 12
14 8 16 7 11 18 9 20 7 20 10 10 10 5
12 13 20 10 17 10 8 20 10 16 12 20 5 4

X

X X

B B B B B B B B B B B B B B
B B B B B B B B B A C B B B
B B B C B B B B B B B B B B
B B C C B B C B B B B D C B

Soil
build up
at base.

NT.
NTg,
NAc,
DE

NT. NT.
NTg,
NAc,
DE

NT. NT.
NTg,
NAc,
DE

NT.
NTg,
NAc,
DE

NT.
NTg,
NAc,
DE

NT.
NTg,
NAc,
DE

Key for Comments:
BH = Bee Hive in Tree
DE = Data Estimated
NA = Not Accessable
NT = Not Transplantable
NTg = Not Tagged
LHB = Low Horizontal Branching 39



Appendix A - Landmark Village Project Oak Tree Survey Data

Tree Number
Species

Coast Live Oak
Valley Oak
Scrub Oak
McDonald's Oak

Heritage Oak

Trunk Diameter
Tree Height
Canopy North
Canopy West
Canopy South
Canopy East
Tree Declining
Broken/Dead Limbs
Sparse Foliage
Excessive Chlorosis/Necrosis
Mainstem Dieback
Poor Tip Growth
Cavity
Weak Crotch
Hollow Trunk
Trunk Exudation
Regrown Stump
Exfoliating Bark
Insect Damage
Diseased
Mistletoe
Leaning
Excessive Water Shoots
Surface Roots
Fire Damage
Safety Prune
Remove Deadwood
Cable/Brace
Vigor
Health
Aesthetics
Balance

C
om

m
en

ts
R

at
in

g
T

re
e

C
ha

ra
ct

er
is

ti
cs

M
ea

su
re

s
P

hy
si

ca
lC

on
di

ti
on

4034 4035 4036 4037 4055 4056 4057

X X X X X X

X

15, 10 22, 10 23 8 6,6 9,8,6,5 24

40 40 36 20 20 28 18
20 25 28 15 10 16 24
22 30 25 10 15 15 21
23 20 27 8 15 18 27
25 10 26 10 14 14 22

X

X

X
X

B B B B A B C
B B B B A B C
B B B B B B B
B C B B B B B

NT.
NTg,
NAc,
DE

NT.
NTg,
NAc,
DE

NT.
NTg,
NAc,
DE

NT.
NTg,
NAc,
DE

Key for Comments:
BH = Bee Hive in Tree
DE = Data Estimated
NA = Not Accessable
NT = Not Transplantable
NTg = Not Tagged
LHB = Low Horizontal Branching 40
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January 31, 2006

Mr. Glenn Adamick
NEWHALL LAND
23823 Valencia Blvd.
Valencia, CA 91355

RE: Landmark Village Oak Tree Boxing Specifications and
Recommendations

Dear Mr. Adamick:

Below are the boxing specifications and recommendations you requested for use
in the Landmark Village Oak Tree Report.

Phase 1- Pre-Boxing Procedure Recommendations

1. First and most importantly, any and all candidate trees will be treated with the
biostimulant product IRON ROOTs at a blended ratio of one gallon of product
to 100-gallons of water. Hydro-inject this mixture in increments of 25-
gallons(100 gallons per tree) into the root zone on all sides (4-points of the
compass) of each tree to be boxed. Implement this action as soon as
possible so product can be absorbed prior to excavation, at least one month
prior to any perceived construction impact.

2. Apply the anti-desiccant product Cloudcover or equal 48 hours prior to side
boxing per label instructions.

3. It is also highly recommended that all trees to be relocated be pre-watered
prior to side boxing and relocation. Unless weather conditions are favorable
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with periods of moderate rainfall in the months leading up to relocation, trees
should be pre-watered two to three times prior to excavation. The last
application should be made 48 hours prior to side boxing. The water should
be applied at a slow rate to facilitate soil infiltration to a depth of at least four
(4) feet. Application of water can be made using a water truck and hose.

4. Prune by removing all deadwood. Do not remove any live tissue/branches
greater than 2-inches., without a permit from the Forester.

Phase 2- Oak Tree Side Boxing and Bottom Boxing Recommendations

1. Excavate the root ball of each tree in a manner that accommodates as much
of the roots as possible and so root ball fits snugly in a square box with
sloping and/or tapered sides.

2. Construct a soil berm around the inside edge of the box sides with cross
dams to direct water into root ball. Also construct a soil berm 1 foot outside
the trunk to prevent excess water from contacting trunk base. It is
recommended that the root ball surface within the excavation be disturbed as
little as possible. Do not excavate soil surface within the boxed root ball
to create watering basins. Soil from side boxing excavation should be used
for watering basin berms. Do not cover native soil grade with fill soil.

3. Box sides shall be made of one or two layers of ¾-inch plywood, or planks,
one to 2-inches thick and reinforced with exterior bracing.

4. Two of the sides will be wider than the others and will have cleats along the
vertical edges to hold the other two sides in place. Insert steel rods through
and between the cleats to hold the four sides securely against the root ball.
The root ball can then be undercut and the boards can be inserted to form the
box bottom.

5. An option to using the steel rods, if tree weight is not too heavy, is to use steel
straps (banding). Three bands will be needed around the sides and three
around the bottom to secure the box.

6. No sooner than ninety (90) days after the above detailed side boxing,
undercut the root ball, similar to using the rods. Secure the bottom to the box
by banding the box with a minimum of two straps – install straps from top
around the bottom in two places. A total of five bands should be needed.

7. Water needs will be dictated by both visual inspection and data obtained via
optional soil moisture sensor readings.
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8. Root ball soil moisture must be monitored on a weekly basis during winter
months and daily during hot summer months.

9. An irrigation system is recommended. Otherwise, boxed trees will have to be
hand-watered, via irrigation hose. An irrigation system should include a series
of bubbler heads, placed in each corner of each tree box, to ensure even
distribution of water.

10.Once the boxed trees are placed in the holding area, apply a 3-inch layer of
oak leaves or coarse mulch atop the root ball area.

11. It is highly recommended that native soil from side box excavation be stored
in a holding area to be used for backfill when replanting takes place.

Phase 3 - Planting Recommendations

Rooting patterns are determined by soil characteristics and growing practices as
well as by species. Urban planting sites can prove extremely harsh for newly
transplanted trees. Hardscape, such as paving and buildings, can greatly
increase air temperature and radiation intensity. These conditions can make it
difficulty for tree root systems to supply enough water to adequately support their
tops or crowns. Thinning of the top growth, to balance with the root system, is
often necessary to assist native plant recovery. Frequent watering and sturdy
anchor staking will be needed.

1. When trees are transplanted, place the root ball one foot above grade to
allow for any settling. Form a slope from root ball surface to grade with
backfill soil. This will also reduce drainage problems. Surface to drain
away from root ball.

2. Backfill tree with native surface soil from site or excavation soil saved from
original tree boxing. Do not use excavated soil from construction
grading for backfill.

3. Avoid planting tree in soil that has been compacted for construction. If
there is absolutely no other alternative and tree is to be planted in soil
compacted for construction, tree will need supplemental drainage installed
and a wider planting pit. Do not cover native soil grade with fill soil.

4. Planting pit should be at least 4 feet wider than the root ball. All inside
surfaces of the planting pit should be scarified to avoid creation of soil
interface.

5. Form a basin around the root ball with cross dams and keep the root zone
area wet.
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6. Form the basin at the outer root ball edge so irrigation waters will be
forced to percolate into the soil interface with the root ball and backfill, not
just through the root ball. This is important as the root ball will consist
mostly of porous soil and the possibility of an interface problem can prove
critical to oak tree survival.

Follow-up Maintenance for Planting & Boxed Oak Trees

The following recommendations are given for newly planted specimen oak trees.

1. All trees require a basin formed at outer edge of root ball.

2. Form a cross dam for each basin to control applied irrigation.

3. Apply a consistent 3-inch layer of coarse mulch atop root ball. Keep
mulch away from trunk by 10 to 12-inches. Do not allow mulch to cover
root crown.

4. Apply first irrigation with a solution of product Mycorrhiza ROOTs at a
ratio of one-16-ounce bag of product to 100-gallons of water.
Flood/thoroughly drench each tree basin root ball and root zone area with
resulting mixture, or enough to penetrate and wet sides of root ball and
native soil of each tree.

5. Second irrigation apply IRONROOTs product only at a ratio of 32-
ounces of product to 100-gallons of water. Inject in 25-gallon increments
at the four points of the compass in each tree basin, or flood basin with the
same amount.

6. After three months apply the product Mycorrhiza ROOTS to the root zone
area.

Positive drainage is a critical component if trees are to survive. Positive,
quick drainage is a must to ensure that soil remains damp, and not wet with
standing water.

Fill basin with water. If water does not drain within one hour consider drilling
holes through the pit bottom into native soil to a depth of 3-feet. Auger size
should be no less than 2-inches in diameter. Backfill augered holes with ¾”
crushed rock. Do not use pea gravel.
If you have any questions please, do not hesitate to give us a call.

RICHARD JOHNSON & ASSOCIATES, INC.

Dick Johnson
Resource Monitor



Landmark Village Oak Tree Report Attachment – Oversize Maps



Please refer to map No. 4.4‐A in the accompanying map box. 



Please refer to map No. 4.4‐B in the accompanying map box. 



Please refer to map No. 4.4‐C in the accompanying map box. 



Please refer to map No. 4.4‐D in the accompanying map box. 
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Department of Fish and Game 
Biogeographic Data Branch 

Vegetation Classification and Mapping Program 
List of California Vegetation Alliances 

October 22, 2007 
 
Introduction: 
 
This document provides the Vegetation Classification and Mapping Program’s currently accepted 
list of vegetation alliances. It is based on the classification put forth in the upcoming second 
edition of “A Manual of California Vegetation,” (MCV) which is the California expression of the 
National Vegetation Classification (Grossman et al. 1998). This classification is hierarchical in 
nature: alliances are the generic vegetation unit and associations the specific unit. We hope to 
publish a list of accepted associations in the near future. 
 
This list is structured differently than previous lists. It emphasizes the relationship of the California 
alliances with the current National Vegetation Classification System (NVC). NVC codes and 
names, if they have been identified, are shown in brackets. Those lacking NVC codes and titles 
indicate new alliances that have not been discovered in currently funded collaborative projects 
with NatureServe. Those listed in brackets have full descriptions viewable using the following link: 
http://www.natureserve.org/explorer/servlet/NatureServe?init=Ecol 
 
California community codes follow the same format as in previous editions and are based on the 
Holland coding system (Holland 1986) with additional modifiers to accommodate for new types 
and the richer detail now currently understood in the California vegetation classification. 
 
Semi-natural Stands and Unique Stands: 
 
In addition to alliances, this list includes Semi-natural stands and unique stands. Semi-natural 
stands are strongly dominated by non-native plants that have become naturalized in the state; no 
alliances are defined by non-natives. Unique stands (which will be called “Special Stands” in the 
second edition of the MCV) are specific patches of vegetation in the landscape that are unique 
from other patches, which may appear structurally distinctive as well as rare. These are defined 
by the presence of specific rare or threatened CNPS list plants that typically define a type, and 
that usually establish in less redundancy (e.g., less than 10 stands) across the landscape than 
other vegetation types. Certain rare plants establish with a unique set of species within certain 
climatic and edaphic conditions, and they typically co-dominate with a rare assemblage of 
species.  
 
Rarity Ranking: 
 
One of the primary purposes of the classification is to assist in the location and determinations of 
significance and rarity of vegetation types for tracking purposes in the California Natural Diversity 
Database (CNDDB). Thus, ranking of types by their rarity and threat is an important facet of the 
classification. In previous documents, asterisks (*) denoted special vegetation types that were 
either known or believed to have been of high priority for inventory in the CNDDB. Currently, this 
list refines the asterisks to actual “Global” or “State” rankings analogous to those provided with 
species reported in the CNDDB. These are ranked either G1, G2, G3, G4, or G5 using 
NatureServe’s standard heritage program methodology 
(http://www.natureserve.org/explorer/ranking.htm#interpret). If an alliance is marked with a G1 
through a G3 code, this means that all of the associations within it will also be considered of high 
inventory priority. If marked as G4 or G5, these alliances are generally considered common 
enough to not be of concern. However, it does not mean that certain associations contained 
within them are not rare (G3 or lower). The forthcoming full association and alliance level ranking 
list will clarify these relationships. 
 

http://www.natureserve.org/explorer/servlet/NatureServe?init=Ecol
http://www.natureserve.org/explorer/ranking.htm#interpret


Lead and trustee agencies may request that impacts to these communities be addressed in 
environmental documents. For example, impacts to wetland community types should be 
addressed under the state’s no-net-loss of wetlands policy, or local agencies may have policies 
requiring avoidance of rare community types. 
 
Vegetation classification is an active field in California and new types will continue to be defined 
and their relationships refined for some time. Currently, we define approximately 500 alliances. 
 
We relish information on all vegetation types, whether it is a new record or re-assessment of 
existing information. Please contact us at VegCAMP at (916) 324-6857, and we can help you 
determine the most useful way to collect information on vegetation types. 
 
References: 
 
Grossman, D. H., K. Goodin, M. Anderson, P. Bourgeron, M. T. Bryer, R. Crawford, L. Engelking, 
D. Faber-Langendoen, M. Gallyoun, S. Landaal, K. Metzler, K. D. Patterson, M. Pyne, M. Reid, L. 
Sneddon, and A. S. Weakley. 1998. International classification of ecological communities: 
Terrestrial vegetation of the United States. The Nature Conservancy. Arlington, Virginia. 
 
Holland, R. 1986. Preliminary list of terrestrial natural communities of California. Department of 
Fish and Game, Sacramento, CA. 
 
Sawyer, J. O. and T. Keeler-Wolf. 1995. A Manual of California Vegetation. California Native 
Plant Society. Sacramento, CA. 



California Scientific Name Classification Level 
California 
Code 

Global 
Alliance 
Key 

Rarity 
Rank 

Abies amabilis Alliance 88.800.00 A.102 G5S2 
Abies bracteata Alliance 88.300.00 A.147 G2S2 
Abies concolor Alliance 88.500.00 A.103 G5S4 
Abies concolor - Pinus lambertiana Alliance 88.510.00 A.2560 G4S4 
Abies concolor - Pseudotsuga menziesii Alliance 88.530.00   G4S4 
Abies grandis Alliance 88.100.00 A.153 G4S2 
Abies lasiocarpa Alliance 88.400.00 A.177 G5S2 
Abies magnifica Alliance 88.200.00 A.161 G4S4 
Abies magnifica - Abies concolor Alliance 88.520.00   G4S4 
Abronia latifolia - Ambrosia chamissonis Alliance 21.100.00   G3S3 
Acacia greggii Alliance 33.040.00 A.1036 G4S3 
Acer glabrum Proposed Alliance 61.430.00 A.915 G4S3? 
Acer macrophyllum Proposed Alliance 61.450.00   G4S3 
Acer negundo Alliance 61.440.00 A.278 G5S3? 
Achnatherum hymenoides Alliance 41.120.00 A.1262 G4S2 
Achnatherum speciosum Alliance 41.090.00 A.1290 G4S3 
Adenostoma fasciculatum Alliance 37.101.00 A.755 G5S5 
Adenostoma fasciculatum - Salvia apiana Alliance 37.103.00   G4S4 
Adenostoma fasciculatum - Salvia mellifera Alliance 37.102.00   G4S4 
Adenostoma fasciculatum - Xylococcus bicolor Alliance 37.109.00   G4S3 
Adenostoma sparsifolium Alliance 37.501.00 A.756 G4S4 
Aegilops triuncialis Semi-natural Non-native 42.003.00   U 
Aesculus californica Alliance 75.100.00 A.602 G3S3 
Agave deserti Alliance 33.075.00   G4S3? 
Agropyron cristatum Semi-natural Non-native 42.030.00 A.3563 U 
Agrostis gigantea Proposed Alliance 45.105.00   G4?S3?
Agrostis scabra Proposed Alliance 41.320.00 A.1351 G4S4? 
Agrostis stolonifera Semi-natural Non-native 41.330.00 A.1405 U 
Allenrolfea occidentalis Alliance 36.120.00 A.866 G4S3 
Alnus incana Alliance 63.210.00 A.986 G5S4 
Alnus rhombifolia Alliance 61.420.00 A.306 G4S4 
Alnus rubra Alliance 61.410.00 A.342 G5S4 
Alnus viridis Alliance 63.220.00 A.966 G5S3 



California Scientific Name Classification Level 
California 
Code 

Global 
Alliance 
Key 

Rarity 
Rank 

Alopecurus geniculatus Proposed Alliance 42.006.00   G3S3? 
Ambrosia chamissonis Association 21.110.00 A.1614 G4S3 
Ambrosia dumosa Alliance 33.060.00 A.1102 G5S4 
Ambrosia psilostachya Proposed Alliance 33.065.00   G4S4 
Ambrosia salsola Alliance 33.200.00 A.2512 G5S5 
Ammophila arenaria Semi-natural Non-native 42.010.00 A.1206 U 
Anemopsis californica Proposed Alliance 52.214.00   G3S3? 
Arbutus menziesii Alliance 73.200.00   G4S4? 
Arctostaphylos bakeri Alliance 37.317.00   G2S2 
Arctostaphylos canescens Proposed Alliance 37.311.00   G2S2 
Arctostaphylos glandulosa Alliance 37.302.00 A.757 G4S4 
Arctostaphylos glauca Alliance 37.301.00 A.759 G4S4 
Arctostaphylos hookeri subsp. montana Alliance 37.307.00 A.2604 G2S2 
Arctostaphylos hooveri Alliance 37.312.00   G3S3 
Arctostaphylos manzanita Proposed Alliance 37.313.00   G4S4? 
Arctostaphylos montereyensis Proposed Alliance 37.314.00   G5S5 
Arctostaphylos morroensis Alliance 37.315.00   G1S1 
Arctostaphylos myrtifolia Alliance 37.304.00 A.760 G2S2 
Arctostaphylos nummularia Alliance 37.306.00 A.2605 G3S3 
Arctostaphylos pajaroensis Alliance 37.316.00   G1S1 
Arctostaphylos patula Alliance 37.303.00 A.788 G5S4 
Arctostaphylos pringlei subsp. drupacea Alliance 37.310.00   G4S3? 
Arctostaphylos pumila Proposed Alliance 37.318.00   G1S1 
Arctostaphylos silvicola Proposed Alliance 37.320.00   G2S2 
Arctostaphylos stanfordiana Proposed Alliance 37.319.00   G3S3 
Arctostaphylos tomentosa subsp. tomentosa Alliance 37.308.00 A.761 G3S3 
Arctostaphylos viscida Alliance 37.305.00 A.790 G4S4 
Argentina anserina (egedii) Alliance 38.140.00 A.2621 G5S3? 
Aristida purpurea Proposed Alliance 45.425.00 A.2570 G4S3 
Arnica amplexicaulis Proposed Alliance 45.424.00   G4S3? 
Artemisia arbuscula Alliance 35.120.00 A.1071 G4S4 
Artemisia arbuscula subsp. longicaulis Proposed Alliance 35.121.00   G4S3? 
Artemisia californica Alliance 32.010.00 A.815 G5S4 
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Artemisia californica - Eriogonum fasciculatum Alliance 32.110.00 A.813 G4S4 
Artemisia californica - Salvia mellifera Alliance 32.120.00 A.814 G4S4 
Artemisia cana Alliance 35.150.00 A.2557 G4S3 
Artemisia nova Alliance 35.130.00 A.1105 G5S3 
Artemisia rothrockii Alliance 35.140.00 A.1098 G3S3 
Artemisia tridentata Alliance 35.110.00 A.829 G5S4 
Artemisia tridentata subsp. vaseyana Alliance 35.111.00   G5S4 
Arthrocnemum subterminalis Alliance 52.212.00   G3S2? 
Arundo donax Semi-natural Non-native 42.080.00 A.1339 U 
Atriplex canescens Alliance 36.310.00 A.871 G5S4 
Atriplex confertifolia Alliance 36.320.00 A.870 G5S4 
Atriplex hymenelytra Alliance 36.330.00 A.872 G4S4 
Atriplex lentiformis Alliance 36.370.00 A.864 G5S4 

Atriplex lentiformis 
Alliance (Planted 
Restored) 36.380.00   G4S4 

Atriplex polycarpa Alliance 36.340.00 A.873 G5S4 
Atriplex polycarpa (Sierra-Tehachapi ) Association 36.342.00   G3S3 
Atriplex spinifera Alliance 36.350.00 A.865 G3S3 
Avena (barbata, fatua) Semi-natural Non-native 44.150.00 A.2661 U 
Azolla filiculoides Alliance 52.106.00   G5S4 
Baccharis emoryi Proposed Alliance 63.520.00 A.2643 G4S4? 
Baccharis pilularis Alliance 32.060.00 A.836 G5S5 
Baccharis salicifolia Alliance 63.510.00 A.933 G5S4 
Baccharis sergiloides Alliance 63.530.00 A.2531 G4S3 
Betula glandulosa Proposed Alliance 63.620.00   G5S2? 
Betula occidentalis Alliance 63.610.00 A.967 G4S3 
Brachypodium distachyon Semi-natural Non-native 42.040.00   U 
Brassica nigra - Foeniculum vulgare Semi-natural Non-native 42.001.00 A.2662 U 
Bromus (diandrus, hordeaceus) Semi-natural Non-native 42.026.00 A.1813 U 
Bromus rubens Semi-natural Non-native 42.026.00   U 
Bromus tectorum Semi-natural Non-native 42.020.00 A.1814 U 
Broom (Cytisus spp., Spartium spp., Genista spp., Ulex europaea) Semi-natural Non-native 32.180.00   U 
Bursera microphylla Unique Stands 33.120.00   G4S2 
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Cakile (edentula, maritima) Semi-natural Non-native 21.125.00 A.1861 U 
Calamagrostis breweri Alliance 41.210.00 A.1293 G4S4 
Calamagrostis canadensis Alliance 41.224.00 A.1400 G5S4 
Calamagrostis muiriana Alliance 45.141.00 A.1575 G4S4 
Calamagrostis nutkaensis Alliance 41.190.00 A.1202 G5S3 
Calamagrostis purpurascens Alliance 41.211.00 A.1301 G4S4? 
California Annual Grassland Alliance 42.040.00 A.1813 G5S5 
Callitropsis nootkatensis Unique Stands 81.200.00 A.178 G5S2 
Calocedrus decurrens Alliance 85.100.00 A.155 G4S3 
Camassia quamash Proposed Alliance 45.416.00 A.2587 G4S3? 
Carex aquatilis - Carex lenticularis Alliance 45.168.00 A.1404 G5S4? 
Carex barbarae Proposed Alliance 45.142.00   G3S3 
Carex breweri Alliance 45.150.00 A.1296 G4S4? 
Carex congdonii Alliance 45.160.00   G4S4? 
Carex douglasii Proposed Alliance 45.169.00 A.1286 G4S4 
Carex filifolia Alliance 45.140.00 A.1294 G4S4 
Carex helleri Alliance 45.145.00 A.2603 G4S4 
Carex integra Proposed Alliance 45.175.00   G4S4? 
Carex jonesii Alliance 45.162.00   G4S4? 
Carex lasiocarpa Alliance 45.166.00 A.1453 G4S4? 
Carex limosa Alliance 45.178.00 A.1416 G4S2 
Carex luzulina Proposed Alliance 45.179.00   G4?S4?
Carex microptera Alliance 45.181.00 A.1411 G4S4? 
Carex nebrascensis Alliance 45.130.00 A.1417 G5S4 
Carex nigricans Alliance 45.164.00 A.1418 G5S4? 
Carex nudata Alliance 45.182.00   G3S3? 
Carex obnupta Alliance 45.183.00 A.2582 G4S3 
Carex scopulorum Alliance 45.120.00 A.1420 G5S4 
Carex serratodens Proposed Alliance 45.180.00   G3S3? 
Carex simulata Alliance 45.190.00 A.1469 G4S4? 
Carex spectabilis Alliance 45.155.00 A.1300 G5S4 
Carex straminiformis Proposed Alliance 45.185.00   G4S4? 
Carex subnigricans Alliance 45.186.00   G3S3 
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Carex utriculata - Carex vesicaria Alliance 52.121.00   G5S4 
Carpobrotus (edulis, chilensis) Alliance 21.200.00 A.1620 U 
Cassiope mertensiana Proposed Alliance 91.126.00 A.1081 G5S2? 
Castela emoryi Unique Stands 33.110.00   G4S2? 
Ceanothus cordulatus Alliance 37.209.00 A.763 G4S4 
Ceanothus crassifolius Alliance 37.208.00 A.764 G4S4 
Ceanothus cuneatus Alliance 37.211.00 A.765 G5S5 
Ceanothus greggii Alliance 37.212.00 A.766 G4S4 
Ceanothus integerrimus Alliance 37.206.00 A.895 G4S4 
Ceanothus leucodermis Alliance 37.205.00 A.767 G4S4 
Ceanothus megacarpus Alliance 37.201.00 A.770 G4S4 
Ceanothus oliganthus Alliance 37.207.00 A.771 G4S4 
Ceanothus papillosus Alliance 37.215.00   G4S4? 
Ceanothus spinosus Alliance 37.214.00 A.2667 G4S4 
Ceanothus thyrsiflorus Alliance 37.204.00 A.741 G4S4 
Ceanothus velutinus Alliance 37.210.00 A.787 G5S4 
Ceanothus verrucosus Proposed Alliance 37.216.00   G3S2 
Centaurea (solstitialis, melitensis) Semi-natural Non-native 42.042.00   U 
Cephalanthus occidentalis Alliance 63.300.00 A.988 G5S3 
Cercocarpus intricatus Proposed Alliance 76.300.00 A.2659 G4S3 
Cercocarpus ledifolius Alliance 76.200.00 A.828 G5S4 
Cercocarpus montanus Alliance 37.610.00 A.896 G5S4 
Cercocarpus montanus - Eriogonum fasciculatum Alliance 37.600.00   G3S3 
Chamaecyparis lawsoniana Alliance 81.100.00 A.104 G4S3 
Chilopsis linearis Alliance 61.550.00 A.1044 G4S4 
Chrysolepis chrysophylla Alliance 37.417.00 None G3S3 
Chrysolepis sempervirens Alliance 37.700.00 A.762 G4S4 
Cirsium fontinale var. campylon Alliance 42.100.00   G1S1 
Coleogyne ramosissima Alliance 33.020.00 A.874 G5S4 
Coreopsis gigantea Alliance 43.100.00 A.2669 G4S3 
Cornus sericea Alliance 80.100.00 A.968 G4S3? 
Cortaderia spp. Semi-natural Non-native 42.070.00   U 
Corylus cornuta Alliance 37.950.00 A.2596 G3S3? 
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Cotula coronopifolia Semi-natural Non-native 52.209.00   U 
Cressa truxillensis Alliance 52.207.00   G4S3? 
Cupressus abramsiana Unique Stands 81.606.00   G1S1 
Cupressus bakeri Unique Stands 81.601.00   G3S3 
Cupressus forbesii Unique Stands 81.607.00   G2S2 
Cupressus goveniana Unique Stands 81.603.00   G1S1 
Cupressus macnabiana Alliance 81.300.00 A.115 G3S3 
Cupressus macrocarpa Unique Stands 81.604.00   G1S1 
Cupressus nevadensis Unique Stands 81.605.00   G3S3 
Cupressus pygmaea Alliance 81.400.00 A.807 G3S3 
Cupressus sargentii Alliance 81.500.00 A.500 G3S3 
Cupressus stephensonii Unique Stands 81.610.00   G1S1 
Cynosurus cristatus Alliance 42.041.00   U 
Danthonia californica Alliance 41.050.00 A.1254 G4S3 
Danthonia intermedia Alliance 41.051.00 A.1315 G4S3? 
Darlingtonia californica Alliance 51.200.00 A.1687 G4S3 
Dasiphora fruticosa Alliance 38.110.00 A.1534 G5S3? 
Dendromecon rigida Alliance 37.503.00   G4S4 
Deschampsia caespitosa Alliance 41.220.00 A.1355 G5S4 
Dicoria canescens - Abronia villosa Alliance 22.100.00   G4S3 
Distichlis spicata Alliance 41.200.00 A.2666 G5S4 
Downingia (bicornuta) - Lasthenia fremontii Alliance 42.007.00   G3S3 
Downingia bicornuta Alliance 45.330.00   G3S3 
Dulichium arundinaceum Proposed Alliance 52.115.00 A.3023 G4S2 
Eichhornia crassipes Semi-natural Non-native 52.116.00 A.1716 U 
Eleocharis acicularis Proposed Alliance 45.231.00 A.1421 G4S3? 
Eleocharis macrostachya Alliance 45.230.00   G4S4 
Eleocharis pauciflora Alliance 45.220.00 A.1423 G5S4 
Elymus glaucus Proposed Alliance 41.640.00 A.2564 G4S3 
Elymus multisetus Proposed Alliance 41.650.00   G4S4? 
Elytrigia pontica Semi-natural Non-native 42.100.00   U 
Encelia californica Alliance 32.050.00 A.772 G4S3 
Encelia farinosa Alliance 33.030.00 A.867 G5S5 
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Encelia virginensis Alliance 33.025.00 A.860 G4S4 
Ephedra californica Alliance 33.270.00 A.2536 G3S3 
Ephedra funerea Proposed Alliance 33.275.00   G4S3 
Ephedra nevadensis Alliance 33.280.00 A.857 G4S4 
Ephedra viridis Alliance 33.285.00 A.858 G4S4 
Ericameria discoidea - Minuartia nuttallii Alliance 38.120.00   G4S4 
Ericameria linearifolia Proposed Alliance 38.125.00   G4S4 
Ericameria nauseosus Alliance 35.310.00 A.835 G5S4 
Ericameria palmeri Proposed Alliance 38.130.00   G4S3? 
Ericameria paniculatus Alliance 35.340.00 A.2509 G4S4 
Ericameria parryi Alliance 35.320.00 A.818 G4S3 
Ericameria teretifolius Alliance 35.330.00 A.2540 G4S4 
Eriodictyon californicum Proposed Alliance 37.080.00   G4S4 
Eriodictyon crassifolium Proposed Alliance 37.090.00   G4S4 
Eriogonum cinereum Alliance 32.035.00 A.2668 G3S3 
Eriogonum fasciculatum Alliance 32.040.00 A.868 G5S5 
Eriogonum fasciculatum - Salvia apiana Alliance 32.100.00 A.773 G5S5 
Eriogonum heermannii Proposed Alliance 32.045.00   G3?S3?
Eriogonum wrightii Alliance 32.041.00   G4S3? 
Eucalyptus (camaldulensis, globulus) Alliance 79.100.00 A.84 U 
Festuca brachyphylla Alliance 91.120.00 A.1321 G4?S3 
Festuca idahoensis Alliance 41.250.00 A.1251 G4S3 
Festuca rubra Alliance 41.255.00 A.1236 G4S3? 
Forestiera pubescens Alliance 61.580.00 A.969 G4S3 
Frangula californica Alliance 37.920.00   G4S4 
Frankenia salina Alliance 52.500.00   G4S3 
Fraxinus latifolia Alliance 61.960.00 A.307 G4S3 
Garrya elliptica Proposed Alliance 39.040.00   G3?S2?
Glyceria elata Alliance 41.222.00 A.2578 G4S3? 
Glyceria occidentalis Proposed Alliance 41.223.00   G3S3? 
Grayia spinosa Alliance 33.180.00 A.1038 G4S4 
Grindelia spp. Alliance 52.206.00   G4S4 
Gutierrezia californica Proposed Alliance 32.042.00   G4S4? 
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Gutierrezia sarothrae Proposed Alliance 32.043.00 A.2528 G5S4 
Hazardia squarrosa Alliance 32.055.00 A.2664 G4S4 
Hemizonia pungens subsp. laevis Unique Stand 44.110.00   G1S1 
Heteromeles arbutifolia Alliance 37.911.00 A.2670 G4S4 
Holcus lanatus, Anthoxanthum odoratum, and/or Festuca arundinacea Semi-natural Non-native 42.050.00   U 
Holodiscus discolor Alliance 39.100.00 A.901 G4S4 
Hordeum brachyantherum Alliance 42.052.00 A.2585 G3S2 
Hulsea algida Alliance 91.121.00 A.2615 G3S3? 
Hydrocotyle (ranunculoides-umbellata) Proposed Alliance 52.117.00 A.1971 G4S3 
Hyptis emoryi Alliance 33.190.00 A.2537 G4S4 
Iris missouriensis Proposed Alliance 45.401.00   G5S4 
Isocoma menziesii Alliance 32.044.00   G3?S3?
Isoetes spp. Alliance 52.109.00   G4S3 
Juglans californica Alliance 72.100.00 A.607 G3S3 
Juglans californica subsp. hindsii Unique Stands 61.810.00   G1S1 
Juncus balticus - (Juncus mexicana) Alliance 45.562.00 A.1374 G5S4 
Juncus cooperi Proposed Alliance 45.563.00   G4S3? 
Juncus effusus Alliance 45.561.00 A.1375 G4S4? 
Juncus lesueurii Alliance 45.569.00   G3S2? 
Juncus nevadensis Alliance 45.567.00   G3S3? 
Juncus parryi Alliance 45.566.00 A.1325 G4S4 
Juncus patens Proposed Alliance 45.564.00   G4S4 
Juncus xiphioides Proposed Alliance 45.568.00   G2S2? 
Juniperus californica Alliance 89.100.00 A.502 G4S4 
Juniperus grandis Alliance 89.200.00   G4S4 
Juniperus occidentalis subsp. occidentalis Alliance 89.400.00   G4S4 
Juniperus osteosperma Alliance 89.300.00 A.536 G5S4 
Justicia californica Proposed Alliance 33.340.00   G4S3? 
Kalmia microphylla Proposed Alliance 45.406.00 A.1096 G4S3? 
Keckiella antirrhinoides Alliance 32.065.00   G4S3? 
Kobresia myosuroides Proposed Alliance 91.115.00 A.1326 G5S1 
Koeberlinia spinosa Unique Stands 33.100.00   G4S2 
Krascheninnikovia lanata Alliance 36.500.00 A.1104 G5S3 
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Larrea tridentata Alliance 33.010.00 A.851 G5S5 
Larrea tridentata - Ambrosia dumosa Alliance 33.140.00 A.2532 G5S5 
Larrea tridentata - Encelia farinosa Alliance 33.027.00 A.2533 G5S4 
Lasthenia californica Alliance 44.109.00   G4S4 
Lasthenia glaberrima Alliance 44.140.00   G3S3 
Layia fremontii - (Achyrachaena mollis) Alliance 42.002.00   G3S3? 
Lemna major (and relatives) Alliance 52.105.00 A.1747 G5S4 
Lepidium latifolium Semi-natural Non-native 52.205.00   U 
Lepidospartum squamatum Alliance 32.070.00 A.838 G4S4 
Leymus cinereus Alliance 41.020.00 A.1204 G4S2 
Leymus condensatus Alliance 41.270.00 A.2663 G4S4 
Leymus mollis Alliance 41.260.00 A.1243 G4S3 
Leymus triticoides Alliance 41.080.00 A.1353 G4S3 
Lithocarpus densiflora Alliance 73.100.00   G4S3 
Lithocarpus densiflora subsp. echinoides Alliance 73.110.00   G4S3? 
Lolium perenne Alliance 41.321.00   U 
Lotus micranthus Proposed Alliance 52.220.00   G3S3? 
Lotus purshianus Alliance 52.230.00   U 
Lotus scoparius Alliance 52.240.00   G5S5 
Ludwigia peploides Semi-natural Non-native 52.118.00 A.1928 U 
Lupinus albifrons Alliance 32.081.00 A.2601 G4S4 
Lupinus arboreus Alliance 32.080.00 A.739 G4S4 
Lupinus bicolor - Eryngium aristulatum Alliance 42.004.00   G3S3? 
Lupinus chamissonis - Ericameria ericoides Alliance 32.160.00 A.822 G3S3 
Lupinus latifolius Alliance 45.312.00 A.2617 G4S4 
Lycium andersonii Alliance 33.360.00   G4S4 
Lyonothamnus floribundus Unique Stands 77.000.00   G3S3 
Malacothamnus fasciculatus Alliance 45.450.00 A.2671 G4S4 
Malosma laurina Alliance 45.455.00 A.774 G4S4 
Melica torreyana Proposed Alliance 41.275.00   G2S2? 
Menodora spinescens Alliance 33.290.00 A.2515 G4S4 
Mimulus aurantiacus Alliance 32.082.00 A.2672 G3?S3?
Mimulus guttatus Proposed Alliance 44.111.00 A.2676 G4?S3?
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Mimulus primuloides Alliance 45.417.00 A.1664 G4S4 
Morella californica Alliance 37.930.00   G3S3? 
Muhlenbergia filiformis Proposed Alliance 41.276.00   G4S4 
Muhlenbergia richardsonis Proposed Alliance 41.277.00   G4S4 
Muhlenbergia rigens Alliance 41.278.00   G4S3 
Nassella cernua Proposed Alliance 41.140.00 A.1247 G4S3? 
Nassella lepida Proposed Alliance 41.110.00 A.1248 G3S3 
Nassella pulchra Alliance 41.150.00 A.1289 G4S3? 
Nolina parryi Alliance 33.080.00 A.2535 G3S2? 
Nuphar lutea subsp. polysepala Alliance 52.110.00 A.1749 G5S3 
Oenanthe sarmentosa Alliance 52.119.00 None G4S3? 
Opuntia bigelovii Alliance 33.050.00 A.877 G4S3 
Opuntia littoralis Alliance 32.150.00 A.878 G4S3 
Oxypolis occidentalis Alliance 45.418.00   G3S3 
Oxyria digyna Alliance 91.122.00   G4S3? 
Panicum urvilleanum Alliance 42.095.00   G3S2? 
Parkinsonia florida - Olneya tesota Alliance 61.545.00   G5S3 
Parkinsonia microphylla Alliance 33.150.00 A.883 G5S2 
Penstemon newberryi Alliance 45.415.00 A.2616 G4S4 
Phalaris aquatica Semi-natural Non-native 42.051.00   U 
Phlox condensata Alliance 91.123.00   G4S3 
Phlox pulvinata Alliance 91.150.00 A.1651 G3?S3?
Phragmites australis Alliance 41.061.00 A.1477 G5S4? 
Picea breweriana Alliance 83.300.00 A.156 G3S3 
Picea engelmannii Alliance 83.100.00 A.164 G5S3 
Picea sitchensis Alliance 83.200.00 A.105 G5S2 
Pinus albicaulis Alliance 87.180.00 A.531 G5S4 
Pinus attenuata Alliance 87.100.00 A.508 G4S4 
Pinus balfouriana Alliance 87.150.00 A.509 G4S4 
Pinus contorta subsp. contorta Alliance 87.060.00 A.118 G5S3 
Pinus contorta subsp. murrayana Alliance 87.080.00 A.512 G4S4 
Pinus coulteri Alliance 87.090.00 A.514 G4S4 
Pinus edulis Unique Stands 87.050.00 A.135 G4S2? 
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Pinus flexilis Alliance 87.160.00 A.540 G5S4 
Pinus jeffreyi Alliance 87.020.00 A.541 G5S4 
Pinus lambertiana Alliance 87.206.00   G4S3 
Pinus longaeva Alliance 87.140.00 A.518 G4S3 
Pinus monophylla Alliance 87.040.00 A.543 G5S4 
Pinus monticola Alliance 87.170.00 A.532 G4S4 
Pinus muricata Alliance 87.070.00 A.121 G4S3 
Pinus ponderosa Alliance 87.010.00 A.530 G5S4 
Pinus ponderosa - Calocedrus decurrens Alliance 87.015.00 A.2559 G4S4 
Pinus quadrifolia Alliance 87.030.00 A.522 G3S2? 
Pinus radiata Alliance 87.110.00 A.125 G3S2 
Pinus sabiniana Alliance 87.130.00 A.525 G4S4 
Pinus torreyana Unique Stands 87.190.00   G1S1 
Pinus washoensis Alliance 87.120.00 A.529 G2S2 
Plagiobothrys mollis Proposed Alliance 42.063.00   G3S3? 
Plantago erecta-Vulpia microstachys Alliance 44.130.00   G4S3 
Platanus racemosa Alliance 61.310.00 A.634 G4S3 
Pleuraphis jamesii Alliance 41.610.00 A.1287 G4S3 
Pleuraphis rigida Alliance 41.030.00 A.1246 G4S3 
Pluchea sericea Alliance 63.710.00 A.798 G4S3 
Poa pratensis Semi-natural Non-native 42.060.00 A.3562 U 
Poa secunda Alliance 41.180.00 A.1291 G5S3 
Polygonum douglasii - Gayophytum spp. Alliance 42.061.00   G4S4 
Polygonum spp. - Echinochloa spp. Semi-natural Non-native 41.310.00 A.1348 G5S4 
Populus balsamifera subsp. trichocarpa Alliance 61.120.00 A.311 G5S3 
Populus fremontii Alliance 61.130.00 A.654 G4S3 
Populus tremuloides Alliance 61.111.00 A.274 G5S4 
Potamogeton spp. (and Stuckenia filiformis) Alliance 52.108.00   G5S3? 
Prosopis glandulosa Alliance 61.512.00 A.1031 G5S3? 
Prosopis pubescens Alliance 61.513.00 A.1042 G5S2? 
Prunus emarginata Alliance 37.900.00 A.2602 G4S4 
Prunus fasciculata Alliance 33.300.00 A.2519 G4S4 
Prunus fremontii Alliance 33.220.00   G4S3 
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Prunus ilicifolia Alliance 37.910.00 A.2608 G4S4? 
Prunus virginiana Proposed Alliance 37.905.00 A.919 G4S3 
Pseudoroegneria spicata subsp. spicata Alliance 41.040.00 A.1265 G5S3 
Pseudotsuga macrocarpa Alliance 82.100.00 A.141 G4S3 
Pseudotsuga menziesii Alliance 82.200.00 A.108 G5S4 
Pseudotsuga menziesii - Lithocarpus densiflorus Alliance 82.500.00 A.106 G4S3? 
Pseudotsuga menziesii - Pinus ponderosa Alliance 82.400.00 A.134 G5S3? 
Pseudotsuga menziesii - Quercus chrysolepis Alliance 82.300.00   G4S4 
Psorothamnus spinosus Alliance 61.570.00 A.2520 G4S4 
Ptilagrostis kingii Alliance 41.224.00 A.2613 G4S4 
Purshia mexicana Alliance 33.240.00   G4S3? 
Purshia tridentata Alliance 35.200.00 A.825 G5S4 
Quercus agrifolia Alliance 71.060.00 A.589 G5S4 
Quercus berberidifolia Alliance 37.407.00 A.2673 G5S5 
Quercus berberidifolia - Adenostoma fasciculatum Alliance 37.409.00   G4S4 
Quercus berberidifolia - Ceanothus leucodermis Alliance 37.410.00   G4S4 
Quercus berberidifolia - Cercocarpus betuloides Alliance 37.408.00   G4S4 
Quercus chrysolepis Alliance 37.413.00 A.776 G4S4 
Quercus chrysolepis Alliance 71.050.00 A.85 G5S4 
Quercus cornelius-mulleri Alliance 37.415.00 A.2521 G4S4 
Quercus douglasii Alliance 71.020.00 A.614 G4S4 
Quercus durata Alliance 37.405.00 A.778 G4S4 
Quercus engelmannii Alliance 71.070.00 A.590 G3S3 
Quercus garryana var. breweri Alliance 37.411.00 A.905 G4S4 
Quercus garryana var. garryana Alliance 71.030.00 A.630 G4S3 
Quercus john-tuckeri Alliance 37.418.00 A.2522 G4S4 
Quercus kelloggii Alliance 71.010.00 A.2558 G4S4 
Quercus lobata Alliance 71.040.00 A.618 G3S3 
Quercus pacifica Alliance 37.416.00   G4S4 
Quercus palmeri Alliance 37.419.00   G3?S2?
Quercus parvula var. shrevei Proposed Alliance 71.085.00   G3S3? 
Quercus sadleriana Proposed Alliance 37.412.00 A.743 G4S3 
Quercus tomentella Unique stand 71.090.00 A.86 G3S3 



California Scientific Name Classification Level 
California 
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Rarity 
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Quercus turbinella Alliance 71.095.00 A.793 G5S3? 
Quercus vacciniifolia Alliance 37.414.00 A.784 G4S4 
Quercus wislizeni Alliance 71.080.00 A.591 G4S4 
Quercus wislizeni var. frutescens Alliance 37.420.00 A.786 G5S5 
Rhododendron occidentale Provisional alliance 63.310.00   G3?S2?
Rhus integrifolia Alliance 37.803.00 A.2674 G4S4 
Rhus ovata Alliance 37.801.00   G4S3? 
Rhus trilobata Proposed Alliance 37.802.00 A.3569 G5S3? 
Ribes quercetorum Proposed Alliance 37.960.00   G3?S3?
Rosa californica Alliance 63.907.00   G3S3 
Rosa woodsii Proposed Alliance 63.320.00 A.959 G5S3 
Rubus discolor Semi-natural Non-native 63.906.00   U 
Rubus spp. (parviflorus, spectabilis, ursinus) Alliance 63.901.00 A.2609 G5S4 
Rumex hymenosepalus Unique stand 33.210.00   G1?S1?
Ruppia spp. (maritima, cirrhosa) Alliance 52.202.00 A.1755 G5S3? 
Salazaria mexicana Alliance 33.310.00 A.2538 G4S4 
Salicornia virginica Alliance 52.211.00 A.2618 G4S4 
Salix bebbiana Proposed Alliance 61.213.00 A.971 G4S2? 
Salix breweri Alliance 61.213.00   G3S3 
Salix eastwoodiae Alliance 61.112.00 A.1005 G4S4 
Salix exigua Alliance 61.209.00 A.947 G5S4 
Salix geyeriana Alliance 61.212.00 A.1006 G5S3 
Salix gooddingii Alliance 61.211.00 A.640 G4S4 
Salix hookeriana Alliance 61.203.00 A.999 G4S3? 
Salix jepsonii Alliance 61.118.00   G3S3 
Salix laevigata Alliance 61.205.00 A.646 G4S3 
Salix lasiolepis Alliance 61.201.00 A.977 G5S5 
Salix lemmonii Alliance 61.113.00 A.2523 G4S4 
Salix lucida subsp. lasiandra Alliance 61.204.00 A.333 G4S3? 
Salix lutea Provisional alliance 61.210.00 A.980 G4S3? 
Salix orestera Alliance 61.115.00 A.2563 G4S4 
Salix petrophila Alliance 61.116.00   G5S3 
Salix planifolia Proposed Alliance 61.114.00 A.1008 G4S3 
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Salix reticulata Proposed Alliance 61.117.00 A.1125 G5S2 
Salix sitchensis Proposed Alliance 61.206.00 A.2599 G4S3? 
Salsola tragus Semi-natural Non-native 33.370.00 None U 
Salvia apiana Alliance 32.030.00 A.747 G4S3 
Salvia dorrii Alliance 33.320.00 A.1129 G4S3 
Salvia leucophylla Alliance 32.090.00 A.748 G4S4 
Salvia mellifera Alliance 32.020.00 A.749 G4S4 
Sambucus nigra subsp. canadensis Alliance 63.410.00 A.935 G3S3? 
Sambucus racemosa Proposed Alliance 39.020.00   G5S3? 
Saxifraga nidifica - Mimulus rubellus Proposed Alliance 91.124.00   G4?S3?
Saxifraga tolmiei Proposed Alliance 91.125.00 A.1653 G4S3 
Schoenoplectus acutus Alliance 52.122.00 A.1443 G5S4 
Schoenoplectus americanus Alliance 52.111.00 A.1432 G5S4 
Schoenoplectus californicus Alliance 52.114.00 A.1171 G4S3 
Schoenoplectus maritimus Alliance 52.112.00 A.1444 G5S3 
Schoenoplectus spp. - Typha spp. Alliance 52.102.00   G5S3? 
Scirpus microcarpus Alliance 52.113.00 A.2619 G4S3 
Selaginella bigelovii Alliance 42.062.00   G4S4? 
Senecio triangularis Alliance 45.419.00 A.1667 G5S4 
Sequoia sempervirens Alliance 86.100.00 A.110 G3S3 
Sequoiadendron giganteum Alliance 86.200.00 A.101 G3S3 
Sesuvium verrucosum Proposed Alliance 52.210.00 A.1865 G4S4? 
Simmondsia chinensis Proposed Alliance 33.005.00 A.853 G4S2? 
Solidago canadensis Alliance 45.420.00 A.2614 G5S4 
Sparganium angustifolium Alliance 52.010.00 A.1760 G5S4 
Spartina foliosa Alliance 52.020.00 A.2611 G3S3 
Spartina gracilis Alliance 52.030.00 A.1407 G3S2? 
Spergularia marina Provisonal alliance 52.213.00   G3S3? 
Spiraea douglasii Proposed Alliance 39.050.00 A.997 G4S3? 
Sporobolus airoides Alliance 41.010.00 A.1267 G4S3 
Stuckenia pectinata Alliance 52.203.00 A.1764 G4S3 
Suaeda moquinii Alliance 36.200.00 A.941 G4S4 
Swallenia alexandrae Unique Stands 41.600.00   G1S1 
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Tamarix spp. Semi-natural Non-native 63.810.00 A.842 U 
Tetracoccus hallii Unique Stands 33.350.00   G4S3? 
Tidestromia oblongifolia Proposed Alliance 33.330.00   G4S3? 
Torreyochloa pauciflora Alliance 45.171.00   G4S3? 
Toxicodendron diversilobum Alliance 37.940.00 A.2610 G5S4 
Trifolium longipes Alliance 45.426.00   G4S4 
Trifolium variegatum Alliance 42.005.00   G3S3? 
Tsuga heterophylla Alliance 84.200.00 A.112 G5S3 
Tsuga mertensiana Alliance 84.100.00 A.146 G5S4 
Typha (angustifolia, domingensis) Alliance 52.050.00 A.1472 G4S3 
Typha latifolia Alliance 52.040.00 A.1393 G5S5 
Umbellularia californica Alliance 74.100.00 A.87 G4S4 
Vaccinium caespitosum Alliance 45.405.00 A.2586 G4S4 
Vaccinium uliginosum Alliance 45.410.00 A.1573 G4S3? 
Venegasia carpesioides Alliance 39.030.00   G3S3 
Veratrum californicum Alliance 45.423.00 A.1663 G4S4 
Viguiera parishii Alliance 33.032.00 A.2526 G4S4 
Viguiera reticulata Alliance 33.033.00 A.2539 G3S3? 
Washingtonia filifera Alliance 61.520.00 A.485 G3S3 
Xanthium strumarium Semi-natural Non-native 45.550.00   G5S5 
Yucca brevifolia Alliance 33.170.00 A.884 G4S3 
Yucca schidigera Alliance 33.070.00 A.881 G4S4 
Ziziphus obtusifolia Unique stand 33.225.00   G2S2? 
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SECTION 1.0 INTRODUCTION AND BACKGROUND 
 
This Jurisdiction Delineation Package (Package) has been prepared by URS Corporation 
(URS) for the Newhall Land and Farming Company (Newhall Land) in cooperation with 
agency representatives from the U.S. Army Corps of Engineers (Corps) and the California 
Department of Fish and Game (CDFG), in support of the Newhall Ranch project Corps 404 
and CDFG 1603 permitting processes. The purpose of this package is to facilitate the two 
agencies’ determination of jurisdiction boundaries of the portion of the Santa Clara River and 
its tributaries located within the Newhall Ranch project area. This Package will be formally 
submitted to both the Corps and CDFG with a request for a jurisdiction determination from 
each. This jurisdiction determination will be used for both federal and state environmental 
review and impact assessment under the National Environmental Policy Act (NEPA) and the 
California Environmental Quality Act (CEQA), respectively, for the Newhall Ranch project 
in Valencia, California. 
 
This jurisdiction delineation for the Newhall Ranch project is organized as follows: Section 
1.0 – Introduction and Background; Section 2.0 – Jurisdiction Delineation Methods; Section 
3.0 – Project Area Characteristics, including the existing physical, hydrologic/hydraulic, and 
habitat characteristics of the five major jurisdictional watersheds found within the Newhall 
Ranch project boundary, along with other minor unnamed tributaries; Section 4.0 – Results 
of the Jurisdiction Delineation; and Section 5.0 – References. 
 
1.1 PROJECT OVERVIEW 
 
The proposed Newhall Ranch project activities that may affect jurisdictional areas are the 
construction and maintenance of flood control facilities, utility crossings, storm drains, 
bridges, roads, building pads, nature trails, and a water reclamation facility. These facilities 
would supply, in an economically practicable manner, a portion of the infrastructure required 
over the next 20 years to build out the approved Newhall Ranch Specific Plan area’s (Figure 
1-1) residential, commercial, industrial, mixed uses, and public facilities.  
 
The various proposed projects would be constructed by Newhall Land or other private or 
public agencies. The proposed 404 permit and 1603 Master Agreement would also include 
routine maintenance activities to be carried out by the Los Angeles County Department of 
Public Works (LACDPW) using the 404 permit and 1603 Master Agreement issued to 
Newhall Land. Any party utilizing a 404 permit and 1603 Master Agreement issued to 
Newhall Land would be bound by the same conditions in the 404 permit and/or the 1603 
Master Agreement.  
 
By seeking a long-term, comprehensive 404 permit and 1603 Master Agreement, Newhall 
Land can facilitate a well planned and streamlined permit evaluation and decision process by 
the Corps and CDFG, and can provide an opportunity to design a long-term, regionally-based 
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planning and mitigation program for impacts to the affected riverine habitats. The 404 permit 
and 1603 Master Agreement would allow projects to be implemented under specific regional 
conditions, thereby avoiding the traditional project-by-project permitting process, expediting 
the permitting process for qualified projects, and ensuring consistent biological mitigation. In 
addition, the permits would provide a long-term, conditional authorization for ongoing and 
future maintenance activities by LACDPW. 
 
The proposed federal action under consideration consists of the issuance of an individual 
permit under Section 404(b)(1) of the federal Clean Water Act (CWA) for those activities 
that would result in the discharge of fill or dredged material into “waters of the United 
States.” Issuance of a 404(b)(1) permit also requires the Corps to complete an endangered 
species consultation (pursuant to Section 7 of the federal Endangered Species Act) with the 
U.S. Fish and Wildlife Service (USFWS). Consultation with the National Marine Fisheries 
Service (NMFS) may also be required.  
 
The proposed state action would be the execution of a Master Agreement Regarding 
Proposed Lake or Streambed Alteration (1603 Agreement) under Section 1603 of the 
California Fish and Game Code for the activities that would alter the “...natural flow or 
substantially change the bed, channel, or bank of any river, stream...” and may substantially 
adversely affect existing fish and wildlife resources. In addition to executing a 1603 Master 
Agreement, CDFG is required to issue a determination (pursuant to Fish and Game Code 
2080.1) of whether the incidental take of species that are listed as threatened or endangered 
by both the state and federal governments has been authorized by USFWS, and is consistent 
with the California Endangered Species Act (CESA). Furthermore, CDFG must issue an 
incidental take permit for all state-only listed species pursuant to Fish and Game Code 2081. 
 
1.2 CORPS AND CDFG JURISDICTION CRITERIA 
 
Section 404 of the CWA requires authorization from the Corps for all discharges of dredged 
or fill material into waters of the U.S., including jurisdictional wetlands. Waters of the United 
States are defined in the Code of Federal Regulations (33 CFR 328.3), and include all rivers 
and streams, including ephemeral and intermittent streams. The extent of Corps jurisdiction 
over non-tidal waters in the absence of adjacent wetlands is defined by the “ordinary high 
water mark (OHWM).” In 33 CFR Part 329.1, the OHWM is defined as the line on the shore 
established by the fluctuations of water and indicated by physical characteristics such as a 
clear, natural line impressed on the bank; shelving; changes in the character of the soil; 
destruction of terrestrial vegetation; or the presence of litter and debris. In general, the 
OHWM for a stream is usually determined through an examination of the recent physical 
evidence of surface flow in the stream channel. This evidence may include, but is not limited 
to, a clear, natural scour line impressed on the bank; recent bank erosion; destruction of 
 
S:\03 PROJ\Newhall Ranch Draft EIS\Jurisdiction Package\Final JD Package\Final Jursdiction Text 12-13-03.doc 1-2 



 
SECTION 1.0 INTRODUCTION AND BACKGROUND 
 
native terrestrial vegetation; and the presence of litter and debris. For many small arid 
watersheds, the presence of continuous upland vegetation in the stream channel is a good 
indicator that it only conveys surface flow during extremely large storm events and, as a 
result, would not usually constitute a jurisdictional water of the U.S. However, the presence 
of native riparian species in a dry wash is usually a good indicator that the stream channel 
usually exhibits surface flow during both small and moderate storm events (Corps, 2001). 
 
The CDFG has direct jurisdiction over any activity diverting or obstructing natural flow or 
modifying the bed, bank, or channel of any river, stream, or lake designated by CDFG in 
which there is an existing fish or wildlife resource that may be substantially adversely 
affected, or from which these resources derive benefit, under California Fish and Game Code 
1601-1603. CDFG asserts jurisdiction over state water bodies and watercourses that exhibit a 
defined bed and bank. The upward limit of CDFG jurisdiction is generally the top of the 
bank, which often extends farther outward than does the Corps’ CWA jurisdiction. CDFG 
1601 and 1603 codes are similar to the federal CWA 404 permit, but the area of jurisdiction 
is often determined on a case-by-case basis for the location, nature, and extent of disturbance. 
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SECTION 2.0 JURISDICTION DELINEATION METHODS 
 
The delineation of jurisdictional boundaries within the Newhall Ranch project area began in 
1992 with the Corps’ jurisdictional survey of Potrero Canyon (Figure 2-1). This survey 
determined the extent of a portion of the watershed that met the criteria for waters of the U.S. 
under Section 404 of the CWA. The Corps also conducted a survey of the main stem of the 
Santa Clara River in 1993 (Figure 2-2). 
 
In April of 1994, CDFG prepared a Stream Alteration Agreement (No. 5-1001-94) for the 
portion of the Santa Clara River located within the Newhall Ranch project area (Figure 2-3). 
 
Since 1994, Newhall Land staff has continued to work with the Corps and CDFG to define 
what the jurisdiction within the project area was per each agency’s delineation criteria. 
However, in 2000 these activities ceased while additional environmental analysis was 
conducted for the Newhall Ranch Specific Plan.  
 
The Los Angeles County Board of Supervisors’ approval of the Newhall Ranch Specific Plan 
on May 27, 2003, triggered the need to resume jurisdiction delineation activities. Since then, 
Newhall Land and Farming and its consultants have met with agency representatives and 
conducted several day-long field visits in the project area to look at the tributary drainages to 
reach concurrence and build upon the previous work regarding their jurisdictional status. 
Additional meetings have been held with the agencies in an effort to complete this portion of 
the permitting process. This document contains the results of those activities and serves as a 
tool to complete the jurisdictional determination process.  
 
2.1 METHODS 
 
A variety of methods have been employed during this process to delineate the watersheds 
located within the Newhall Ranch project boundary, including analysis of historic data, 
incorporation of previous jurisdictional determinations by the Corps and CDFG, aerial photo 
interpretation in conjunction with topographic data, and geographic information systems 
(GIS) technology. Field assessments have also been carried out to verify the delineations 
completed using digital technology, and to gather additional locational data via the use of 
global positioning systems (GPS) equipment to further refine the jurisdictional area.  
 
This delineation, as shown on Figures 3-1 and 3-2, reflects a concerted effort to provide a 
conservative assessment of the Newhall Ranch project area to include all drainages that meet 
the agencies’ criteria for inclusion within their jurisdictional areas. This delineation has been 
prepared in consultation with agency representatives both in the field and via review of 
previously prepared delineations of the area.  
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SECTION 3.0 WATERSHED CHARACTERISTICS 
 
This section presents the existing physical, hydrologic/hydraulic, and habitat characteristics 
of the five major jurisdictional watersheds found within the Newhall Ranch project 
boundary, including Chiquito Canyon, Long Canyon, San Martinez Grande Canyon, Potrero 
Canyon, and the main stem of the Santa Clara River. Descriptions of the habitat types found 
in the other minor watersheds are also included. Figures 3-1 and 3-2 depict the jurisdiction 
delineation. The purpose of the discussion presented below is to provide the context in which 
the jurisdiction delineation has been formulated for the OHWM per the Corps’ regulatory 
criteria, and bed and bank per CDFG’s regulatory criteria, as described in Sections 1.2 and 
2.0. 
 
3.1 CHIQUITO CANYON EXISTING CHARACTERISTICS 
 
3.1.1 Watershed Description and Characteristics 
 
The 4.8-square mile (3,072-acre) Chiquito Canyon watershed is a tributary to the northern 
bank of the Santa Clara River within the Newhall Ranch project area (Figure 3-1). 
Approximately 2,300 acres of Chiquito Canyon, or almost 75 percent of the watershed area, 
is located upstream or offsite of the Newhall Ranch property boundary. The overall 
watershed drainage pattern creates a dogleg in which the headwaters flow in a general west 
to east direction, while the remaining lower portion of the creek flows in a north to south 
direction, joining the Santa Clara River Valley. The overall watershed boundary has a shape 
such that the larger portion of the drainage area is tributary in the upper watershed, with the 
width of the watershed narrowing downstream. The width of the watershed as measured 
between the watershed ridgelines ranges from approximately 7,000 feet in the upper 
watershed, to between 4,000 to 2,000 feet in the lower portion of the watershed. The shape of 
the watershed is important as it influences the time when runoff reaches the outlet or the 
response of the watershed to rainfall events. The distance from the upper headwaters to the 
canyon mouth is approximately 24,000 feet with an average overall slope of 0.054. The 
major natural main stem drainage course within the watershed has an average slope that 
varies in the upper watershed from 0.043 to approximately 0.029 in the lower reaches of the 
watershed through the Newhall Ranch property.  
 
The majority of the Chiquito Canyon watershed is characterized by both rugged and steeply 
developed foothills that have numerous smaller tributary canyons that dissect the watershed, 
connecting to the narrow alluvial valley associated with the main stem creek. Approximately 
90 percent or more of the watershed consists of this rugged foothill topography, with the 
remainder being the narrow, relatively flat valley floor. The topography for the watershed 
varies from a maximum elevation of 2,215 feet above mean sea level (amsl) in the 
headwaters, to a low elevation of 920 feet amsl near the mouth of the canyon in the Santa 
Clara River Valley.  
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Generally, the soils in the watershed are characterized as silty clay loams from both the 
Castaic and Saugus formations. Also, the soils within the Chiquito Canyon watershed can be 
predominately classified as being in hydrologic soil group C (higher runoff potential) with 
the exception of areas adjacent to the main stem creek that are Type A (lower runoff potential 
or higher infiltration rate) and Type B (moderate runoff potential) in the lower reaches. 
Existing urbanized areas within the watershed that would affect increased impervious areas 
affecting runoff include the community of Val Verde, which has a population of 
approximately 1,700 people and approximately 530 housing units covering 211 acres. There 
are no major flood control improvements or dams within the watershed other than several 
road culvert/bridge crossings such as that at State Route (SR) 126 that would influence the 
watershed response to rainfall events. Detailed hydrologic modeling has been performed to 
evaluate the existing baseline conditions, and the results of the estimated peak discharges for 
several storm return periods at the downstream canyon mouth are summarized in Table 3-1. 
 

TABLE 3-1 
CHIQUITO CANYON EXISTING WATERSHED 

HYDROLOGY PEAK DISCHARGES 
 

Canyon Mouth Upstream Newhall Boundary Return Period 
Area = 4.8 sq. miles Area = 3.6 sq. miles 

2-year 216 cfs 180 cfs 
5 – year 545 cfs 459 cfs 
10-year 1,252 cfs 1,074 cfs 
20-year 2,785 cfs 2,378 cfs 
50-year 3,768 cfs 3,140 cfs 
100-year 4,663 cfs 3,917 cfs 

 
3.1.2 Stream Characteristics 
 
The lower portion of Chiquito Canyon is generally located in the canyon floor and follows a 
mildly sinuous pattern with long linear meanders reflecting the influence of the 
physiographic features. The active creek is more deeply incised in the lower 2,500 feet of 
channel upstream from the SR 126 roadway crossing, while the remainder has developed a 
shallower active channel and wider drainage area. The hydraulics along this portion of the 
stream are also influenced by three different existing roadway crossing locations that include 
SR 126, a local access roadway arch crossing, and the Chiquito Canyon Road crossing. The 
average streambed slope of the channel indicated by the topographic data is relatively 
constant at approximately 0.029 along the 7,800-foot reach of the lower portion of the stream 
within the Newhall Ranch boundary (Figure 3-3). Representative cross sections illustrating 
the geometry of the drainage and the active channel are shown for the lower, middle, and 
upstream reaches for Chiquito Canyon in (Figures 3-4, 3-5, and 3-6). Detailed hydraulic 
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modeling of the existing drainage was performed, which indicated that this entire lower reach 
of Chiquito Canyon was hydraulically “steep,” generating higher velocities than a “mild” 
channel. A brief description of the hydraulic operation for the drainage from the downstream 
canyon mouth to the upstream Newhall Ranch boundary includes the following:  
 
Lower Reach 
 
1. Flows exit the SR 126 multi-span culvert crossing, expanding to the downstream earthen 

channel system that joins the Santa Clara River. This results in lowered velocity 
downstream through the expansion area of the valley floor.  
 

2. The arch roadway crossing upstream of SR 126 causes a hydraulic restriction that results 
in lower localized velocity immediately upstream of this location for medium to large 
storm events.  

 
Middle Reach 
 
3. The incised channel expands upstream of this location to the Chiquito Canyon Road 

crossing where the flows accelerate near the crossing location. 
 

4. Upstream of this location, the drainage expands over a much wider area in the valley 
floor but never encompasses the entire valley floor. The average velocity through the 
middle reach is slightly lower, but still relatively high, ranging from 10 to 22 feet per 
second (fps). 

 
Upper Reach 
 
5. Two areas of natural constrictions influence the remaining upstream portion of the stream 

located within Newhall Ranch. These constrictions accelerate the flow. This is followed 
by a large expansion area at the very upstream end of the Newhall Ranch boundary that 
has very low velocities of approximately 5 fps, as indicated by the high concentration of 
vegetation within the active channel in this location.  

 
The hydraulic characteristics of the 100-year storm event generated by the hydraulic 
modeling indicate that:  

 
1. The average depth is approximately 3.8 feet, ranging from 9.5 feet to 1.6 feet 

 
2. The average velocity is approximately 11.9 fps, ranging from 22 fps to 5 fps 
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3. The width of the stream water surface averages 195 feet, ranging from 285 feet to a 

minimum of 40 feet at the roadway crossing 
 
Higher velocities generally occur within the contracted and incised portions of the drainage, 
and lower velocities occur within expansion areas and flatter longitudinal streambed slopes. 
Lower velocities occur along the fringes of the drainage, while higher velocities are in the 
deeper portions of a channel section. A comparison of the boundaries for different storm 
return periods indicates that the majority of the drainage is generally contained within the 
active channel for the 2-year storm event, which is consistent with the “dominant discharge” 
or channel-forming discharges found in southern California streams. Larger events expand 
into the overbank areas, particularly in the middle portion of this part of the stream, while the 
upper and lower portions are constricted and more incised. During the larger storm events, 
the wider overbank areas in the mid-portion of the stream encompass active agricultural 
fields. 
 
3.1.3 Biological Characteristics 
 
The area surrounding the channel in Chiquito Canyon within the Newhall Ranch project area 
is primarily comprised of agricultural land. However, the upstream areas of the watershed 
outside the project area are dominated by several habitat types including coastal sage scrub 
(CSS) with patches of chamise chaparral (CC), mixed chaparral (MC), and southern willow 
scrub (SWS). As noted in the description of the watershed, the upper portion of the drainage 
at the northern project boundary contains dense vegetation, indicating very low velocity flow 
during storm events. These habitat types are described as: 
 
Coastal Sage Scrub (CSS): Coastal sage scrub habitat is characterized by a dominance of 
drought-deciduous plant species of the coastal hills. On the Newhall Ranch property, the 
dominant species that occur in this plant community include California sagebrush (Artemisia 
californica), purple sage (Salvia leucophylla), common encelia (Encelia californica), 
California buckwheat (Eriogonum fasciculatum), and California broom (Lotus scoparius). 
Coastal sage scrub habitat is distributed in Newhall Ranch on the drier south-facing slopes of 
the hilly lowlands, and on north-facing slopes and canyons of the Santa Susana Mountains.  
 
Chamise Chaparral (CC): Chamise chaparral is characterized by relatively homogeneous 
stands of the shrub chamise (Adenostoma fasciculatum).  
 
Mixed Chaparral (MC): The dominant plant species of mixed chaparral communities are 
comprised of a variety of shrubs at more or less equal densities. Shrub species present in this 
habitat type on the Newhall Ranch property include hoaryleaf ceanothus (Ceanothus 
crassifolius), coast blue lilac (Ceanothus tomentosus), lemonadeberry (Rhus integrifolia), 
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laurel sumac (Malosma laurina), toyon (Heteromeles arbutifolia), black sage (Salvia 
mellifera), white sage (Salvia apiana), and chamise. Understory components are poorly 
developed due to the dense vegetation cover. 
  
Southern Willow Scrub (SWS): This riparian habitat community type is dominated by 
willow shrubs and small trees, such as arroyo willow (Salix lasiolepis), red willow (Salix 
laevigata), and narrow-leaved willow. Mule fat shrubs are often co-dominant with the 
willows. These thickets often lack a well-developed understory. Southern willow scrub is 
found along the Santa Clara River along the banks of the low-flow channel where frequent 
flood disturbance prevents the community from developing into riparian woodland. The 
habitat is also found in the drainages within Chiquito Canyon, Potrero Canyon, and Salt 
Creek Canyon. This habitat type includes areas where grazing, clearing, or other factors have 
opened the willow scrub habitat, allowing either giant cane to invade or an herbaceous layer 
to develop in the openings. 
 
Like many willow-dominated riparian habitats in California, southern willow scrub has been 
greatly reduced throughout its range, and provides valuable habitat for many special wildlife 
species, particularly songbirds.  
 
In contrast to the vegetation found in the upper portion of Chiquito Canyon within the project 
area, the vegetation found in the downstream portion of the drainage within the project area 
is quite diverse, supporting scalebroom scrub (SS), coast live oak woodlands (LOW), and 
Great Basin scrub (GBS). These habitat types are described as: 
 
Scalebroom Scrub (SS): Similar to alluvial scrub, scalebroom scrub (Lepidospartum scrub) 
is characterized by homogeneous stands of scalebroom that grow in arroyos and washes. Due 
to the sparse, nearly pure stands of scalebroom, wildlife use of this community type tends to 
be low, but similar to the other scrub habitat situated within drainages (i.e., alluvial scrub, 
Great Basin scrub). 
 
Coast Live Oak Woodland (LOW): Coast live oak woodlands are typically located in 
riparian areas on the drier margins of the drainage where trees of coast live oak (Quercus 
agrifolia) dominate the community. Coast live oak woodlands in the study area occur on the 
outer, drier portions of the Santa Clara River drainage, especially on the south side of the 
river near the foothills and slopes of the surrounding hills. Isolated individuals of coast live 
oak occur on the terraces of drier sites.  
 
Great Basin Scrub (GBS): Great basin scrub is characterized by an almost pure stand of big 
sagebrush (Artemisia tridentata). This habitat occurs on Newhall Ranch within the arroyos 
and on the upper terraces adjacent to the riparian areas along the major drainages.  
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3.2 LONG CANYON EXISTING CHARACTERISTICS 
 
3.2.1 Watershed Description and Characteristics 
 
The 1.53-square mile (981-acre) Long Canyon watershed is a tributary to the southern 
canyon side of the Santa Clara River within the Newhall Ranch project area (Figure 3-1). 
Approximately 390 acres of Long Canyon, or almost 40 percent of the watershed area, is 
located upstream and offsite of the Newhall Ranch property boundary. The major drainage 
course within the watershed flows generally in an easterly to westerly direction, joining the 
Santa Clara River Valley.  
 
The overall watershed boundary, as defined by the topography and ridgelines, is very long 
and linear in shape, which influences the watershed response to rainfall. The width of the 
watershed boundary is fairly uniform with limited variation. The average width measured 
between ridgelines is approximately 3,000 feet and varies from 2,000 to 3,500 feet. The 
shape of the watershed has an important effect on the runoff response from the drainage area 
since it influences when runoff reaches the outlet. A linear watershed such as Long Canyon 
will distribute the runoff more uniformly over time, spreading the effect of the tributary 
drainage area and a flattening or spreading of the runoff hydrograph. Another indicator of the 
watershed shape is the length to width ratio, which has a value of approximately 6, and 
would describe a long watershed. The distance from the upper headwaters to the canyon 
mouth outlet is approximately 18,000 feet, with an average overall slope of 0.055. The major 
natural main stem drainage course within the watershed has an average slope that varies in 
the upper watershed from 0.039 to approximately 0.026 in the lower reaches of the watershed 
through the Newhall Ranch property.  
 
The majority of the Long Canyon watershed is characterized by both rugged and steeply 
developed foothills that have numerous smaller linear tributary canyons that enter the 
watershed, connecting to the narrow alluvial valley associated with the main stem creek. 
Approximately 80 percent or more of the watershed consists of the rugged foothill 
topography, with the remainder being the narrow valley floor. The topography for the 
watershed varies from a maximum elevation of 1,918 feet amsl in the headwaters, to a low 
elevation of 934 feet amsl near the mouth of the canyon at the Santa Clara River Valley.  
 
Generally, the soils in the watershed are characterized as silty clay loams from both the 
Castaic and Saugus formations. Also, the soils within the Long Canyon watershed can be 
predominately classified as being in hydrologic soil group C (higher runoff potential) with 
exception of areas adjacent to the main stem creek and canyon floor that are Type A (lower 
runoff potential) and Type B in the lower reaches. Detailed hydrologic modeling has been 
performed to evaluate the baseline existing watershed conditions, and the results of the 
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estimated peak discharges for several storm return periods at the downstream canyon mouth 
are summarized in the following table: 
 

TABLE 3-2 
LONG CANYON EXISTING WATERSHED 

HYDROLOGY PEAK DISCHARGES 
 

Canyon Mouth Upstream Newhall Boundary Return Period 
Area = 1.53 sq. miles Area = 0.61 sq. miles 

2-year 62 cfs 30 cfs 
5 – year 159 cfs 75 cfs 
10-year 367 cfs 175 cfs 
20-year 862 cfs 395 cfs 
50-year 1163 cfs 535 cfs 
100-year 1455 cfs 663 cfs 

 
3.2.2 Stream Characteristics 
 
The lower Long Canyon drainage extends from the mouth of the canyon at the Santa Clara 
River to the Newhall Ranch boundary, approximately 8,600 feet upstream of the canyon 
mouth. The geomorphology of the active stream reflects a long and mildly sinuous alignment 
with long linear meanders reflecting the influence of the physiographic features. The 
meanders of the active channel tend to reflect off the canyon walls, and the meanders 
alternate from the sides of the canyon. The average streambed slope of the channel indicated 
by the topographic data varies with the upstream portion steeper, and the lower portion 
tending to flatten out proceeding downstream. The average slopes ranges from 0.039 in the 
upper reaches to 0.026, with the streambed indicating this average trend through the length of 
the drainage. There are minor variations in the streambed slope where minor depositional 
areas are encountered associated with contractions in the creek geometry (Figure 3-7).  
 
The downstream 2,000 feet has a less defined active channel and a much wider canyon floor 
that reflects a classic alluvial canyon depositional form associated with the sediment 
delivered from the upper canyon. The canyon widens in this area to approximately 400 feet. 
The remaining portion of the creek is more incised and the canyon floor is much narrower, 
averaging 100 feet or less. Representative cross sections illustrating the geometry of the 
drainage and the active channel are shown for the lower, middle, and upstream reaches for 
Long Canyon (Figures 3-8, 3-9, and 3-10). There are no manmade structures along the 
drainage that influence the hydraulic operation.  
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Detailed hydraulic modeling of the existing drainage was performed and indicated that this 
entire lower reach of Long Canyon was hydraulically “steep” (Froude numbers greater than a 
value of 1.0), generating higher velocities than a “mild” channel.  
 
A brief description of the hydraulic operation of this 8,600-foot-length drainage for Long 
Canyon from the downstream canyon mouth to the upstream Newhall Ranch boundary 
includes the following:  
 
Lower Reach 
 
1. The lower 2,000 feet of drainage near the canyon mouth to the Santa Clara River Valley 

is very wide, much larger than the upper portion of the drainage by a factor of five, 
because the channel is less defined and the slopes are flatter, which has resulted in 
deposits creating a wide valley floor.  
 

2. The wide drainage in the lower reach also reflects much lower velocities across its entire 
width in the canyon floor.  

 
Middle Reach 
 
3. Immediately upstream of the wider valley floor, the channel becomes more incised and 

deeper.  
 

4. This mid-portion of the stream follows an extremely linear alignment, and the width is 
very constant with very limited overbank flows.  

 
Upper Reach 
 
5. Continuing upstream in the upper portion of the stream are a series of contraction areas 

that results in larger drainage expansions resulting in some depositional areas.  
 

6. The upper portion of the drainage generally extends across the entire canyon bottom, but 
the canyon is also narrower than farther downstream.  
 

7. The upper canyon is slightly wider than the mid-portion because there are some overbank 
flows, and this portion is less deeply incised than the mid-portion of the canyon.  

 
The hydraulic characteristics of the 100-year storm event generated by the hydraulic 
modeling indicates that: 
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1. The average depth is approximately 2.4 feet, ranging from 6.7 feet to 0.7 feet 

 
2. The average velocity is approximately 7.8 fps, ranging form 17 fps to 3.5 fps 

 
3. The width of the stream water surface averages 140 feet, ranging from 420 feet to 29 feet 

at a constriction in the mid-portion of the channel 
 
Higher velocities generally occur within the contracted and incised portions of the drainage, 
with lower velocities in expansion areas and flatter longitudinal streambed slopes. The wider 
drainage areas near the mouth of the canyon reflect the sediment deposits that have occurred 
in the fan-type formation in the canyon floor. Lower velocities occur along the fringes of the 
drainage, while the higher velocities occur in the deeper portions of a channel section. 
 
3.2.3 Biological Characteristics 
 
Both sides of this watershed contain habitat types comprised primarily of coastal sage scrub 
(CSS), with small pockets of chamise chaparral (CC), and grassland (G) present. Within the 
stream channel, there is a mixture of grassland, elderberry scrub (ES), live oak woodland 
(LOW), alluvial scrub (AS), great basin scrub (GBS), mixed chaparral (MC), and alluvial 
scrub. Habitat types not described in Section 3.1.3 are described as: 
 
Grassland (G): The grassland areas of the Newhall Ranch property are dominated by non-
native grasses, such as ripgut grass, smooth brome, foxtail chess, and downy brome (Bromus 
diandrus, B. hordaceous, B. madritensis ssp. rubens, and B. tectorum, respectively); wild 
oats and slender wild oats (Avena fatua and A. barbata, respectively); hare barley (Hordeum 
leporinum); and rattail fescue (Vulpia myorus var. hirsuta). Some native and non-native 
herbaceous species that occur among the grasses are dove weed (Eremocarpus setigerus), 
common cryptantha (Cryptantha intermedia), purple owl’s clover (Castilleja exserta), white-
stemmed filaree (Erodium cicutarium), short-pod mustard (Hirschfeldia incana), radish 
(Rhaphanus sativa), cheeseweed (Malva parviflora), and London rocket (Sisymbrium irio).  
 
Elderberry Scrub (ES): Thickets of blue elderberry (Sambucus mexicana) characterize this 
community type. It generally occurs on the Newhall Ranch property in association with 
riparian and scrub communities. Elderberry scrub is not a common vegetation type and has 
been greatly reduced throughout its range, particularly in southern California.  
 
Alluvial Scrub (AS): Alluvial scrub habitat is characterized as a mixture of shrubs that 
colonize alluvial materials within intermittent creeks, arroyos, and the drier terraces within 
large washes. Alluvial scrub typically occurs adjacent to and intergrades with sage scrub 
communities on higher ground, and with riparian communities in the drainage. These sandy-
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gravelly flood-deposited soils have a deeper permanent water table and flood infrequently; 
thus, they support a primarily upland plant association. Plant species observed in this habitat 
type on the ranch include big sagebrush, scalebroom (Lepidospartum squamatum), blue 
elderberry, big saltbush (Atriplex lentiformis), and squaw bush (Rhus trilobata), with some 
areas having high densities of big sagebrush. There are generally three phases of alluvial 
scrub growth, which are directly related to elapsed time since the last scouring flood event: 
pioneer, intermediate, and mature. Alluvial scrub is situated within the drier portions of the 
arroyos and washes.  
 
3.3 SAN MARTINEZ GRANDE CANYON EXISTING CHARACTERISTICS 
 
3.3.1 Watershed Description and Characteristics 
 
The 3.3-square mile (2,111-acre) San Martinez Grande Canyon watershed is a tributary to the 
northern bank of the Santa Clara River within the Newhall Ranch project area (Figure 3-1). 
Approximately 200 acres of San Martinez Grande Canyon, or only 10 percent of the 
watershed area, is located within the Newhall Ranch property boundary, with the majority 
being upstream or offsite. The drainage in the headwaters flows generally west to east, while 
the remaining lower portion of the creek flows north to south, similar in alignment to 
Chiquito Canyon and joining the Santa Clara River Valley.  
 
The shape of the overall watershed has a dogleg-type appearance similar to Chiquito Canyon, 
which is the adjacent watershed. The overall watershed boundary, based upon the topography 
and ridgelines, develops a shape such that a larger portion of the drainage area is tributary in 
the mid-portion of the watershed. The width of the watershed narrows in both the upstream 
and downstream tails of the watershed while the central portion of the watershed widens to 
approximately 6,800 feet in width. The shape of the watershed is important since it 
influences when runoff reaches the outlet. Although the watershed is relatively long, the 
large width in the central portion of the watershed will result in delivering more runoff in a 
shorter amount of time, and with less influence from the upper watershed drainage area.  
 
The distance from the upper headwaters to the canyon mouth is approximately 20,000 feet 
with an average overall slope of 0.059. The major natural main stem drainage course within 
the watershed has an average slope in the lower reaches of the watershed through the 
Newhall Ranch property of approximately 0.022 (Figure 3-11).  
 
The majority of the San Martinez Grande Canyon watershed is characterized by both rugged 
and steeply developed foothills that have numerous smaller tributary canyons that dissect the 
watershed, connecting to the narrow alluvial valley associated with the main stem creek. 
Approximately 90 percent or more of the watershed consists of the rugged foothill 
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topography with the remainder being the narrow valley floor. The topography for the 
watershed varies from a maximum elevation of 2,062 feet amsl in the headwaters, to a low 
elevation of 890 feet amsl near the mouth of the canyon at the Santa Clara River Valley.  
 
Generally, the soils in the watershed are characterized as silty clay loams from both the 
Castaic and Saugus formations. Also, the soils within the San Martinez Grande Canyon 
watershed can be predominately classified as being in hydrologic soil group C (higher runoff 
potential) with exception of areas adjacent to the main stem creek that are Type A (lower 
runoff potential) and Type B in the lower reaches.  
 
There are no major flood control improvements or dams within the watershed, other than 
several road culvert/bridge crossings such as the SR 126, which would influence the 
watershed response to rainfall events. Detailed hydrologic modeling has been performed to 
evaluate the baseline existing watershed conditions, and the results of the peak discharges for 
several storm return periods at the downstream canyon mouth are summarized in Table 3-3. 
 

TABLE 3-3 
SAN MARTINEZ GRANDE CANYON 

EXISTING WATERSHED HYDROLOGY 
 

Canyon Mouth Upstream Newhall Boundary Return Period 
Area = 3.3 sq. miles Area = 2.9 sq. miles 

2-year 116 cfs 105 cfs 
5-year 304 cfs 276 cfs 
10-year 719 cfs 655 cfs 
20-year 1727 cfs 1564 cfs 
50-year 2346 cfs 2152 cfs 
100-year 2951 cfs 2653 cfs 

 
3.3.2 Stream Characteristics 
 
The lower San Martinez Grande Canyon Creek extends approximately 4,800 feet upstream 
from the canyon mouth at the Santa Clara River Valley to the Newhall Ranch boundary. The 
geomorphology of the active creek reflects a more highly variable and sinuous alignment that 
indicates the influence of the physical and topographic features. There is also a much greater 
variation of the active channel geometry (i.e. width and depth) along this relatively short 
reach of channel. Representative cross sections illustrating the geometry of the drainage and 
the active channel are shown for the lower, middle, and upstream reaches of San Martinez 
Grande Canyon (Figures 3-12, 3-13, and 3-14). The active portion of the creek is more 
deeply incised below the canyon valley floor. The drainage is generally entirely contained 
within the active creek banks, and there is little overbank flow. The changes in creek 
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geometry and form may indicate influences from the upper watershed that affect the 
sediment delivery.  
 
The changes in channel geometry are also reflected in coincidental variations of the 
streambed slope. The slope variations are generally higher in the contractions of the channel 
geometry and flatter in the expansion areas, upstream and downstream. The average 
streambed slope of the channel indicated by the topographic data is approximately 0.022. The 
average slope ranges are from 0.08 in the contraction to 0.005 in the wider expansion zones 
located generally upstream of the contractions. The most upstream 500 feet near the Newhall 
Ranch project boundary has a less defined active channel and a much wider canyon floor, 
which reflects depositional area, and which contains increased riparian vegetation. The only 
manmade structure that influences the hydraulic operation is the roadway culvert crossing for 
SR 126, but this appears to have sufficient hydraulic capacity with minimal effects to the 
drainage.  
 
Detailed hydraulic modeling of the existing drainage was performed and indicated that 
approximately 50 percent of the lower reach of the San Martinez Grande Canyon was 
hydraulically “steep” (Froude numbers greater than a value of 1.0), while the remainder of 
the canyon, primarily the upper portion near the Newhall Ranch boundary, was hydraulically 
a “mild” channel. The hydraulic analysis also indicated at several locations the influence of 
contractions in the channel geometry, which controlled the hydraulics upstream and 
downstream of these locations. A brief description of the hydraulic operation of this 4,800-
foot length drainage for San Martinez Canyon from the downstream canyon mouth to the 
upstream Newhall Ranch boundary includes the following:  
 
Lower Reach 
 
1. The immediate downstream portion of the drainage near the canyon mouth to the Santa 

Clara River is associated with a more prismatic earthen section that connects to the SR 
126 roadway crossing, and velocities downstream of the bridge increase from its 
influence.  
 

2. Upstream of the bridge crossing, the channel significantly widens into a large incised 
erosional feature that reduces the velocities.  
 

3. Continuing upstream into the canyon mouth, the creek geometry contracts and the 
velocities accelerate in this area along with the streambed slopes being steeper.  
 

4. Continuing still through the topographic canyon mouth feature where the canyon 
narrows, the creek passes through several additional contractions and large expansion 
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zones, which is also indicated by the zones of riparian vegetation that occur in the 
expansion zones.  
 

5. The velocities in the contractions can range from 12 fps to 16 fps, while the expansion 
areas are in the 6 fps range.  

 
Middle Reach 
 
6. Continuing through the mid-portion of the canyon, the channel is fairly incised with the 

velocities averaging from 9 fps to 12 fps and encountering some variation in the channel 
geometry.  

 
Upper Reach 
 
7. The upstream 500 to 800 feet of the drainage significantly widens, which reflects the 

limited channel depth or incision, and the wider alluvial deposits that appear to have 
occurred from a significant contraction in the channel geometry influencing the upstream 
hydraulic operation.  

 
The hydraulic characteristics of the 100-year storm event generated by the hydraulic 
modeling indicates that:  
 
1. The average depth is approximately 6.4 feet, ranging from 15 feet to 2.9 feet 

 
2. The average velocity is approximately 8.9 fps, ranging form 19 fps to 2.2 fps 

 
3. The width of the creek water surface averages 110 feet, ranging from 220 feet to 42 feet 

consistent with the various channel constrictions 
 
Higher velocities generally occur within the contracted and incised portions of the drainage 
and lower velocities within expansion areas and flatter longitudinal streambed slopes. Lower 
velocities occur along the fringes of the drainage, while the higher velocities are in the deeper 
portions of a channel section.  
 
3.3.3 Biological Characteristics 
 
The San Martinez Grande watershed contains a diverse variety of habitats including Great 
Basin scrub (GBS), mule fat scrub (MFS), coastal sage scrub (CSS), and some grassland (G). 
Two small patches of elderberry scrub (ES) exist near the northern boundary of the project 
footprint. The area just upstream of the Santa Clara River confluence is dominated by arrow 
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weed scrub (AWS). San Fernando Valley spineflower was also found to be present within 
this watershed. Habitat types not previously described in Sections 3.1.3 or 3.2.3 include: 
 
Mule Fat Scrub: Mule fat scrub is typically a mature riparian habitat dominated by mule fat 
shrubs (Baccharis salicifolia). Co-dominant plant species include narrow-leaved willow 
(Salix exigua), giant cane (Arundo donax), and some tamarisk (Tamarix sp.). This habitat 
type is found along the Santa Clara River on upper terraces and on some levees on the ranch 
property.  
 
Arrow Weed Scrub (AWS): This shrub-dominated plant community is characterized by a 
nearly pure stand of arrow weed shrubs. Big saltbush (Atriplex lentiformis) and mule fat 
shrubs are often co-dominants in more open stands, especially along road cuts. Wet areas 
where this habitat has developed may also have some freshwater marsh species occurring 
with the arrow weed. On Newhall Ranch, this plant community is located on the upper Santa 
Clara River terraces at the edges of woodlands and along the manufactured slopes near SR-
126.  
 
A species of particular interest in this watershed is the San Fernando Valley Spineflower 
(Chorizanthe parryi var. Fernandina), which is a state-listed endangered species, a candidate 
for federal listing, and found on List 1B of the California Native Plant Society (CNPS) 
Inventory. This species was thought to be extinct until its rediscovery at Ahmanson Ranch in 
Ventura County in 1999. This species was previously thought to occur in sandy to gravelly 
soils of washes, riverbeds, and upland areas, primarily on the margins of the San Fernando 
Valley at the base of the Santa Susana Mountains, San Gabriel Mountains, and the Simi 
Hills. Subsequent to that 1999 rediscovery, this species has been identified at several 
locations within the Newhall Ranch project boundary, including the San Martinez Grande 
Canyon (Dudek, 2002).  
 
The northern, upstream reaches of Mid Martinez Canyon drainage are dominated by coastal 
sage scrub (CSS) on the west bank, and by grassland (G) on the east. The channel then flows 
through areas of alluvial scrub and coastal sage scrub, and through agricultural fields (AG) to 
the Santa Clara River. 
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3.4 POTRERO CANYON 
 
3.4.1 Watershed Description and Characteristics 
 
The 4.59-square mile (2,936-acre) Potrero Canyon watershed is a tributary to the northern 
bank of the Santa Clara River within Newhall Ranch (Figure 3-2). The overall watershed 
drainage pattern is in an east to west direction to the river outlet. The watershed is long 
compared to the width of the watershed, and the average length-to-width ratio is 
approximately 3.8. The width of the watershed varies from 4,500 feet to 8,300 feet, as 
defined by the topographic ridgelines between the adjacent canyons. The larger width of the 
watershed and greater tributary area occurs in the upper watershed. The shape of the 
watershed is important since it influences when runoff reaches the outlet. This particular 
watershed configuration will dominate peak discharges through delaying the runoff but 
increasing the discharge at the end of the hydrograph. The distance from the upper 
headwaters to the canyon mouth is approximately 23,000 feet with an average overall slope 
of 0.045. The major natural main stem drainage course within the watershed has an average 
slope of approximately 0.02 (Figure 3-15).  
 
The majority of the Potrero Canyon watershed is characterized by both rugged and steeply 
developed foothills that have numerous smaller tributary canyons that dissect the watershed, 
connecting to the narrow alluvial valley associated with the main stem creek. There are 
approximately seven of these smaller tributaries that contribute significant drainage area and 
function as separate watershed streams. Approximately 65 percent or more of the watershed 
consists of the rugged foothill topography, with the remainder being the wider valley floor. 
The topography for the watershed varies from a maximum elevation of 1916 feet amsl in the 
headwaters, to a low elevation of 866 feet amsl near the mouth of the canyon at the Santa 
Clara River valley.  
 
Generally, the soils in the watershed are characterized as silty clay loams from both the 
Castiac and Saugus formations. Also, the soils within the Potrero Canyon watershed can be 
predominately classified as being in hydrologic soil group C (higher runoff potential) with 
exception of areas adjacent to the main stem creek that are Type A (lower runoff potential) 
and Type B in the lower reaches.  
 
Detailed hydrologic modeling has been performed to evaluate the baseline existing watershed 
conditions, and the results the peak discharges for several storm return periods at the 
downstream canyon mouth are summarized in Table 3-4.  
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TABLE 3-4 
POTRERO CANYON EXISTING WATERSHED HYDROLOGY 

 
Canyon Mouth Upper Drainage Return Period 

Area = 4.59 sq. miles Area = 1.07 sq. miles 
2-year 133 cfs 70 cfs 
5-year 337 cfs 183 cfs 
10-year 774 cfs 400 cfs 
20-year 1853 cfs 851 cfs 
50-year 2619 cfs 1115 cfs 
100-year 3309 cfs 1363 cfs 

 
3.4.2 Stream Characteristics 
 
The portion of Potrero Canyon Creek that was evaluated consisted of the lower 18,300 feet 
extending upstream from the canyon mouth at the Santa Clara River Valley. The lower 50 
percent of Potrero Canyon has been influenced through manmade activities that had relocated 
the existing active creek into an engineered earthen channel along the northern side of the 
canyon. The remaining upper portion of the drainage does not reflect as much of this 
influence since there appeared to be less historical farming operations and impact to the 
natural active creek channel. However, the active channel has limited hydraulic capacity, 
particularly in the lower portion of the canyon, which results in overtopping and creation of a 
secondary sheet flow on the southern side of the canyon, consistent with the large meadow 
area. The engineered portions of the active channel follow a very linear alignment, and the 
channel is generally located adjacent to the roadway along the canyon floor. The canyon 
floor is characterized by a very large and flat width in the valley as compared to the other 
tributary canyon watersheds. The drainage characteristics and trends also reflect that of a 
wide, stable valley system, with little tendency to deeply incise beyond the minor active 
channel. Representative cross sections illustrating the geometry of the drainage and the active 
channel are shown for the lower, middle, and upstream reaches for Potrero Canyon (Figures 
3-16, 3-17, and 3-18). The average streambed slope indicated by the topographic data is 
relatively constant along the majority of the streambed at approximately 0.020, while the 
downstream 3,000 feet through the canyon mouth increase to a slope of 0.038. This relatively 
constant slope is also reflected in the reduced drainage width near the canyon mouth, and in 
higher velocities.  
 
Detailed hydraulic modeling of the existing creek was performed and indicated that this 
entire lower reach of Potrero Canyon was hydraulically “steep,” generating higher velocities 
than a “mild” channel. A brief description of the hydraulic operation of the drainage from the 
downstream canyon mouth to upstream along the 18,300 feet reach includes the following:  
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Lower Reach 
 
1. The majority of the storm event flows through the lower 3,000 feet of the canyon to the 

Santa Clara River Valley are conveyed on the southerly side of the canyon and not in the 
active channel on the northern side because of its limited capacity.  

 
2. The drainage significantly widens upstream of the steeper portion near the canyon mouth, 

but is still separated from the active channel on the opposite side.  
 
3. The wide drainage area reflects low velocities in the overbank area of the valley floor.  
 
Middle Reach 
 
4. Continuing upstream, the canyon narrows slightly and reduces the width of the drainage, 

which increases the velocities and depths.  
 

5. Within this lower mid portion of the drainage, the active channel and sheet flow area on 
the southerly side of the canyon rejoin.  
 

6. The drainage then follows a rather linear alignment through the mid portion of the canyon 
with fairly constant widths.  

 
Upper Reach 
 
7. Through the oil field area, the drainage width varies with several contraction and large 

expansion areas, as indicated by historical deposition and by the variation in average 
velocity. 
 

8. Continuing through the upper portion of the drainage, it becomes more incised and is 
generally fully contained in the active channel.  
 

9. The last remaining 1,000 feet of the drainage widens significantly since the channel is not 
well defined or incised, which reduces the velocities.  

 
The hydraulic characteristics of the 100-year storm event generated by the hydraulic 
modeling indicates that:  
 
1. The average depth is approximately 2.9 feet, ranging from 6.5 feet to 0.5 feet 
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2. The average velocity is approximately 7.7 fps, ranging from 19.4 fps to 3.6 fps 
3. The width of the creek water surface averages 300 feet, ranging from 840 feet to 35 feet 

at the roadway crossing 
 
Higher velocities generally occur within the contracted and incised portions of the drainage, 
and lower velocities occur within expansion areas and flatter longitudinal streambed slopes. 
Along the fringes of the drainage, lower velocities occur while the higher velocities are in the 
deeper portions of a channel section. 
 
3.4.3 Biological Characteristics 
 
Habitat types in the Potrero Canyon drainage are comprised primarily of grassland (G) and 
coastal sage scrub (CSS), although a wide variety of habitat is represented. Live oak 
woodland (LOW), mule fat scrub (MFS), great basin scrub (GBS), mesic meadow (MM), 
elderberry scrub (ES), and valley oak woodland (VOW) are all present within the Potrero 
watershed, along with agricultural land (AG). The habitat type not previously described in 
Sections 3.1.3, 3.2.3, and 3.3.3 is:  
 
Mesic Meadow: Mesic meadows form in grassland areas where seeps, springs, or 
groundwater surfaces are present. In these areas, soils remain saturated most of the year. 
Plant species found in mesic meadows can tolerate the moist conditions for prolonged 
periods. Herbaceous species present include yerba mansa (Anemopsis californica), curly 
dock (Rumex crispus), spike rush (Eleocharis sp.), annual beard grass (Polypogon 
monspeliensis), rush (Juncus sp.), and saltgrass (Distichlis spicata). Mesic meadows on the 
ranch are located within Potrero Creek, on an unnamed drainage at the east end of Middle 
Potrero Canyon, and in Via Canyon.  
 
3.5 SALT CREEK 
 
3.5.1 Watershed Description and Characteristics 
 
The Salt Creek watershed encompasses approximately 5,816 acres (Figure 3-2). A steep 
ridgeline between Potrero Canyon and Salt Creek Canyon/Grave Canyon form the eastern 
limit of the Salt Creek watershed in Los Angeles County. The ridgeline of the Santa Susana 
Mountains (3,100 feet amsl) forms the southern limits of the Salt Creek watershed in both 
Los Angeles and Ventura Counties. The western limit of the Salt Creek watershed is in 
Ventura County, and is formed by a ridgeline that separates Tapo Canyon and Salt Creek 
Canyon. The Salt Creek watershed terminates to the north where Salt Creek Canyon merges 
with the Santa Clara River Valley in Ventura County (825 feet amsl). 
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3.5.2 Creek Characteristics 
 
While the Salt Creek drainage is one of the largest found within the boundaries of the 
Newhall Ranch project area, it was not subjected to detailed hydrologic/hydraulic modeling 
because it is contained within the High Country set-aside where no development will occur. 
Any potential impacts would be limited in nature and related to access and recreational use of 
the High Country, and might include footbridges and maintenance of existing farm roads. 
Construction of a small visitors’ center located outside the jurisdictional area would serve as 
the gateway into the High Country. Otherwise, this area will be maintained in its present state 
in perpetuity.  
 
3.5.3 Biological Characteristics 
 
The vast majority of this watershed is covered by coastal sage scrub (CSS). Agriculture 
(AG), great basin scrub (GBS), and grassland (G) habitat types comprise most of the 
remaining area, although valley oak woodland (VOW), mule fat scrub (MFS), alluvial scrub 
(AS), and live oak woodland (LOW) are present in small patches.  
 
At the confluence of the middle and east forks of Salt Creek, wetland conditions are present 
and persist from approximately 750 feet upstream to 700 feet downstream of the confluence.  
The total area of this wetland is approximately 8.5 acres, and dominant flora include saltgrass 
(Distichlis spicata, 50-60 percent cover), mulefat (Baccharis salcifolia, 30-40 percent cover), 
Arroyo willow (Salix lasiolepis), and the sedge, Scirpus americanus.  In the vicinity of the 
wetland area, the vast majority of the vegetation is native, and very few weeds are present.  
Occasional weeds located in the wet portion of the drainage included rabbit’s foot grass 
(Polypogon spp.) and tamarisk (Tamarix spp.).  Other weeds, including tree tobacco, 
yellowstar thistle, prickly wild lettuce, black mustard, white sweet clover, and fivehook 
bassia, are primarily located near the road, and cover less than 5 percent of the area sampled.  
As the Salt Creek drainage has been designated a permanent open space, no impacts to this 
wetland area are anticipated from the proposed project.  
 
3.6 OTHER JURISDICTIONAL DRAINAGES 
 
The Newhall Ranch project area contains several other smaller jurisdictional tributary 
watersheds comprised of small, ephemeral drainages. Habitat types found in each of these 
drainages are briefly described below (Figures 3-1 and 3-2).  
 
Homestead Canyon: This watershed is dominated by coastal sage scrub (CSS), but also 
contains one thin strip of great basin scrub (GBS) lining the stream channel near the lower 
end, and patches of dispersed grassland (G). 
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Unnamed Drainage: This drainage is located to the west of Homestead Canyon and abutting 
the western project boundary north of SR 126 with only a very short segment of it found 
within the project footprint. The drainage itself runs through grassland (G) and great basin 
scrub (GBS), although the watershed is dominated by coastal sage scrub (CSS). The drainage 
also includes one small patch of agricultural land (AG) on the downstream end.  
 
Off-Haul Canyon: The upper reaches of Off-Haul Canyon drainage contain a mixture of 
coastal sage scrub (CSS) and alluvial scrub (AS). Lower areas, in the vicinity of State Route 
126, are dominated by agricultural land (AG).  
 
Humble Canyon: The habitat types found in the upper reaches of the Humble Canyon 
watershed consist primarily of mixed chaparral (MC), grassland (G), and alluvial scrub (AS). 
The lower portions of the watershed contain a mixture of alluvial scrub, live oak woodland 
(LOW), coastal sage scrub (CSS) and, in the area directly adjacent to the Santa Clara River, 
Southern Willow Scrub (SWS). San Fernando Valley spineflower populations are also 
present within this watershed.  
 
Unnamed Drainages (2): These two adjacent unnamed drainages are located between Long 
and Humble canyons. They are dominated by coastal sage scrub (CSS) with pockets of 
mixed chaparral (MC) sparsely interspersed.  At the canyon mouths, along the south bank of 
the Santa Clara River, live oak woodland (LOW) and great basin scrub (GBS) are also 
present. 
 
Ayres Canyon: This stream is lined with southern willow scrub (SWS) and alluvial scrub 
(AS), with some live oak woodland (LOW) present along the south bank. Habitat types 
within this watershed are dominated by coastal sage scrub (CSS) and grassland (G). 
 
Lion Canyon: The upper reaches of the Lion Canyon watershed, which contains several 
branches, contains mostly mixed chaparral (MC) and coastal sage scrub (CSS). Along the 
channel, alluvial scrub (AS), live oak woodland (LOW), grassland (G), scalebroom scrub 
(SS), and chamise chaparral (CC) are present. The two easternmost branches of this drainage 
also contain great basin scrub (GBS), which is absent from the watershed of the western 
branch. 
 
Middle Canyon: This watershed is dominated by coastal sage scrub (CSS), with small 
pockets of mixed chaparral (MC) and grassland (G). The stream channel flows through 
grassland, agricultural areas (AG), alluvial scrub (AS), and live oak woodland (LOW). A 
freshwater marsh is present at the Santa Clara River confluence. San Fernando Valley 
spineflower populations are also present within this watershed.  
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Exxon Canyon: This drainage is dominated by coastal sage scrub (CSS), live oak woodland 
(LOW), and mixed chaparral (MC). On both branches, alluvial scrub (AS) is also present 
along the stream channel. 
 
Magic Mountain Canyon: The small segment of this stream that passes through the project 
area is surrounded by coastal sage scrub (CSS) and great basin scrub (GBS), with one pocket 
of mixed chaparral (MC) and one pocket of agricultural land (AG). 
 
Dead-End Canyon: This watershed consists almost exclusively of coastal sage scrub (CSS), 
although isolated pockets of grassland (G), elderberry scrub (ES), mixed chaparral (MC), and 
live oak woodland (LOW) are present as well. 
 
3.7 SANTA CLARA RIVER 
 
This description of the hydrologic characteristics of the Santa Clara River is derived from the 
Draft Additional Analysis, Vol. 1, April 2001, Section 2.3-4, prepared for Los Angeles 
County Department of Regional Planning (Impact Sciences, 2002).  
 
3.7.1 Watershed Description and Characteristics 
 
The Santa Clara River (SCR) is the largest watercourse in the project area, and all other 
drainages within the project area are tributary to this river (Figure 3-1). The reach of the 
Santa Clara River within the Specific Plan area has year-round flows created by tertiary 
treated effluent discharges from two upstream water reclamation plants operated by the 
Sanitation Districts of Los Angeles County, rising ground water, and from storm water 
runoff. Storm flows that occur during winter months due to storm water runoff, and these 
flows fluctuate significantly from year to year. During the summer months, short-term 
releases from Castaic Lake reach the river via Castaic Creek, which joins the river upstream 
of the Newhall Ranch project area. 
 
The average discharges for floods of different return events (2-year, 5-year, 10-year, 20-year, 
50-year, and 100-year) at the upstream and downstream ends of the project area are given in 
Table 3-5.  
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TABLE 3-5 
EXISTING CONDITIONS: DISCHARGES IN SCR  

AT NEWHALL RANCH PROJECT AREA 
 

Return 
Period 

 

Offsite, Between Newhall Ranch 
Project Area and Castaic Creek 

Downstream End of Newhall 
Ranch Project Area at Los 

Angeles County Line 
2-Year 2,527 cfs 2,600 cfs 
5-Year 8,232 cfs 8,480 cfs 
10-Year 14,942 cfs 15,400 cfs 
20-Year 24,157 cfs 24,900 cfs 
50-Year 41,141 cfs 42,400 cfs 
100-Year 58,207 cfs 60,000 cfs 

 
3.7.2 River Characteristics 
 
The area of ground surface covered by water in the Newhall Ranch project area between the 
Commerce Center Drive bridge and a point 4 miles east of the County line during different 
return events is shown in Table 3-6. This area increases as the discharge and associated water 
level increase. The width of the active river channel (area inundated by a two-year storm 
event) within the Newhall Ranch project area varies from 200 to 800 feet. During a 100-year 
storm event, the maximum width of the inundated river channel is 2,200 feet. 
 
The average width of the low-flow channel during summer months is approximately 50 to 
100 feet, with an average depth of about 1 foot. The low flow channel through the project 
area has a low to moderate sinuosity. Approximately half of this reach is contained within a 
single channel, while the remainder consists of braided channels and broad, shallow flows.  
 
3.7.2.1 Water Velocity and Depth  
 
Water velocity and depth along the river also increase with higher discharges (i.e., flows). An 
example of this relationship is provided in Table 3-7 for a location along the river in the 
Newhall Ranch project area (Figure 3-19). These data indicate that velocities, measured in 
fps, more than double from the 2-year to the 100-year storm event, while water depth 
increases three-fold. In contrast, discharge increases thirty-fold from the 2-year to the 100-
year storm event.  
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TABLE 3-6 
SCR EXISTING CONDITIONS: FLOODED AREA  

DURING DIFFERENT RETURN EVENTS 
 

Return 
Period 

Newhall Ranch Project Area, 
Between Commerce Center Drive 

and LA County Line 

From County Line to 
Point 4 Miles 

Downstream in Ventura 
County 

2-Year 246 acres 86 acres 
5-Year 309 acres 131 acres 

10-Year 361 acres 160 acres 
20-Year 482 acres 198.5 acres 
50-Year 664 acres 257 acres 

100-Year 766 acres 298 acres 
 
Velocity and water depth increases do not correspond to the discharge increases because the 
wide river channel allows flow to spread out as discharge volumes increase. 
 

TABLE 3-7 
EXAMPLE OF INCREASING DEPTH AND VELOCITY WITH DISCHARGE – 

EXISTING CONDITIONS AT THE COUNTY LINE 
 

Return Event 
(Years) 

Discharge 
(cfs) 

Average Water 
Depth (ft) 

Average Water 
Velocity (fps) 

2 2,000 2.34 5.32 
5 8,480 3.38 7.09 
10 15,400 4.13 8.97 
20 24,900 5.08 10.40 
50 42,400 6.47 11.71 

100 60,000 7.45 12.53 
 
3.7.2.2 River Conditions 
 
The difference in elevation between the channel bottom and the adjacent jurisdictional 
margins of the river varies greatly within the Newhall Ranch project area. This difference 
ranges from 9 to 20 feet, and is dependent upon the width of the river channel. For example, 
in wider portions of the river channel where flows spread out with low velocities, there is 
only a small elevation difference between the channel bottom and the adjacent jurisdictional 
boundary. Representative cross sections of the active channel illustrate the geometry, and are 
provided for the lower, middle, and upstream reaches of the river (Figures 3-20, 3-21, and 3-
22). In contrast, the channel is often deep where it is narrower, creating a large elevation 
difference between the channel bottom and the jurisdictional boundary. 
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The existing river channel contains a variety of vegetation types. The active river channel is 
mostly barren due to annual scouring. However, vegetation types on the adjacent terraces 
vary based on elevation relative to the active channel bottom and the frequency of storm 
events. The following series of vegetation types occur along a vertical gradient from the 
channel bottom to the highest river terrace: emergent herbaceous, woody shrubs, and trees.  
 
The substrate of the river channel (i.e., top layer of the river bottom) is primarily sand, which 
is actively eroded and deposited in flood events. Previous studies by the Los Angeles County 
Flood Control District have demonstrated that sediment deposition and scouring along the 
upper Santa Clara River are generally in equilibrium, and that there are no major trends of 
channel degradation or aggradation. However, some localized areas may experience either 
greater scouring or sand deposition.  
 
3.7.3 Biological Characteristics 
 
3.7.3.1 Existing Aquatic, Wetland, and Riparian Habitats Along the River 
 
The Santa Clara River corridor in the Newhall Ranch project area supports three general 
categories of habitat:  
 
• Aquatic habitats, consisting of flowing or ponded water 
 
• Wetland habitats, consisting of emergent herbs rooted in ponded water or saturated soils 

along the margins of the flowing water 
 
• Riparian habitat, consisting of woody vegetation along the margins of the active channel 

and adjacent terraces 
 
The key characteristics of the dominant aquatic, wetland, and riparian habitats in the Santa 
Clara River corridor in the Newhall Ranch project area (Commerce Center Drive bridge site 
to the County line) are summarized in Table 3-8. This table does not include upland habitats, 
or disturbed or cultivated habitats in the river corridor.  

 
The density, biomass, and location of the vegetation in relation to the channel bottom are 
directly dependent upon the frequency of disturbance by flood flows. Successional mulefat 
scrub (SMFS) occupies the active channel and is disturbed annually by flows. This habitat 
also includes all aquatic features such as pools and flowing water, as well as most of the 
emergent wetlands in the river corridor because of the presence of water. In contrast, willow 
woodland and cottonwood-willow woodland is located above the active river channel and is 
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only flooded during infrequent storm events, which allows large trees to become established 
between events. 

 
TABLE 3-8 

SUMMARY OF DOMINANT WETLAND AND RIPARIAN HABITAT TYPES IN 
THE RIVER AT THE NEWHALL RANCH PROJECT AREA 

 

Habitat 
Dominant 
Species Structure 

Location in the 
River 

Height 
Above 

Channel 
Bottom (ft) 

Alluvial scrub Sagebrush and 
scalebroom 

Open, sparse mixture of 
shrubs 

Upper dry terraces; 
old braided channels 

8 

Arrow weed scrub Arrow weed Dense monoculture Upper terraces 8 

Cottonwood willow 
forest 

Fremont 
cottonwood and 
red willow 

Mature woodland with large 
overstory trees and dense 
understory 

Upper terraces, near 
or at upland 
boundary 

9.5 

Mulefat scrub; 
contains some 
wetland areas 

Mulefat, giant reed, 
narrow-leaf willow 

Moderately dense shrubs, 6 to 
10 feet in height; patches of 
emergent wetlands 

Terrace adjacent to 
active channel 

5.5 

Successional mule 
fat scrub (includes 
aquatic and 
wetland habitats) 

Mulefat, giant reed, 
narrow-leaf willow 

Mostly barren with scattered 
small shrubs; flowing water; 
pools; emergent wetlands 

Active channel that is 
continually disturbed 
by flows 

1.5 

Willow woodland Red and arroyo 
willow, Fremont 
cottonwood 

Mature woodland with large 
overstory trees and dense 
understory 

Upper terraces, near 
or at upland 
boundary 

9 

Willow scrub Arroyo willow Dense willow plants, 10 to 12 
feet in height 

Mid-level terraces 6.5 

 
Mule Fat Scrub (MFS): Mule fat scrub (previously described) is typically a mature riparian 
habitat dominated by mule fat shrubs (Baccharis salicifolia). Co-dominant plant species 
include narrow-leaved willow (Salix exigua), giant cane (Arundo donax), and some tamarisk 
(Tamarix sp.). This habitat type is found along the Santa Clara River on upper portions of the 
terraces and on some levees on the ranch property.  
 
Successional Mule Fat Scrub (SMFS): A subclass of mule fat scrub was used to denote the 
development of this plant community along the active channel of the Santa Clara River. 
Successional mule fat scrub (SMFS) denotes a young, successional community dominated by 
young saplings of predominantly mule fat and narrow-leaved willow. This subclass is found 

 
S:\03 PROJ\Newhall Ranch Draft EIS\Jurisdiction Package\Final JD Package\Final Jursdiction Text 12-13-03.doc3-25 



 
SECTION 3.0 WATERSHED CHARACTERISTICS 
 
within the low flow (active) channel of the Santa Clara River on sand bars where frequent 
scouring by floods prevents it from fully developing into mature mule fat scrub.  
 
The Santa Clara River characteristics provide year-round and seasonal aquatic habitats, as 
described in Table 3-9. All aquatic habitats are subject to periodic disturbances from winter 
flood flows. These flows inundate areas that are dry most of the year. They also carry and 
deposit sediments, seeds, and organic debris (e.g., stems, downed trees).  
 
New sandbars are formed and old ones are destroyed. Stands of vegetation are eroded by 
high flows, and new areas are created where vegetation becomes established by seeds or 
buried stems. Flows can change the alignment of the low flow channel, the number and 
location of pools, and the depth of pools. In years with low winter flows, there may be very 
little change in the aquatic habitats of the river. In such years, wetland vegetation along the 
margins of the low flow channel and pools would increase. In high flow years, this 
vegetation would be removed, but would become re-established during the spring and 
summer due to natural colonization processes. As can be seen, the aquatic habitats of the 
river are in a constant state of creation, development, disturbance, and destruction. The 
diversity of habitat conditions in the river at any one time supports a variety of aquatic 
invertebrates, aquatic plants, and fish. 
 
The abundance and variety of riparian and wetland habitats in the river corridor that support 
sensitive habitats and species are due largely to the natural dynamic riverine processes that 
occur unimpeded in the project area. The continual creation and destruction of habitats due to 
flooding and drought periods provides a mosaic of different types and ages of habitats. This 
mosaic is a key element in sustaining the habitat of sensitive species.  
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SECTION 3.0 WATERSHED CHARACTERISTICS 
 

TABLE 3-9 
CHANNEL CHARACTERISTICS OF THE SANTA CLARA RIVER  

AT THE NEWHALL RANCH PROJECT AREA 
 

Channel Feature Description/Characteristics 
Source of 
Water 

Frequency of 
Disturbance 

Low-flow channel Highly variable depth, dimensions, and 
locations. Emergent wetlands form along 
edges each spring and summer. Mostly 
sandy substrate with unstable banks. 
Mostly exposed runs and scattered riffles. 
Shallow depth (<1 ft). 

Year-round treated 
effluent and winter 
runoff. 

Annual disturbance from 
flood-related flows. Daily 
changes in water depth 
and flow due to variable 
effluent flows. 

On-channel pools Small scattered pools (less than 20 ft long) 
that form in the main channel in response 
to debris dams or sandbars. Emergent 
wetlands and young woody willows along 
margins. Shallow depths (<1 ft). 

Year-round treated 
effluent and winter 
runoff. 

Annual disturbance from 
flood-related flows. Daily 
changes in water depth 
and flow due to variable 
effluent flows. 

Off-channel pools Highly variable size. Generally < 2 ft depth. 
Vegetation along the margin may be dense 
emergent or riparian shrubs, or are absent 
in some areas. 

Groundwater 
seepage. 

Inundation by flood flows 
every 1-2 years. 

Road crossing 
ponds and plunge 
pools 

Four at-grade river crossings create 
upstream ponds and downstream plunge 
pools with depths of 3 feet. Aquatic 
vegetation along the margins. 

Year-round treated 
effluent and winter 
runoff. 

Annual disturbance from 
flood-related flows. 
Crossings are re-built 
every year. 

Winter secondary 
channels and 
overflow areas 

Highly variable areas where winter flood 
flows occur when the low-flow channel is 
full. Ranging from discrete channels to 
sheet flow areas. Usually containing young 
mulefat scrub. 

Winter flood related 
flows. Ephemeral 
aquatic features. 
May only persist for 
several days to 
weeks after a flood. 

Inundation and scouring 
every 1-2 years. 

Tributary channels  Highly variable channels that convey water 
from tributaries to the river channel. Usually 
small channels with ephemeral or slow 
moving water, except during the winter. 
Generally sparsely vegetated except for 
Potrero, San Martinez, and Salt Creek. 

Winter flows, and 
occasional seepage 
flow from side 
canyons; ephemeral 
flows. 

Disturbance each year 
from flood flows in the 
tributaries. 
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SECTION 4.0 RESULTS OF THE JURISDICTION DELINEATION 
 
As stated earlier, this jurisdiction delineation has been derived from a process that included 
extensive coordination with representatives of the Corps, CDFG, USFWS, and other agencies 
through multiple field visits and planning meetings. Previous jurisdictional determinations by 
the Corps and CDFG formed the basis for the current delineation. Aerial photo interpretation 
used in conjunction with topographic data and GIS technology provided a means to update 
the delineation prior to field verification. The hydrologic/hydraulic modeling also provides 
the context for defining agency jurisdiction within each watershed evaluated.  
 
Once the digital analysis was completed, field assessments were then used to verify the 
jurisdictional delineations derived from digital technology, and to gather additional locational 
data using GPS equipment. This allowed for further refinement of the jurisdictional areas 
under the purview of the Corps and CDFG. The Corps and CDFG jurisdictional areas by 
drainage are presented below in Tables 4-1 and 4-2. 
 
As indicated on Figures 3-1 and 3-2, unless otherwise noted, Corps jurisdiction lies within 
the broader jurisdictional areas under CDFG purview. Hence, the total acreage that falls 
under Corps jurisdiction is less than that of CDFG. For the purposes of this delineation, it is 
assumed that on the small side drainages in each watershed evaluated, unless otherwise 
noted, the area contained within the jurisdictional area is the same for both agencies1. 
 

TABLE 4-1 
CORPS OF ENGINEERS JURISDICTION BY DRAINAGE 

 
Drainage Total Jurisdictional Area 

Chiquito Canyon   13.9 Acres 
Long Canyon     5.7 Acres 
San Martinez Grande Canyon     2.5 Acres 
Potrero Canyon   36.7 Acres 
Lion Canyon     6.8 Acres 
Salt Creek   77.9 Acres 
Santa Clara River 316.1 Acres 
Other Drainages Within Project Area   33.3 Acres 
Total  492.9 Acres 
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1Newhall Land's attorneys, Downey Brand LLP, believe that in some areas the CDFG asserts 1603 jurisdiction 
in areas beyond where the statute envisions jurisdiction, e.g., riparian areas contiguous to, but beyond, the bank 
and/or 100 year floodplain areas beyond the bank.  This delineation broadly construed CDFG jurisdiction, and 
thus may, in the opinion of Newhall's attorneys, include some areas beyond the CDFG's jurisdiction. 



 
SECTION 4.0 RESULTS OF THE JURISDICTION DELINEATION 
 

 
 

TABLE 4-2 
CALIFORNIA DEPARTMENT OF FISH AND GAME  

JURISDICTION BY DRAINAGE 

Drainage Total Jurisdictional Area 

Chiquito Canyon   18.3 Acres 

Long Canyon     5.7 Acres 

San Martinez Grande Canyon     2.5 Acres 

Potrero Canyon   41.8 Acres 

Lion Canyon     6.8 Acres 

Salt Creek   77.9 Acres 

Santa Clara River 759.1 Acres 

Other Drainages Within Project Area   33.3 Acres 

Total 945.4 Acres 
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Introduction: 
 
The Department of Fish and Game has adopted the National Vegetation Classification System 
(Grossman et al. 1998), which is expressed in this state by the “Manual of California 
Vegetation” (Sawyer and Keeler-Wolf 1995).  This hierarchical system applies quantifiable 
classification rules to define floristic units known as alliances, and below them, associations.  
 
Inventory and classification of vegetation in California is ongoing, and the upcoming second 
edition of the Manual will present additions to the classification based on work over the past 13 
years. We expect the second edition to be published in early 2009. In the meantime, a list of the 
alliances that will be described in the second edition can be found here: 
http://www.dfg.ca.gov/biogeodata/vegcamp/pdfs/NaturalCommunitiesList_Oct07.pdf 
 
The list below should be viewed as an interim reference until the second edition of the Manual 
is published.  It is incomplete; it does not include new alliances (see above) or associations. It 
does, however, include types from the “Preliminary Descriptions of the Terrestrial Natural 
Communities of California” (Holland 1986), as discussed below. 
 
Numerical coding: 
  
For those familiar with the Holland numerical coding system you will see a general similarity 
in the upper levels of the hierarchy. You will also see a greater detail at the lower levels of the 
hierarchy. The numbering system has been modified to incorporate this richer detail. Decimal 
points have been added to separate major groupings and two additional digits have been added 
to encompass the finest hierarchal detail.  
 
In this document, the alliance level is denoted in the center triplet of the coding system and the 
associations in the right hand pair of numbers to the left of the final decimal. The numbers of 
the alliance in the center triplet attempt to denote relationships in floristic similarity. For 
example, the Chamise-Eastwood Manzanita alliance (37.106.00) is more closely related to the 
Chamise-Cupleaf Ceanothus alliance (37.105.00) than it is to the Chaparral Whitethorn alliance 
(37.205.00). However, due the rigidity of the numerical system newly added alliances are not 
necessarily numerically adjacent to their closest relatives. 
 
EXAMPLE OF CODE: 
Denotes general physiognomic and physical location (e.g. riparian and bottomland habitat) 
|     ____Denotes type of general habitat (riparian forest and woodland) 
|     |          ___Denotes floristic vegetation alliance (Sycamore alliance) 
|     |      _____|_____       _____Denotes association (California Sycamore/Soft Chess) 

6 1. 3 1 1 .0 2 

http://www.dfg.ca.gov/biogeodata/vegcamp/pdfs/NaturalCommunitiesList_Oct07.pdf


 
In portions of this list numbered place-holders have been added. These are not formal units of 
classification, but simply serve to further clarify relationships between some of the more 
complex vegetation types. For example, several vegetation alliances are characterized by 
having Chamise (Adenostoma fasciculatum) as a major component. Thus the code 37.100.00 
chaparral with chamise was erected to show that such alliances as 37.105.00 Chamise-Cupleaf 
Ceanothus, 37.106.00 Chamise-Eastwood Manzanita, etc- are included in this cluster of 
chaparral types characterized by high cover of chamise. Other examples in this vein are 
vegetation with pines dominant (87.000.00), vegetation with fir dominant (88.000.00), and 
vegetation dominated by tree oaks (71.000.00). Because the classification for California is 
incomplete, the detail in the finest resolution of the hierarchy, the associations, is not uniform. 
Associations are defined quantitatively through a classification procedure using numerical 
comparisons between related vegetation sampling plots. These comparisons have been made 
only for a portion of all vegetation stands in California. For example the U.S. Forest Service 
has been active in defining associations. Thus, one will notice the rich detail of the 
classification in various forest alliances such as the Douglas-fir, Red fir, White fir, and Jeffrey 
pine. 
 
The literature citations following the association name refer to the original authors who defined 
the particular association. These are analogous to the author’s names following a plant species 
in a botanical flora. All the citations mentioned in this document prior to 1996 are listed as 
entered in the literature citations in The Manual of California Vegetation or if newly defined, 
will be cited in the second edition of the MCV.  
 
CNDDB and Holland Types: 
 
A special issue arises as a result of the conversion of the classification from Holland’s 
classification to that in the Manual. Because CNDDB has accumulated many location records 
for certain rare community types as defined by Holland, it is very important that this critical 
conservation information is not lost as a result of taxonomic change. Thus, in this document 
you will notice instances where a community is listed either at the alliance or association level 
with an accompanying bracketed number. This number is the Holland code, which was used for 
it in the older classification. (e.g., 52.100.00 Fresh-Brackish Water Marsh {52200}). Because, 
in some cases, we are unsure of how this community type relates to the new hierarchy (it has 
not been quantitatively defined), it is placed into the hierarchy in its most likely position. 
However, no information will be lost and it will continue to be maintained in CNDDB until all 
occurrences of the community can be properly placed into the quantitative hierarchy. This fact 
points to the need for assistance from field investigators to revisit these sites and provide 
information on the species cover so we can convert to the new classification.  
 
Special Community Types (asterisked*): 
 
The primary purpose of the classification is to assist in the location and determination of 
significance and rarity of various vegetation types. Thus, ranking of natural communities by 
their rarity and threat is an important facet of the classification. In this document, as in previous 
CNDDB community lists, asterisks (*) denote special communities that are either known or 
believed to be of high priority for inventory in CNDDB. Lead and trustee agencies may request 



that impacts to these communities be addressed in environmental documents. For example, 
impacts to wetland community types should be addressed under the state’s no-net-loss of 
wetlands policy.  Local agencies may also have policies requiring avoidance of rare community 
types. 
 
If an alliance is asterisked, this means that all of the associations within it will also be 
considered of high inventory priority. 
 
Following publication of the second edition of the Manual, vegetation types will be assigned 
global and state rankings using the Natural Heritage methodology developed by NatureServe.  
 
Recent Changes: 
 
As more information comes in on the relationships between associations in this classification it 
becomes clear where some of these should be placed in the classification. For example, the 
concept of the montane or Sierra mixed conifer forest has been vastly altered as a result of 
cumulative analysis of data of many plots of montane coniferous forest throughout California. 
Thus, in this list you will note that many of the mixed conifer associations in the previous 
edition of this document have been moved to White fir-Douglas-fir, Douglas-fir – Canyon Live 
Oak, Douglas-fir – Incense-cedar Forest, White-fir –Sugar Pine, Ponderosa Pine- Incense 
Cedar, and other newly defined alliances that better describe the variation in the montane 
coniferous forests of the state. Vegetation classification is an active field in California and such 
relationships will continue to be refined for some time.  
 
We relish information on communities, whether it is a new record or re-assessment of existing 
information. Please contact us at CNDDB (916) 324-6857, and we can help you determine the 
most useful way to collect information on communities. 
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VEGETATION CLASSIFICATION: TERRESTRIAL SECTION (*indicates a series or association considered rare and 
worthy of consideration by CNDDB) September 2003 
  
 
20.000.00  DUNES          
 
 21.000.00  Coastal Dunes 
 
   21.010.00  Active Coastal Dunes {21100} 
 
   21.020.00  Coastal Foredunes {21200} 
 
   21.030.00  Central Foredunes {21220} 
 
   21.040.00  Southern Foredunes {21230} 
 
   *21.100.00 Sand-verbena-Beach Bursage [Abronia villosa-Ambrosia chamissonis]  {21210} 
    *21.100.01 Beach Morning Glory - Dune Sagebrush [Calystegia soldanella- Artemisia 

pycnocephala] (Bluestone 1981) 
    *21.100.02 Seashore Bluegrass - Dune Sagebrush [Poa douglasii- Artemisia pycnocephala] 

(Duebendorfer 1989) 
    *21.100.03 Beach Bursage-Seaside Woolly-sunflower-Yellow Bush Lupine [Ambrosia chamissonis-

Eriophyllum staechadifolium-Lupinus arboreus] (Holton & Johnson 1979) 
    *21.100.04 Seaside Woolly-sunflower - Yellow Bush Lupine [Eriophyllum staechadifolium-Lupinus 

arboreus] (Holton & Johnson 1979) 
    *21.100.05 Active North Coastal Dunes (Johnson 1963) 
    *21.100.06 Seashore Bluegrass - Beach Pea [Poa douglasii-Lathyrus littoralis] (Parker 1974 & 

Johnson 1977) 
    *21.100.07 Strand (Williams & Potter 1972) 
    *21.100.08 Northern Dune Scrub {21310} 
    *21.100.09 Central Dune Scrub {21320} 
    *21.100.10 Southern Dune Scrub {21330} 
   
   *21.110.00 Beach Bursage [Ambrosia chamissonis] (Keeler-Wolf, et al. 2001) 
    *21.110.01 Dune Sagebrush - sandmat [Artemisia pycnocephala- Cardionema 

ramosissimum](Keeler-Wolf, et al. 2001) 
 
 
   21.200.00  Non-native Iceplant 
    21.200.01  Iceplant - Fig-marigold [Mesembryanthemum spp.- Carpobrotus spp.] (Keeler-Wolf, et 

al. 2001) 
 
 22.000.00  Cismontane and Desert Interior Dunes 
 
   *22.010.00 Active Desert Dunes and Sand Fields {22000} 
 
   *22.100.00 Desert Sand-verbena [Abronia villosa] 
 
   *22.200.00 Antioch Dunes Unique Stands {23100} 
 
   22.300.00  Stabilized and Partially Stabilized Desert Dunes {22200} 
 
   22.400.00  Stabilized and Partially Stabilized Desert Sand Fields {22300} 
 
   *22.500.00 San Joaquin Valley Dunes (residual dunes of Holland) 
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30.000.00  SCRUB AND CHAPARRAL 
 
 31.000.00  Coastal Bluff Scrub {31000} 
 
   *31.100.00 Northern Coastal Bluff Scrub {31100} 
 
   *31.200.00 Southern Coastal Bluff Scrub {31200} 
 
 32.000.00   Coastal Scrub {32000} 
 
   32.005.00  Riversidian Sage Scrub {32700} 
    32.005.01  Upland Riversidian Sage Scrub {32710} 
    *32.005.02 Riversidian Alluvial Fan Sage Scrub {32720} 
    32.005.03  Riversidian Desert Scrub 
 
   32.010.00  California Sagebrush Scrub [Artemisia californica] 
    32.010.01  California Sagebrush [Artemisia californica] (Kirkpatrick & Hutchinson 1977, Gordon & 

White 1994) 
    32.010.02   California Sagebrush - Deer Weed [Artemisia californica-Lotus scoparius] (DeSimone & 

Burk 1992) 
    32.010.03   California Sagebrush - Bush Penstemon [Artemisia californica-Keckiella cordifolia] 

(Gordon & White 1994) 
    32.010.04  California Sagebrush - Purple Sage [Artemisia californica-Salvia leucophylla] (Gordon & 

White  1994) 
 
   32.020.00   Black Sage Scrub [Saliva mellifera] 
    32.020.01   Black Sage - Laurel Sumac [Salvia mellifera-Malosma laurina] (Kirkpatrick & 

Hutchinson 1977) 
    32.020.02   Black Sage - California Buckwheat [Saliva mellifera-Eriogonum fasciculatum] 

(Kirkpatrick & Hutchinson 1977) 
    32.020.03   Black Sage [Salvia mellifera] (Malanson 1984) 
    32.020.04   Black Sage - California Encelia [Salvia mellifera-Encelia californica] (Malanson 1984) 
     *32.020.05 Black Sage - Coast Prickly-pear [Saliva mellifera-Opuntia littoralis and hybrids] 

(Mooney 1977) 
   *32.030.00 White Sage Scrub [Salvia apiana] 
 
   32.040.00  California Buckwheat Scrub [Eriogonum fasciculatum] 
    32.040.01  California Buckwheat - California Figwort - Phacelia [Eriogonum fasciculatum-

Scrophularia californica-Phacelia ramosissima] (Kirkpatrick & Hutchinson 1977) 
    32.040.02  California Buckwheat [Eriogonum fasciculatum] (Gordon & White 1994) 
    *32.040.03 California Buckwheat - Big Sagebrush [Eriogonum fasciculatum-Artemisia tridentata]  

(Gordon & White 1994) 
    *32.040.04 California Buckwheat Alluvial Fan [Eriogonum fasciculatum] (Gordon & White 1994) 

32.040.05  California Buckwheat-White Bursage [Eriogonum fasciculatum-Ambrosia dumosa] 
(Keeler-Wolf et al 1998) 

    32.040.06  California Buckwheat - Bladder Sage [Eriogonum fasciculatum-Salazaria mexicana] 
(Keeler-Wolf and Thomas 2000) 

  
   *32.041.00  Wright’s Buckwheat Dwarf Scrub [Eriogonum wrightii] (Keeler-Wolf et al 1998) 
 
   *32.050.00  California Encelia Scrub [Encelia californica] 
    32.050.01  California Encelia - California Sagebrush [Encelia californica-Artemisia californica] 

(Kirkpatrick & Hutchinson 1977) 
    *32.050.02 California Encelia [Encelia californica] (Malanson 1984) 
 
   32.060.00  Coyote Brush Scrub and Dwarf Scrub [Baccharis pilularis] {32110} 
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    *32.060.01 Coyote Brush/Seaside Woolly-sunflower [Baccharis pilularis/Eriophyllum 
staechadifolium] (Baxter 1992) 

    *32.060.02 Coyote Brush / Tufted Hairgrass [Baccharis pilularis/Deschampsia caespitosa] (Elliott & 
Wehausen 1974) 

    *32.060.03 Coyote Brush / Creeping Ryegrass [Baccharis pilularis/Leymus triticoides] (Fiedler & 
Leidy 1987) 

    *32.060.04 Coyote Brush / Sword Fern [Baccharis pilularis/Polystichum munitum] (Grams et al. 
1977) 

    32.060.05  Coyote Brush - California Sagebrush [Baccharis pilularis-Artemisia californica]  (Heady 
et al. 1977) 

    32.060.06  Coyote Brush – Dune Lupine -Yellow Bush Lupine [Baccharis pilularis-Lupinus 
chamissonis – Lupinus arboreus] (Parker 1974 in Barbour & Johnson 1977 modified by 
Keeler-Wolf et al. 2001) 

    32.060.07  Coyote Brush / European Beachgrass [Baccharis pilularis/Ammophila arenaria] (Parker 
1974 in Barbour & Johnson 1977) 

    32.060.08  Coyote Brush / California Figwort [Baccharis pilularis/Scrophularia californica] (Parker 
1974 in Barbour & Johnson 1977)   

32.060.09  Coyote Brush / Annual Grasses [Baccharis pilularis-Bromus spp.] (Keeler-Wolf, et al.                 
2001) 

*32.060.10 Coyote Brush / Purple Needlegrass [Baccharis pilularis /Nassella pulchra]  (Keeler-
Wolf, et a.l 2001) 

*32.060.11 Coyote Brush / California Oatgrass [Baccharis pilularis /Danthonia californica] (Keeler-
Wolf, et a.l 2001) 

*32.060.12 Coyote Brush / Ocean Spray [Baccharis pilularis / Holodiscus discolor]  (Keeler-Wolf  et 
al. 2001) 

*32.060.13 Coyote Brush / Slough Sedge – Common Rush [Baccharis pilularis /Carex obnupta -
Juncus patens ]  (Keeler-Wolf et al. 2001) 

32.060.14  Coyote Brush – Blueblossom [Baccharis pilularis – Ceanothus thyrsiflorus] (Keeler-
Wolf et al. 2001) 

32.060.15  Coyote Brush – California Blackberry/ Weedy herb [ Baccharis pilularis -Rubus 
ursinus/weedy herb]  (Keeler-Wolf  et al. 2001)  

32.060.16  Coyote Brush – Coffeeberry [Baccharis pilularis -Rhamnus californicus]  (Keeler-Wolf  
et al. 2001) 

32.060.17  Coyote Brush – Poison Oak [Baccharis pilularis -Toxicodendron diversilobum]  (Keeler-
Wolf et al.  2001) 

32.060.18  Coyote Brush – California Sagebrush – Poison Oak/ Coyotemint  [Baccharis pilularis -
Artemisia californica-Toxicodendron/Monardella villosa] (Keeler-Wolf et al.  2001)  

        
     
   *32.070.00  Scalebroom Scrub [Lepidospartum squamatum] (Keeler-Wolf et al. 1998) 
    *32.070.01 California Buckwheat - Scalebroom [Eriogonum fasciculatum-Lepidospartum 

squamatum] (Gordon & White 1994) 
    *32.070.02 Scalebroom - Hairy Yerba Santa - Chaparral Yucca [Lepidospartum squamatum-

Eriodictyon crassifolium-Yucca whipplei] (Kirkpatrick & Hutchinson 1977) 
    *32.070.03 Scalebroom / mixed ephermeral herbs [Lepidospartum/mixed ephemeral Mojave Desert], 

(Barbour & Wirka 1997) 
 
   32.080.00  Yellow Bush Lupine Scrub [Lupinus arboreus] 
    32.080.01  Yellow Bush Lupine - Ripgut Brome [Lupinus arboreus-Bromus diandrus] 

(Duebendorfer 1989) 
    32.080.02  Yellow Bush Lupine [Lupinus arboreus] (Holton & Johnson 1979) 
    *32.080.03 Yellow Bush Lupine-Heather Goldenbush [Lupinus arboreus-Ericameria ericoides] 

(Holton & Johnson 1979) 
    32.080.04  Yellow Bush Lupine - Vernal Grass [Lupinus arboreus-Anthoxanthum odoratum] 

(Hektner & Foin 1977) 
    32.080.05  Yellow Bush Lupine - California Figwort [Lupinus arboreus-Scrophularia californica] 

(Parker 1974) 
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   32.081.00  Silver Bush Lupine Scrub [Lupinus albifrons] (Keeler-Wolf and Moore 2001) 
    32.081.01  Silver Bush Lupine [Lupinus albifrons] (Keeler-Wolf and Moore 2001)     
 
   32.090.00  Purple Sage Scrub [Salvia leucophylla] 
    32.090.01  Purple Sage - California Sagebrush [Salvia leucophylla-Artemisia californica] 

(Kirkpatrick & Hutchinson 1977) 
    32.090.02  Purple Sage - Laurel Sumac [Salvia leucophylla-Malosma laurina] (Kirkpatrick & 

Hutchinson 1977) 
 
   *32.100.00 California Buckwheat - White Sage Scrub [Eriogonium fasciculatum-Salvia apiana] (Gordon 

& White 1994) 
    *32.100.01 California Buckwheat - White Sage [Eriogonum fasciculatum-Salvia apiana] (Gordon & 

White 1994) 
 
   32.110.00  California Sagebrush - California Buckwheat Scrub [Artemisia californica-Eriogonum 

fasciculatum] 
    32.110.01  California Sagebrush - California Buckwheat - Sugar Bush [Artemisia californica-

Eriogonum fasciculatum-Rhus ovata] (Gordon & White 1994) 
    32.110.02  California Sagebrush - California Buckwheat - White Sage [Artemisia californica-

Eriogonum fasciculatum-Salvia apiana] (Gordon & White 1994) 
 
   32.120.00  California Sagebrush - Black Sage Scrub [Artemisia californica- Salvia mellifera] 
    32.120.01  California Sagebrush - Black Sage [Artemisia californica-Salvia mellifera]  (DeSimone 

& Burk 1992) 
    32.120.02  Black Sage - California Sagebrush [Salvia mellifera-Artemisia californica] (DeSimone & 

Burk 1992) 
 
   *32.130.00  Salal - Black Huckleberry Scrub and Dwarf Scrub [Gaultheria shallon-Vaccinium ovatum] 

{32120} 
   
   32.140.00  Mixed Sage Scrub [Salvia spp.] 
 
   *32.150.00  Coast Prickly Pear Succulent Scrub [Opuntia littoralis] 
 
   *32.160.00  Dune Lupine - Goldenbush Scrub [Lupinus chamissonis-Isocoma menziesii] {21330} 
    *32.160.01 Heather Goldenbush [Ericameria ericoides] (Bluestone 1981) 
    *32.160.02 Dune Lupine [Lupinus chamissonis] (Holton & Johnson 1979) 
    *32.160.03 Dune Lupine - Heather Goldenbush [Lupinus chamissonis-Ericameria ericoides] (Holton 

& Johnson 1979) 
      
   *32.170.00  Maritime Succulent Scrub {32400} 
 
   32.180.00  Broom Scrub [includes stands of Cytisus spp., Spartium spp.,Genista spp.] 
 
   32.185.00  Gorse Scrub [Ulex europea] (Keeler-Wolf, et al. 2001) 
 
   32.190.00  Venturan Coastal Sage Scrub {32300} 
 
   32.200.00  Diegan Coastal Sage Scrub {32500} 
 
   32.300.00  Coastal Sage Chaparral Scrub {37G00} 
    
 33.000.00  Sonoran and Mojavean Desert Scrub 
 
   33.010.00  Creosote Bush Scrub [Larrea tridentata] {33100} 
    33.010.01  Creosote Bush with disturbance [Larrea tridentata] (Minnich et al. 1993) 
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    *33.010.02 Sonoran Dune Scrub (Spolsky 1979) 
    33.010.03  High Diversity Creosote Scrub  (Spolsky 1979) 

33.010.04  moved to within 33.027.00 
    *33.010.05 Saltbush - Creosote Bush [Larrea tridentata-Atriplex polycarpa] (Spolsky 1979) 

33.010.06  Creosote Bush Wash Scrub [Larrea tridentata] (Keeler-Wolf et al. 1998) 
*33.010.07 Creosote Bush-White Ratteny-Big Galleta [Larrea tridentata-Krameria grayi-Pleuraphis 

rigida] (Keeler-Wolf et al. 1998) 
    33.010.08  Creosote Bush - Cheesebush [Larrea tridentata-Hymenoclea salsola]  (Keeler-Wolf and 

Thomas 2000) 
    33.010.09  Creosote Bush / Desert Trumpet [Larrea tridentata/Eriogonum inflatum]  (Keeler-Wolf 

and Thomas 2000) 
    33.010.10  Creosote Bush - Nevada Ephedra [Larrea tridentata-Ephedra nevadensis]  (Keeler-Wolf 

and Thomas 2000) 
    *33.010.11 Creosote Bush - Mojave Yucca - Desert Tea [Larrea tridentata-Yucca schidigera-

Ephedra californica]  (Keeler-Wolf and Thomas 2000)  
    33.010.12  Creosote Bush - Allscale [Larrea tridentata-Atriplex polycarpa] (Keeler-Wolf and 

Thomas 2000)   
    *33.010.13 Creosote Bush - Big Galleta [Larrea tridentata-Pleuraphis rigida]  (Keeler-Wolf and 

Thomas 2000)          
    *33.010.14 Creosote Bush - Big Galleta - Anderson’s Wolfberry [Larrea tridentata-Pleuraphis 

rigida-Lycium andersonii]  (Keeler-Wolf and Thomas 2000) 
    33.010.15  Creosote Bush - Cheesebush - Woolly Brickellia [Larrea tridentata-Hymenoclea salsola-

Brickellia incana]  (Keeler-Wolf and Thomas 2000) 
    33.010.16  Creosote Bush - Desert-holly [Larrea tridentata-Atriplex hymenelytra]  (Keeler-Wolf and 

Thomas 2000) 
    33.010.17  Creosote Bush - Shadscale [Larrea tridentata-Atriplex confertifolia]  (Keeler-Wolf and 

Thomas 2000) 
    *33.010.18 Creosote Bush - Shockley’s Goldenhead [Larrea tridentata-Acamptopappus shockleyi]  

(Keeler-Wolf and Thomas 2000) 
  
   33.020.00  Blackbush High Desert Scrub [Coleogyne ramosissima] {34300} 

 *33.020.01  Sonoran Blackbush [Coleogyne ramosissima] (Spolsky 1979) 
    33.020.02  Blackbush - Shadscale [Coleogyne ramosissima-Atriplex confertifolia] (Keeler-Wolf and 

Thomas 2000)    
    33.020.03  Blackbush - Nevada Ephedra [Coleogyne ramosissima-Ephedra nevadensis] (Keeler-

Wolf and Thomas 2000) 
    33.020.04  Blackbush - Nevada Ephedra - California Buckwheat [Coleogyne ramosissima-Ephedra 

nevadensis-Eriogonum fasciculatum] (Keeler-Wolf and Thomas 2000) 
    33.020.05  Blackbush - California Buckwheat [Coleogyne ramosissima-Eriogonum fasciculatum] 

(Keeler-Wolf and Thomas 2000) 
    33.020.06  Blackbush - Creosote Bush - California Buckwheat [Coleogyne ramosissima-Larrea 

tridentata-Eriogonum fasciculatum] (Keeler-Wolf and Thomas 2000) 
    33.020.07  Blackbush - Creosote Bush - White Busage [Coleogyne ramosissima-Larrea tridentata-

Ambrosia dumosa] (Keeler-Wolf and Thomas 2000) 
    33.020.08  Blackbush - Anderson’s Wolfberry [Coleogyne ramosissima-Lycium andersonii] (Keeler-

Wolf and Thomas 2000) 
    33.020.09  Blackbush - Bladder Sage [Coleogyne ramosissima-Salazaria mexicana]  (Keeler-Wolf 

and Thomas 2000) 
 
   33.025.00  Virgin River Encelia Scrub [Encelia virginensis var. actonii]  (Keeler-Wolf and Thomas 2000)  
    33.025.01  Virgin River Encelia [Encelia virginensis var. actonii] (Keeler-Wolf and Thomas 2000) 
    33.025.02  Virgin River Encelia - Blue Sage [Encelia virginensis var. actonii-Salvia dorrii] (Keeler-

Wolf and Thomas 2000)  
    
   33.027.00  Creosote Bush - Brittlebush Scrub [Larrea tridentata-Encelia farinosa] (Keeler-Wolf and 

Thomas 2000) Includes former 33.010.04  Creosote Bush - Brittlebush [Larrea tridenata-
Encelia farinosa] (Spolsky 1979) 
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    33.027.01  Creosote Bush - Brittlebush / Arizona Honeysweet [Larrea tridentata-Encelia 
farinosa/Tidestromia oblongifolia] (Keeler-Wolf and Thomas 2000) 

    33.027.02  Creosote Bush - Brittlebush - Sweetbush [Larrea tridentata-Encelia farinosa-Bebbia 
juncea] (Keeler-Wolf and Thomas 2000)  

    33.027.03  Creosote Bush - Brittlebush - White Bursage [Larrea tridentata-Encelia farinosa-
Ambrosia dumosa] (Keeler-Wolf and Thomas 2000) 

    33.027.04  Creosote Bush - Brittlebush - Ocotillo [Larrea tridentata-Encelia farinosa-Fouquieria 
splendens] (Keeler-Wolf 2001) 

 
                     
   33.030.00  Brittlebush Drought Deciduous Scrub [Encelia farinosa] 

 33.030.01  Brittlebush-succulent scrub [Encelia farinosa-succulent] 
*33.030.02 Brittlebush-Desert Fir [Encelia farinosa-Peucephyllum schottii] (Keeler-Wolf et al. 

1998) 
*33.030.03 Brittlebush-California Buckwheat-Agave [Encelia farinosa-Eriogonum fasciculatum-

Agave deserti] (Keeler-Wolf et al. 1998) 
 
   *33.031.00  Acton Encelia [Encelia actoni] 
 
   33.032.00  Desert Sunflower Drought Deciduous Scrub [Viguiera parishii] (Keeler-Wolf et al. 1998) 

*33.032.01 Desert Sunflower-Agave [Viguiera parishii-Agave deserti] (Keeler-Wolf et al. 1998) 
33.032.02  Desert Sunflower-California Buckwheat [Viguiera parishii-Eriogonum fasciculatum] 

(Keeler-Wolf et al. 1998) 
 
   *33.033.00 Net-veined Viguiera Scrub [Viguiera reticulata] (Keeler-Wolf and Thomas 2000) 
    *33.033.01 Net-veined Viguiera [Viguiera reticulata] (Keeler-Wolf and Thomas 2000) 
 
   33.040.00  Catclaw Acacia Thorn Scrub [Acacia greggii] 

33.040.01  Catclaw Acacia-wash association  [Acacia greggii] (Keeler-Wolf et al. 1998) 
33.040.02  Catclaw Acacia Savanna [Acacia greggii-Bromus madritensis]  (Keeler-Wolf et al. 1998) 

    33.040.03  Catclaw Acacia / Desert Lavender [Acacia greggii-Hyptis emoryi] (Keeler-Wolf and 
Thomas 2000) 

    33.040.04  Catclaw Acacia / Cheesebush [Acacia greggii/Hymenoclea salsola] (Keeler-Wolf and 
Thomas 2000) 

    33.040.05  Catclaw Acacia - Cheesebush - Virgin River Encelia [Acacia greggii-Hymenoclea 
salsola] (Keeler-Wolf and Thomas 2000) 

    33.040.06  Catclaw Acacia - Desert Sunflower [Acacia greggii-Viguiera parishii] (Keeler-Wolf and 
Thomas 2000) 

    33.040.07  Catclaw Acacia - Desert Almond [Acacia greggii-Prunus fasciculatum] (Keeler-Wolf 
and Thomas 2000) 

    *33.040.08 Catclaw Acacia - Woolly Bursage [Acacia greggii-Ambrosia eriocentra] (Keeler-Wolf 
and Thomas 2000) 

    33.040.09  Catclaw Acacia - Blue Sage [Acacia greggii-Salvia dorrii] (Keeler-Wolf and Thomas 
2000) 

    33.040.10  Catclaw Acacia - Sweetbush [Acacia greggii-Bebbia juncea] (Keeler-Wolf 2001) 
    *33.040.11 Catclaw Acacia/Naked buckwheat [Acacia greggii/Eriogonum nudum var. pauciflorum] 

(Wirka and Barbour 1997) 
 
  *33.050.00  Teddy-bear Cholla Succulent Scrub [Opuntia bigelovii] 
 
  33.060.00  White Bursage Dwarf Scrub [Ambrosia dumosa] 
   *33.060.01 White Bursage -Rayless Goldenhead [Ambrosia dumosa -Acamptopappus 

sphaerocephalus] association (Keeler-Wolf et al. 1998) 
   *33.060.02 White Bursage [Ambrosia dumosa], terrace association (Keeler-Wolf et al. 1998) 
   33.060.03 White Bursage - Desert-holly [Ambrosia dumosa-Atriplex hymenolytra] (Keeler-

Wolf and Thomas 2000) 
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   *33.060.04 White Bursage - Big Galleta [Ambrosia dumosa-Pleuraphis rigida] (Keeler-Wolf 
2001) 

   33.060.05 White Bursage - California Buckwheat [Ambrosia dumosa-Eriogonum 
fasciculatum] (Keeler-Wolf 2001) 

 
  *33.061.00 moved to 33.140.41 
   
  *33.062.00 Wand Holdback Unique Stands [Caesalpinia virgata] 
 
  33.070.00 Mojave Yucca Scrub [Yucca schidigera] 

    33.070.01 Mojave Yucca [Yucca schidigera] (Keeler-Wolf and Thomas 2000) 
     

 33.070.02             Mojave Yucca - Blackbush [Yucca schidigera-Coleogyne ramosissima]  (Keeler-
Wolf and Thomas 2000) 

 33.070.02      Mojave Yucca - Nevada Ephedra [Yucca schidigera-Ephedra nevadensis] 
(Keeler-Wolf and Thomas 2000) 

   33.070.03 Mojave Yucca  - White Bursage [Yucca schidigera-Ambrosia dumosa] (Keeler-
Wolf and Thomas 2000) 

    33.070.05 Mojave Yucca - Creosote Bush - White Bursage [Yucca schidigera-Larrea 
tridentata-Ambrosia dumosa] (Keeler-Wolf and Thomas 2000) 

    33.070.06 Mojave Yucca - Creosote Bush - Nevada Ephedra [Yucca schidigera-Larrea 
tridentata-Ephedra nevadensis] (Keeler-Wolf and Thomas 2000) 

    33.070.07 Mojave Yucca - California Buckwheat [Yucca schidigera-Eriogonum 
fasciculatum] (Keeler-Wolf and Thomas 2000) 

    *33.070.08 Mojave Yucca - Buckhorn Cholla [Yucca schidigera-Opuntia acanthocarpa] 
(Keeler-Wolf and Thomas 2000) 

    33.070.09 Mojave Yucca - Desert Sunflower [Yucca schidigera-Viguiera parishii] (Keeler-
Wolf and Thomas 2000) 

    *33.070.10 Mojave Yucca - Creosote Bush - (Jojoba) [Yucca schidigera-Larrea tridentata-
(Simmondsia chinensis)] (Keeler-Wolf and Thomas 2000) 

             
  *33.075.00  Desert Agave succulent-leaved scrub [Agave deserti] 
   *33.075.01 Desert Agave wash terrace [Agave deserti] (Keeler-Wolf et al. 1998) 
   *33.075.02 Desert Agave-Mojave Yucca [Agave deserti-Yucca schidigera] (Keeler-Wolf et 

al. 1998) 
 
  *33.080.00  Nolina [Nolina spp.] 
   *33.080.01  Parry’s Nolina [Nolina parryi] (Keeler-Wolf and Thomas 2000) 
 
  *33.090.00  Ocotillo open-tall scrub [Fouquieria splendens] 
 
  *33.100.00  All-thorn Tall Scrub Unique Stands [Koeberlinia spinosa] {75300} 
 
  *33.110.00  Crucifixion-thorn Tall ScrubUnique Stands [Castela emoryi] {75200} 
 
  *33.120.00  Elephant Tree Unique Stands [Bursera microphylla] {75100} 
 
  33.130.00  Brittlebush - White Bursage Dwarf Scrub [Encelia farinosa-Ambrosia dumosa] 
 
  33.140.00  Creosote Bush - White Bursage Scrub [Larrea tridentata-Ambrosia dumosa] 
   33.140.01 Rocky sides of hills and mountains  (McHargue 1973) 
   33.140.02 Rocky bajadas  (McHargue 1973) 
   33.140.03 Gravelly bajadas  (McHargue 1973) 
   33.140.04 Sonoran Creosote Bush Scrub [Larrea tridentata] (Spolsky 1979){33100} 
   33.140.05 Uniform Creosote Scrub [Larrea tridentata] (Spolsky 1979) 
   33.140.06 Mojave Creosote Bush Scrub [Larrea tridentata] {34100} 
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*33.140.07 Creosote bush-White bursage-Indigo Bush [Larrea tridentata-Ambrosia dumosa-
Psorothamnus schottii] (Keeler-Wolf et al. 1998) 

*33.140.08 Creosote bush-White bursage-California croton [Larrea tridentata-Ambrosia 
dumosa-Croton californica] 

33.140.09 Creosote Bush-White Bursage-Desert-holly [Larrea tridentata-Ambrosia dumosa-
/Atriplex hymenelytra] (Keeler-Wolf et al. 1998) 

*33.140.10 Creosote Bush-White Bursage-Galium-Lyrocarpa [Larrea tridentata-Ambrosia 
dumosa-Galium angustifolium-Lyrocarpa coulteri] (Keeler-Wolf et al. 1998) 

    33.140.11 Creosote Bush - White Bursage - Mojave Yucca [Larrea tridentata-Ambrosia 
dumosa-Yucca schidigera] (Keeler-Wolf and Thomas 2000) 

    33.140.12 Creosote Bush - White Bursage - Desert Sunflower [Larrea tridentata-Ambrosia 
dumosa-Viguiera parishii] (Keeler-Wolf and Thomas 2000) 

    33.140.13 Creosote Bush - White Bursage - Spiny Senna [Larrea tridentata-Ambrosia 
dumosa-Senna armata] (Keeler-Wolf and Thomas 2000) 

    33.140.14 Creosote Bush - White Bursage - Bladder Sage [Larrea tridentata-Ambrosia 
dumosa-Salazaria mexicana] (Keeler-Wolf and Thomas 2000) 

    33.140.15 Creosote Bush - White Bursage - Mojave indigo-bush [Larrea tridentata-
Ambrosia dumosa-Psorothamnus arborescens]  (Keeler-Wolf and Thomas 2000) 

    33.140.16 Creosote Bush - White Bursage - Fremont’s indigo-bush [Larrea tridentata-
Ambrosia dumosa-Psorothamnus fremontii] (Keeler-Wolf and Thomas 2000) 

    *33.140.17 Creosote Bush - White Bursage - Big Galleta [Larrea tridentata-Ambrosia 
dumosa-Pleuraphis rigida] (Keeler-Wolf and Thomas 2000) 

    33.140.18 Creosote Bush - White Bursage - Pencil Cactus [Larrea tridentata-Ambrosia 
dumosa-Opuntia ramosissima] (Keeler-Wolf and Thomas 2000) 

    33.140.19 Creosote Bush - White Bursage  - Anderson’s Wolfberry [Larrea tridentata-
Ambrosia dumosa-Lycium andersonii] (Keeler-Wolf and Thomas 2000) 

    33.140.20 Creosote Bush - White Bursage - Nevada Ephedra [Larrea tridentata-Ambrosia 
dumosa-Ephedra nevadensis]  (Keeler-Wolf and Thomas 2000) 

    33.140.21 Creosote Bush - White Bursage - Desert Peppergrass [Larrea tridentata-Ambrosia 
dumosa-Lepidium fremontii] (Keeler-Wolf and Thomas 2000) 

    33.140.22 Creosote Bush - White Bursage - White Rhatany [Larrea tridentata-Ambrosia 
dumosa-Krameria grayi] (Keeler-Wolf and Thomas 2000) 

    33.140.23 Creosote Bush - White Bursage Pima Rhatany [Larrea tridentata-Ambrosia 
dumosa-Krameria erecta]  (Keeler-Wolf and Thomas 2000) 

    *33.140.24 Creosote Bush - White Bursage - Thurber’s Sandpaper Plant [Larrea tridentata-
Ambrosia dumosa-Petalonyx thurberi] (Keeler-Wolf and Thomas 2000) 

    33.140.25 Creosote Bush - White Bursage - Matchweed spp. [Larrea tridentata-Ambrosia 
dumosa-Gutierrezia spp.]   (Keeler-Wolf and Thomas 2000)   

    33.140.26 Creosote Bush - White Bursage - Hop-sage [Larrea tridentata-Ambrosia dumosa-
Grayia spinosa]  (Keeler-Wolf and Thomas 2000) 

    33.140.27 Creosote Bush - White Bursage - Desert Trumpet [Larrea tridentata-Ambrosia 
dumosa-Eriogonum inflatum] (Keeler-Wolf and Thomas 2000) 

    33.140.28 Creosote Bush - White Bursage - California Buckwheat [Larrea tridentata-
Ambrosia dumosa-Eriogonum fasciculatum] (Keeler-Wolf and Thomas 2000) 

    *33.140.29 Creosote Bush - White Bursage - Death Valley Ephedra [Larrea tridentata-
Ambrosia dumosa-Ephedra funerea] (Keeler-Wolf and Thomas 2000) 

    *33.140.30 Creosote Bush - White Bursage - Desert Tea [Larrea tridentata-Ambrosia 
dumosa-Ephedra californica] (Keeler-Wolf and Thomas 2000) 

    *33.140.31 Creosote Bush - White Bursage - Virgin River Encelia [Larrea tridentata-
Ambrosia dumosa-Encelia virginensis] (Keeler-Wolf and Thomas 2000) 

    33.140.32  Creosote Bush - White Bursage - Brittlebush [Larrea tridentata-Ambrosia 
dumosa-Encelia farinosa] (Keeler-Wolf and Thomas 2000) 

    *33.140.33 Creosote Bush - White Bursage - Barrel Cactus [Larrea tridentata-Ambrosia 
dumosa-Echinocactus polycephalus] (Keeler-Wolf and Thomas 2000) 

    *33.140.34 Creosote Bush - White Bursage - Downy Dalea [Larrea tridentata-Ambrosia 
dumosa-Dalea mollissima] (Keeler-Wolf and Thomas 2000) 
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    *33.140.35 Creosote Bush - White Bursage - Cryptogrammic crust [Larrea tridentata-
Ambrosia dumosa-Cryptogrammic crust] (Keeler-Wolf and Thomas 2000) 

    33.140.36 Creosote Bush - White Bursage  - Sweetbush [Larrea tridentata-Ambrosia 
dumosa-Bebbia juncea] (Keeler-Wolf and Thomas 2000) 

    33.140.37 Creosote Bush - White Bursage - Fourwing Saltbush [Larrea tridentata-Ambrosia 
dumosa- Atriplex canescens] (Keeler-Wolf and Thomas 2000) 

33.140.38 Creosote Bush - White Bursage -Allscale [Larrea tridentata-Ambrosia dumosa-
Atriplex polycarpa] (Keeler-Wolf and Thomas 2000) 

33.140.39 Creosote Bush - White Bursage - Shadscale [Larrea tridentata-Ambrosia dumosa-
Atriplex confertifolia] (Keeler-Wolf and Thomas 2000) 

33.140.40 Creosote Bush - White Bursage - Fremont’s Chaff-bush [Larrea tridentata-
Ambrosia dumosa-Amphipappus fremontii] (Keeler-Wolf and Thomas 2000) 

33.140.41 Creosote Bush - White Bursage -Fagonia [Larrea tridentata-Ambrosia dumosa-
Fagonia laevis] (Keeler-Wolf et al. 1998) 

 
  *33.150.00  Foothill Palo Verde - Saguaro Tall Scrub [Cercidum microphyllum-Carnegia gigantea] 

{75400} 
 
  33.160.00  Bladderpod - California Ephedra - Narrowleaf Goldenbush Scrub [Isomeris arborea-

Ephedra californica-Ericameria linearifolia] {23300} 
 
   *33.160.01 Monvero Dunes Association  
 
  *33.170.00 Joshua Tree Tall Scrub and Open Woodland [Yucca brevifolia] 

    *33.170.01 Joshua Tree Woodland [Yucca brevifolia] {73000} 
     *33.170.02 Joshua Tree / Blackbush [Yucca brevifolia-Coleogyne ramosissima] (Keeler-Wolf 

and Thomas 2000) 
     *33.170.03 Joshua Tree - California Juniper / Blackbush [Yucca brevifolia-Juniperus 

californica/Coleogyne ramosissima] (Keeler-Wolf 2001) 
     *33.170.04 Joshua Tree / Big Sagebrush - Shadscale [Yucca brevifolia/Artemisia tridentata-

Atriplex confertifolia] (Keeler-Wolf and Thomas 2000) 
    *33.170.05 Joshua Tree / Creosote Bush - Nevada Ephedra [Yucca brevifolia/Larrea 

tridentata-Ephedra nevadensis] (Keeler-Wolf and Thomas 2000) 
    *33.170.06 Joshua Tree / Buckhorn Cholla [Yucca brevifolia/Opuntia acanthocarpa] (Keeler-

Wolf and Thomas 2000) 
    *33.170.07 Joshua Tree / Galleta spp. [Yucca brevifolia/Pleuraphis sp.] (Keeler-Wolf and 

Thomas 2000) 
    *33.170.08 Joshua Tree / Anderson’s Wolfberry [Yucca brevifolia/Lycium andersonii] 

(Keeler-Wolf and Thomas 2000) 
    *33.170.09 Joshua Tree / Bladder Sage [Yucca brevifolia/Salazaria mexicana] (Keeler-Wolf 

and Thomas 2000) 
    *33.170.10 Joshua Tree / Mojave Yucca - Creosote Bush [Yucca brevifolia/Yucca schidigera-

Larrea tridentata] (Keeler-Wolf and Thomas 2000) 
    *33.170.11 Joshua Tree / Creosote Bush - White Bursage - California Buckwheat [Yucca 

brevifolia/Larrea tridentata-Ambrosia dumosa-Eriogonum fasciculatum] (Keeler-
Wolf and Thomas 2000)      
 

  33.180.00 Hop-sage Scrub [Grayia spinosa] 
    33.180.01 Hop-sage [Grayia spinosa] (Keeler-Wolf and Thomas 2000) 
    33.180.02 Hop-sage - Shadscale [Grayia spinosa-Atriplex confertifolia] (Keeler-Wolf and  

Thomas 2000) 
    33.180.03 Hop-sage - Creosote Bush [Grayia spinosa-Larrea tridentata] (Keeler-Wolf and 

Thomas 2000) 
    33.180.04 Hop-sage - Anderson’s Wolfberry [Grayia spinosa-Lycium andersonii] (Keeler-

Wolf and Thomas 2000) 
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    *33.180.05 Hop-sage - Round-leaved Buckwheat [Grayia spinosa-Eriogonum ovalifolium] 
(Keeler-Wolf and Thomas 2000) 
 

  33.190.00 Desert Lavender Wash Scrub [Hyptis emoryi] (Keeler-Wolf et al. 1998) 
 

  33.200.00 Cheesebush Scrub [Hymenoclea salsola] 
33.200.01 Cheesebush-wash association [Hymenoclea salsola] (Keeler-Wolf et al. 1998) 
33.200.02 Cheesebush-California Buckwheat [Hymenoclea salsola-Eriogonum fasciculatum] 

(Keeler-Wolf et al. 1998) 
    33.200.03 Cheesebush - Blackstem Rabbitbrush [Hymenoclea salsola-Chrysothamnus 

paniculatus] (Keeler-Wolf and Thomas 2000) 
    33.200.04 Cheesebush - Shadscale [Hymenoclea salsola-Atriplex confertifolia] (Keeler-Wolf 

and Thomas 2000) 
    33.200.05 Cheesebush - Sweetbush [Hymenoclea salsola-Bebbia juncea] (Keeler-Wolf and 

Thomas 2000) 
    *33.200.06 Cheesebush -Woolly Bursage [Hymenoclea salsola-Ambrosia eriocentra] (Keeler-

Wolf and Thomas 2000) 
    33.200.07 Cheesebush - Woolly Brickellia [Hymenoclea salsola-Brickellia incana] (Keeler-

Wolf and Thomas 2000) 
    33.200.08 Cheesebush - Spiny Senna [Hymenoclea salsola-Senna armata] (Keeler-Wolf and 

Thomas 2000) 
 
  33.210.00 Sonoran Mixed Woody and Succulent Scrub {33220} 
   
  33.211.00 Mojave Mixed Woody Scrub {34210} 
  
  33.212.00 Mojave Mixed Steppe{34220} 
   
  33.213.00 Mojave Wash Scrub {34250} 

 
*33.220.00 Desert Apricot [Prunus fremontii] (Keeler-Wolf et al. 1998){37400} 

 
   *33.225.00 Graythorn Unique Stand [Ziziphus obtusifolia] (Keeler-Wolf 2001) 

 
   *33.230.00 Hackberry Scrub [Celtis laevigata] (Keeler-Wolf and Thomas 2000) 

 
   *33.240.00 Stanbury’s Antelope Brush Scrub [Purshia mexicana] (Keeler-Wolf and Thomas 2000) 

 
   *33.260.00 Sweetbush Riparian Scrub [Bebbia juncea] (Keeler-Wolf and Thomas 2000) 

 
   *33.270.00 California Ephedra [Ephedra californica] (Keeler-Wolf and Thomas 2000) 

33.270.01  California Ephedra - Cheesebush [Ephedra californica-Hymenoclea salsola] 
(Keeler-Wolf and Thomas 2000) 
 

  33.280.00 Nevada Ephedra Scrub [Ephedra nevadensis] (Keeler-Wolf and Thomas 2000) 
    33.280.01 Nevada Ephedra   [Ephedra nevadensis] (Keeler-Wolf and Thomas 2000)  

33.280.02 Nevada Ephedra - Shadscale [Ephedra nevadensis-Atriplex confertifolia] (Keeler-
Wolf and Thomas 2000) 

    33.280.03 Nevada Ephedra - Bladder Sage  [Ephedra nevadensis-Salazaria mexicana] 
(Keeler-Wolf and Thomas 2000) 

    33.280.04 Nevada Ephedra  [Ephedra nevadensis- Lyceum andersonii] (Keeler-Wolf and 
Thomas 2000) 
 

  33.290.00 Spiny Menodora Scrub [Menodora spinescens] (Keeler-Wolf and Thomas 2000)  
       

  33.300.00 Desert Almond Scrub [Prunus fasciculata] (Keeler-Wolf and Thomas 2000) 
    33.300.01 Desert Almond [Prunus fasciculata] (Keeler-Wolf and Thomas 2000) 
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    33.300.02 Desert Almond - Bladder Sage [Prunus fasciculata-Salazaria mexicana] (Keeler-
Wolf and Thomas 2000) 

    *33.300.03 Desert Almond  - Skunkbrush [Prunus fasciculata-Rhus trilobata] (Keeler-Wolf 
and Thomas 2000) 

    *33.300.04 Desert Almond - Stanbury’s Antelope Bush [Prunus fasciculata-Purshia 
mexicana] (Keeler-Wolf and Thomas 2000) 

    *33.300.05 Desert Almond - Woolly Bursage [Prunus fasciculata-Ambrosia eriocentra] 
(Keeler-Wolf and Thomas 2000) 

    *33.300.06 Desert Almond - Net-veined Viguiera - (Utah Mortonia) [Prunus fasciculata-
Viguiera reticulata-(Mortonia utahensis)] (Keeler-Wolf and Thomas 2000) 
 

  33.310.00 Bladder Sage Scrub [Salazaria mexicana] (Keeler-Wolf and Thomas 2000) 
    33.310.01 Bladder Sage [Salazaria mexicana] (Keeler-Wolf and Thomas 2000) 

    
  *33.320.00 Blue Sage Dwarf Scrubland [Salvia dorrii] (Keeler-Wolf and Thomas 2000)   

    *33.320.01 Blue Sage [Salvia dorrii] (Keeler-Wolf and Thomas 2000) 
 

  *33.330.00 Arizona Honeysweet Scrub [Tidestromia oblongifolia] (Keeler-Wolf and Thomas 2000) 
  

  *33.340.00 Chuparosa Scrub [Justicia californica] (Keeler-Wolf 2001) 
 

  *33.350.00 Chuckawallabush [Tetracoccus hallii]  unique stands (Keeler-Wolf 2001) 
 

  33.360.00 Anderson’s Wolfberry [Lycium andersonii] (Keeler-Wolf 2001) 
    33.360.01 Anderson’s Wolfberry - Jojoba - Big Galleta [Lycium andersonii-Simmondsia 

chinensis-Pleuraphis rigida] (Keeler-Wolf 2001)    
            
 35.000.00 Great Basin Scrub 
 
  35.100.00 Sagebrush Scrub [Artemisia spp.] {35200} 
 
  35.101.00 Subalpine Sagebrush Scrub [Artemisia spp.] {35220} 
  
  35.102.00 Sagebrush Steppe [Artemisia spp.] {35300} 
 
  35.110.00 Big Sagebrush Scrub [Artemisia tridentata] {35210} 

    35.110.01 Big Sagebrush - Rubber Rabbitbrush [Artemisia tridentata-Chrysothamnus 
nauseosus] (Ferren & Davis 1991) 

    *35.110.02 Big Sagebrush [Artemisia tridentata] (Gordon & White 1994) 
    35.110.03 Desert Slope Sagebrush (Spolsky 1979) 
    35.110.04 Big Sagebrush - Desert Snowberry [Artemisia tridentata-Symphoricarpos 

longiflorus] (Taylor 1980) 
    35.110.05 Big Sagebrush - Blackbush [Artemisia tridentata-Coleogyne ramosissima]  

(Keeler-Wolf and Thomas 2000) 
    35.110.06 Big Sagebrush - Virgin River Encelia [Artemisia tridentata-Encelia virginensis]  

(Keeler-Wolf and Thomas 2000) 
    35.110.07 Big Sagebrush - Antelope Bitterbrush [Artemisia tridentata-Purshia tridentata]  

(Keeler-Wolf and Thomas 2000) 
    35.110.08 Big Sagebrush - Green Ephedra [Artemisia tridentata-Ephedra viridis] (Keeler-

Wolf and Thomas 2000) 
    35.110.09 Big Sagebrush / Mountain Monardella [Artemisia tridentata/Monardella 

odoratissima] (Keeler-Wolf and Moore 2001) 
    35.110.10 Mountain Big Sagebrush / Shorthair Sedge [Artemisia tridentata var. 

vaseyana/Carex filifolia] (Keeler-Wolf and Moore 2001) 
         

  35.120.00 Low Sagebrush Dwarf Scrub [Artemisia arbuscula] 
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    *35.120.01 Low Sagebrush / Mono Clover [Artemisia arbuscula/Trifolium monoense] (Major 
& Taylor 1977) 

    35.120.02 Low Sagebrush / Stemless Haplopappus [Artemisia arbuscula/Stenotus acaulis] 
(Major & Taylor 1977) 

    *35.120.03 Low Sagebrush / Idaho Fescue [Artemisia arbuscula/Festuca idahoensis] 
(Stillman 1980) 

    35.120.04 Low Sagebrush / Prickly Phlox [Artemisia arbuscula/Leptodactylon pungens] 
(Keeler-Wolf and Moore 2001) 

    *35.120.05 Low Sagebrush / slender buckwheat [Artemisia arbuscula-Eriogonum 
microthecum] (Keeler-Wolf and Moore 2001) 

 
  35.130.00 Black Sagebrush Dwarf Scrub [Artemisia nova] {47000} 
   *35.130.01 Southern Montane Black Sagebrush Pebble Plains [Artemisia nova] 

    *35.130.02 Black Sagebrush - Engelmann’s Hedgehog Cactus [Artemisia nova-Echinocereus 
engelmanii] (Keeler-Wolf and Thomas 2000) 

    *35.130.03 Black Sagebrush - Cheesebush [Artemisia nova-Hymenoclea salsola] (Keeler-
Wolf and Thomas 2000) 

 
  *35.140.00 Rothrock Sagebrush Scrub [Artemisia rothrockii] 

    *35.140.01 Rothrock Sagebrush / Heretic Penstemon [Artemisia rothrockii/Penstemon 
heterodoxus] (Benedict 1983) 

    *35.140.02 Rothrock Sagebrush / Mountain Monardella [Artemisia rothrockii/Monardella 
odoratissima] (Taylor 1984) 

    *35.140.03 Rothrock Sagebrush (Artemisia rothrockii) Holcomb Valley, San Bernardino 
Mtns (CNPS veg-fest 2000)  

 
  *35.150.00 Silver Sagebrush Scrub [Artemisia cana] (Keeler-Wolf and Moore 2001) 
 
  35.200.00 Antelope Bitterbrush Scrub [Purshia tridentata] 

    35.200.01 Antelope Bitterbrush - Big Sagebrush - Horesebush [Purshia tridentata-Artemisia 
tridentata-Tetradymia canescens] (Keeler-Wolf and Moore 2001) 

    35.200.02 Antelope Bitterbrush - Big Sagebrush / Indian Ricegrass [Purshia tridentata-
Artemisia tridentata/Achnatherum hymenoides] (Keeler-Wolf and Moore 2001) 

    35.200.03 Antelope Bitterbrush - Big Sagebrush - Round-leaf Snowberry [Purshia 
tridentata-Artemisia tridentata-Symphoricarpos rotundifolia] (Keeler-Wolf and 
Moore 2001) 

    35.200.04 Antelope Bitterbrush / Nelson’s Needlegrass [Purshia tridentata/Achnatherum 
nelsonii] (Keeler-Wolf and Moore 2001) 

    35.200.05 Antelope Bitterbrush / Sulphur-flower Buckwheat [Purshia tridentata/Eriogonum 
umbellatum] (Keeler-Wolf and Moore 2001) 

 
  35.300.00 Rabbitbrush Scrub [Chrysothamnus spp.] 
 
  35.310.00 Rubber Rabbitbrush Scrub [Chrysothamnus nauseosus] 
 
  *35.320.00 Parry Rabbitbrush Dwarf Scrub [Chrysothamnus parryi] {35410} 
 
  35.330.00 Needle-leaved Rabbitbrush [Chrysothamnus teretifolius] {39000} 
 
  35.340.00 Blackstem Rabbitbrush [Chrysothamnus paniculatus] (Keeler-Wolf and Thomas 2000) 
 
 36.000.00 Chenopod Scrub {36000} 
 
  36.100.00 Iodine Bush Succulent Scrub [Allenrolfea occidentalis] 
 
  *36.110.00 Great Valley Iodine Bush Scrub [Allenrolfea occidentalis] 
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  *36.120.00 Desert Iodine Bush Scrub [Allenrolfea occidentalis] 
    *36.120.01 Saltgrass - Iodine Bush [Distichlis spicata- Allenrolfea occidentalis] (Bradley 

1970) 
    *36.120.02 Bush Seepweed - Iodine Bush [Suaeda moquinii-Allenrolfea occidentalis] 

(Bradley 1970) 
    *36.120.03 Alkali Sacaton - Iodine Bush [Sporobolus airoides-Allenrolfea occidentalis]  

(Odion et  al 1992) 
    *36.120.04 Iodine Bush [Allenrolfea occidentalis] (McHargue 1973) 

 
  36.200.00 Bush Seepweed Scrub [Suaeda moquinii] 

    *36.200.01 Great Valley Bush Seepweed Scrub [Suaeda moquinii] 
    *36.200.02 Desert Bush Seepweed Scrub [Suaeda moquinii] 
    36.200.03 Bush Seepweed - Iodine Bush [Suaeda moquinii-Allenrolfea occidentalis] 

(Bradley 1970) 
    36.200.04 Bush Seepweed - Fourwing Saltbush [Suaeda moquinii-Atriplex canescens] 

(Keeler-Wolf and Thomas 2000) 
 

  36.300.00 Saltbush Scrub and Dwarf Scrub [Atriplex spp.]  
   
  36.301.00 Desert Saltbush Scrub [Atriplex spp.] {36110} 
   
  36.302.00 Valley Saltbush Scrub [Atriplex spp.] {36220}   
   
  36.303.00 Interior Coast Range Saltbush Scrub [Atriplex spp.] {36320} 

 
  36.310.00 Fourwing Saltbush Scrub [Atriplex canescens] 

    36.310.01 Fourwing Saltbush [Atriplex canescens] (Keeler-Wolf 2001) 
 

  36.320.00 Shadscale Scrub [Atriplex confertifolia] {36140} 
    *36.320.01 Greasewood - Shadscale [Sarcobatus vermiculatus-Atriplex confertifolia]  (Ferren 

& Davis 1991) 
    36.320.02 Shadscale - Nevada Ephedra [Atriplex confertifolia-Ephedra nevadensis]  (Ferren 

& Davis 1991) 
    36.320.03 Shadscale - White Bursage [Atriplex confertifolia-Ambrosia dumosa] (Keeler-

Wolf and Thomas 2000) 
    36.320.04 Shadscale - Blackbush [Atriplex confertifolia-Coleogyne ramosissima] (Keeler-

Wolf and Thomas 2000) 
    36.320.05 Shadscale - Sticky Snakeweed - Catclaw Horsebrush  [Atriplex confertifolia-

Guterriezia microchephala-Tetradymia axillaris] (Keeler-Wolf and Thomas 2000) 
    36.320.06 Shadscale - Fourwing Saltbush [Atriplex confertifolia-Atriplex canescens] 

(Keeler-Wolf and Thomas 2000) 
    36.320.07 Shadscale - Anderson’s Wolfberry [Atriplex confertifolia-Lycium andersonii] 

(Keeler-Wolf and Thomas 2000) 
    36.320.08 Shadscale - Winter Fat [Atriplex confertifolia-Krascheninnikovia lanata] (Keeler-

Wolf and Thomas 2000) 
    36.320.09 Shadscale - Virgin River Encelia - Hop-sage [Atriplex confertifolia-Encelia 

virginensis-Grayia spinosa] (Keeler-Wolf and Thomas 2000)   
  
 

  36.330.00 Desert-holly Scrub [Atriplex hymenelytra] 
    36.330.01 Desert-holly [Atriplex hymenelytra] (Keeler-Wolf and Thomas 2000) 
    36.330.02 Desert-holly - White Bursage [Atriplex hymenelytra-Ambrosia dumosa] (Keeler-

Wolf and Thomas 2000) 
    36.330.03 Desert-holly - Creosote Bush - White Bursage [Atriplex hymenelytra-Larrea 

tridentata-Ambrosia dumosa] (Keeler-Wolf and Thomas 2000) 
   36.330.04 Desert-holly - Arizona Honeysweet [Atriplex hymenelytra-Tidestromea 

oblongifolia] (Keeler-Wolf and Thomas 2000) 
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  36.340.00 Allscale Scrub [Atriplex polycarpa] {23200} 
 
  *36.341.00 Great Valley Allscale Scrub [Atriplex polycarpa] {36220} 
 
  *36.342.00 Sierra-Tehachapi Saltbush Scrub [Atriplex spp.] {36310} 
 
  *36.350.00 Spinescale Scrub [Atriplex spinifera] 
 
  *36.351.00 Great Valley Spinescale Scrub [Atriplex spinifera] {36220} 
   
  36.360.00 Mixed Saltbush [Atriplex spp.] 
   36.360.01 Mixed Saltbush [Atriplex spp.] (McHargue 1973) 

    36.360.02 Allscale - Shadscale [Atriplex polycarpa-Atriplex confertifolia] (Yoder et al. 
1983) 

  
   36.370.00 Quailbush Scrub [Atriplex lentiformis] 

     36.370.01 Big Saltbush - Allscale Scrub [Atriplex lentiformis] (Keeler-Wolf, Vaghti 2000)
    

 
  *36.400.00 Greasewood Scrub [Sarcobatus vermiculatus] {36130} 
 
  *36.500.00 Winter Fat dwarf scrub [Krascheninnikovia lanata] 
 
  36.600.00 Valley Saltbush Scrub [Atriplex spp.] 
 
  36.700.00 Desert Sink Scrub {36210} 
 
  36.800.00 Valley Sink Scrub {36210} 
 
 37.000.00 Undifferentiated Chaparral Scrubs {37000} 
   37.000.01 Northern Mixed Chaparral {37110} 
   *37.000.02 Gabbroic Northern Mixed Chaparral {37111} 
   *37.000.03 Mafic Southern Mixed Chaparral {37122} 
   37.000.04 Semi-Desert Chaparral {37400} 
   37.000.05 Mixed Montane Chaparral {37510} 
   *37.000.06 Mixed Serpentine Chaparral {37610} 
   37.000.07 Northern North Slope Chaparral {37E10} 
   37.000.08 Coastal Sage Chaparral Scrub {37G00} 
   37.000.09 Island Chaparral {37700} 
 
 37.100.00 Chaparral with Chamise with or without other codominant shrubs {37200} 
 
  37.101.00 Chamise Chaparral [Adenostoma fasciculatum] 

    37.101.01 Chamise - Bigberry Manzanita [Adenostoma fasciculatum-Arctostaphylos glauca] 
(Gordon & White 1994) 

    37.101.02 Chamise - Black Sage [Adenostoma fasciculatum-Salvia mellifera] (Gordon & 
White 1994) 

    37.101.03 Chamise - California Buckwheat - White Sage [Adenostoma fasciculatum-
Eriogonum fasciculatum-Salvia apiana] (Gordon & White 1994) 

    37.101.04 Chamise - Chaparral Yucca [Adenostoma fasciculatum-Yucca whipplei] (Gordon 
& White 1994) 

    37.101.05 Chamise - Cupleaf Ceanothus [Adenostoma  fasciculatum-Ceanothus greggii] 
(Gordon & White 1994) 

    *37.101.06 Chamise - Cupleaf Ceanothus - Mafic Soils [Adenostoma fasciculatum-Ceanothus 
greggii] (Gordon & White 1994) 
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    37.101.07 Chamise - Eastwood Manzanita [Adenostoma fasciculatum-Arctostaphylos 
glandulosa] (Gordon & White 1994) 

    37.101.08 Chamise - Hoaryleaf Ceanothus [Adenostoma  fasciculatum-Ceanothus 
crassifolius] (Gordon & White 1994) 

    37.101.09 Chamise - Scrub Oak [Adenostoma fasciculatum-Quercus berberidifolia] (Gordon 
& White 1994) 

    37.101.10 Chamise - Wedgeleaf Ceanothus [Adenostoma fasciculatum-Ceanothus cuneatus] 
(Gordon & White 1994) 

    37.101.11 Chamise - Woollyleaf Ceanothus [Adenostoma fasciculatum-Ceanothus 
tomentosus] (Gordon & White 1994) 

    *37.101.12 Chamise / Bush Monkeyflower [Adenostoma fasciculatum/Mimulus aurantiacus] 
(Keeler-Wolf, et al. 2001)    

 
  37.102.00 Chamise - Black Sage Chaparral [Adenostoma fasciculatum-Salvia mellifera] 

    *37.102.01 Southern Maritime Chaparral {37C30} 
    37.102.02 Chamise - Black Sage / Herb [Adenostoma fasciculatum-Salvia mellifera/Herb]  

(Hogan & Sawyer 1996) 
    *37.102.03 Chamise - Black Sage - Mixed Shrub [Adenostoma fasciculatum-Salvia 

mellifera/Mixed Shrub] (Hogan & Sawyer 1996) 
 
  37.103.00 Chamise - White Sage Chaparral [Adenostoma fasciculatum-Salvia apiana] 

    37.103.01 Chamise - White Sage [Adenostoma fasciculatum-Salvia apiana] (Gordon & 
White 1994) 

 
   37.104.00 Chamise - Bigberry Manzanita Chaparral [Adenostoma fasciculatum- Arctostaphylos 

glauca] 
    37.104.01 Chamise - Bigberry Manzanita [Adenostoma fasciculatum-Arctostaphylos glauca] 

(Gordon & White 1994) 
    37.104.02 Chamise - Bigberry Manzanita - Chaparral Whitethorn [Adenostoma 

fasciculatum-Arctostaphylos glauca-Ceanothus leucodermis] (Gordon & White 
1994) 

    37.104.03 Chamise - Bigberry Manzanita - Chaparral-Yucca [Adenostoma fasciculatum-
Arctostaphylos glauca-Yucca whipplei] (Gordon & White 1994) 

    37.104.04 Chamise - Bigberry Manzanita - Cupleaf Ceanothus [Adenostoma fasciculatum-
Arctostaphylos glauca-Ceanothus gregii] (Gordon & White 1994) 

    37.104.05 Chamise - Bigberry Manzanita - Hoaryleaf Ceanothus [Adenostoma fasciculatum-
Arctostaphylos glauca-Ceanothus crassifolius] (Gordon & White 1994) 

    37.104.06 Chamise - Bigberry Manzanita - Scrub Oak [Adenostoma fasciculatum-
Arctostaphylos glauca-Quercus berberidifolia] (Gordon & White 1994) 

    37.104.07 Chamise - Bigberry Manzanita - Wedgeleaf Ceanothus [Adenostoma 
fasciculatum-Arctostaphylos glauca-Ceanothus cuneatus]  (Gordon & White 
1994) 

 
  37.105.00 Chamise - Cupleaf Ceanothus Chaparral [Adenostoma fasciculatum-Ceanothus greggii] 

    37.105.01 Chamise - Cupleaf Ceanothus [Adenostoma fasciculatum-Ceanothus greggii] 
(Gordon & White 1994) 

    *37.105.02 Chamise / Mafic Soils [Adenostoma fasciculatum] (Gordon & White 1994) 
 

   37.106.00 Chamise - Eastwood Manzanita Chaparral [Adenostoma fasciculatum- Arctostaphylos 
glandulosa] 

    37.106.01 Chamise - Eastwood Manzanita - Birchleaf Mountain-mahogany [Adenostoma 
fasciculatum-Arctostaphylos glandulosa-Cercocarpus betuloides] (Gordon & 
White 1994) 

    37.106.02 Chamise - Eastwood Manzanita - Chaparral Whitethorn [Adenostoma 
fasciculatum-Arctostaphylos glandulosa-Ceanothus leucodermis] (Gordon & 
White 1994) 
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    37.106.03 Chamise - Eastwood Manzanita - Cupleaf Ceanothus [Adenostoma fasciculatum-
Arctostaphylos glandulosa-Ceanothus greggii] (Gordon & White 1994) 

    37.106.04 Chamise - Eastwood Manzanita - Hoaryleaf Ceanothus [Adenostoma 
fasciculatum-Arctostaphylos glandulosa-Ceanothus crassifolius]  (Gordon & 
White 1994) 

    37.106.05 Chamise - Eastwood Manzanita / Mafic Soils [Adenostoma fasciculatum-
Arctostaphylos glandulosa] (Gordon & White 1994) 

    37.106.06 Chamise - Eastwood Manzanita - Birchleaf Mountain-mahogany [Adenostoma 
fasciculatum-Arctostaphylos glandulosa-Cercocarpus betuloides] (Gordon & 
White 1994) 

    37.106.07 Chamise - Eastwood Manzanita - Wedgeleaf Ceanothus [Adenostoma 
fasciculatum-Arctostaphylos glandulosa-Ceanothus cuneatus] (Gordon & White 
1994) 

    37.106.08 Chamise - Eastwood Manzanita [Adenostoma fasciculatum-Arctostaphylos 
glandulosa] (Parker 1990) 

    37.106.09 Chamise - Eastwood Manzanita - Musk Brush / Serpentine Reed Grass 
[Adenostoma fasciculatum-Arctostaphylos glandulosa-Ceanothus 
jepsonii/Calamagrostis ophitidis] (Keeler-Wolf, et al. 2001) 

    37.106.10 Chamise - Eastwood Manzanita - Interior Live Oak [Adenostoma fasciculatum-
Arctostaphylos glandulosa-Quercus wislizeni] (Keeler-Wolf, et al. 2001) 

 
   37.107.00 Chamise - Hoaryleaf Ceanothus Chaparral [Adenostoma fasciculatum-Ceanothus 

crassifolius] 
    37.107.01 Chamise - Hoaryleaf Ceanothus [Adenostoma fasciculatum-Ceanothus 

crassifolius] (Gordon & White 1994) 
    37.107.02 Chamise - Hoaryleaf Ceanothus-Black Sage [Adenostoma fasciculatum-

Ceanothus crassifolius-Salvia mellifera] (Gordon & White 1994) 
 

   37.108.00 Chamise - Wedgeleaf Ceanothus Chaparral [Adenostoma fasciculatum-Ceanothus 
cuneatus] 

    37.108.01 Chamise - Wedgeleaf Ceanothus [Adenostoma fasciculatum-Ceanothus cuneatus] 
(Gordon & White 1994) 

 
   *37.109.00 Chamise - Mission-manzanita - Woollyleaf Ceanothus Chaparral [Adenostoma 

fasciculatum-Xylococcus bicolor-Ceanothus tomentosus] 
    37.109.01 Chamise - Mission-manzanita [Adenostoma fasciculatum-Xylococcus bicolor] 

(Gordon & White 1994) 
    37.109.02 Chamise - Mission-manzanita-Woollyleaf Ceanothus [Adenostoma fasciculatum-

Xylococcus bicolor-Ceanothus tomentosus] (Gordon & White 1994) 
    *37.109.03 Chamise - Mission-manzanita - Woollyleaf Ceanothus (mafic soils) [Adenostoma 

fasciculatum-Xylococcus bicolor-Ceanothus tomentosus] (Gordon & White 1994) 
     *37.109.04 Chamise - Woollyleaf Ceanothus [Adenostoma fasciculatum-Ceanothus 

tomentosus] (Gordon & White 1994) 
 
  37.200.00 Chaparral with Ceanothus spp. as principal indicator 
 
  37.201.00 Bigpod Ceanothus Chaparral [Ceanothus megacarpus] {37840} 
   37.201.01 Bigpod Ceanothus [Ceanothus megacarpus] (Borchert et al. 1993b) 

    37.201.02 Bigpod Ceanothus - Chamise / Black Sage [Ceanothus megacarpus-Adenostoma 
fasciculatum/Salvia mellifera] (Borchert et al. 1993b) 

 
   37.202.00 Bigpod Ceanothus - Birchleaf Mountain-mahogany Chaparral [Ceanothus megacarpus-

Cercocarpus betuloides] (Borchert, et al. 2000) 
 
   37.203.00 Bigpod Ceanothus - Hollyleaf Redberry Chaparral [Ceanothus megacarpus-Rhamnus 

ilicifolia] (Borchert, et al. 2000) 
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   37.204.00 Blue Blossom Chaparral [Ceanothus thyrsiflorus] {37820} 
    37.204.01 Blue Blossom Ceanothus - Coyote Brush - Poison Oak [Ceanothus thyrsiflorus-

Baccharis pilularis-Toxicodendron diversilobum] (Keeler-Wolf, et al. 2001) 
 
  37.205.00 Chaparral Whitethorn Chaparral [Ceanothus leucodermis] {37532} 
   37.205.01 Chaparral Whitethorn [Ceanothus leucodermis] (Gordon & White 1994) 
 
  37.206.00 Deerbrush Montane Chaparral [Ceanothus integerrimus] {37531} 
   37.206.01 Deerbrush [Ceanothus integerrimus]  (Gordon & White 1994) 

    37.206.02 Deerbrush - Canyon Live Oak - Blue Wildrye [Ceanothus integerrimus-Quercus 
chrysolepis-Elymus glaucus] (Stuart et al. 1993) 

       37.206.03 Tanoak - Madrone - Deerbrush [Lithocarpus densiflora-Arbutus menziesii-
Ceanothus integerrimus] (Stuart et al. 1993) 

    37.206.04 Deerbrush - Whiteleaf Manzanita [Ceanothus integerrimus-Arctostaphylos 
viscida] (Keeler-Wolf and Moore 2001) 

   
  37.207.00 Hairyleaf Ceanothus Chaparral [Ceanothus oliganthus] 
   37.207.01 Hairyleaf Ceanothus [Ceanothus oliganthus] (Gordon & White 1994) 
 
  37.208.00 Hoaryleaf Ceanothus Chaparral [Ceanothus crassifolius] {37830} 
   37.208.01 Hoaryleaf Ceanothus [Ceanothus crassifolius] (Gordon & White 1994) 
 
  37.209.00 Mountain Whitethorn Montane Chaparral [Ceanothus cordulatus] 
   37.209.01 Mountain Whitethorn [Ceanothus cordulatus] (Keeler-Wolf and Moore 2001) 
 
  37.210.00 Tobacco Brush Montane Chaparral [Ceanothus velutinus] {37533} 
   37.210.01 Tobacco Brush [Ceanothus velutinus] (Keeler-Wolf and Moore 2001) 

    37.210.02 Tobacco Brush - Bitter Cherry [Ceanothus velutinus-Prunus emarginata] (Keeler-
Wolf and Moore 2001) 

 
  37.211.00 Wedgeleaf Ceanothus Chaparral [Ceanothus cuneatus] {37810} 
   37.211.01 Wedgeleaf Ceanothus [Ceanothus cuneatus] Stuart et al. 1992) 

    37.211.02 Wedgeleaf Ceanothus - Incense-cedar [Ceanothus cuneatus-Calocedrus 
decurrens] (Stuart et al. 1992) 

    37.211.03 Wedgeleaf Ceanothus / Squirreltail [Ceanothus cuneatus/Elymus elymoides] 
(Taylor & Teare 1979b) 

    37.211.04 Wedgeleaf Ceanothus / Annual Grass [Ceanothus cuneatus/Bromus spp.-Vulpia 
spp.] (Keeler-Wolf and Moore 2001) 

 
   37.212.00 Cupleaf Ceanothus - Fremontia - Oak Chaparral [Ceanothus greggii-Fremontodendron 

californicum-Quercus sp.] {37J00} 
   37.212.01 Cupleaf Ceanothus [Ceanothus greggii] (Gordon & White 1994) 

    37.212.02 Birchleaf Mountain-mahogany - Chamise [Cercocarpus betuloides-Adenostoma 
fasciculatum] (Gordon & White 1994) 

    37.212.03 Birchleaf Mountain-mahogany - Flannelbush [Cercocarpus betuloides-
Fremontodendron californicum] (Gordon & White 1994) 

    *37.212.04 entry moved to 37.418.00 
 
   37.213.00 Bigpod Ceanothus - Hollyleaf Cherry Chaparral [Ceanothus megacarpus-Prunus ilicifolia] 

(Borchert, et al. 2000) 
 
   37.214.00 Greenbark Ceanothus Scrub [Ceanothus spinosus] (Borchert, et al. 2000) 
 
   *37.215.00 Siskiyou Mat dwarf scrub [Ceanothus pumulus]  (Jimerson et al. 1995) 
    *37.215.01 Siskiyou mat / Idaho Fescue [Ceanothus pumilus/Festuca idahoensis] (Jimerson et 

al. 1995) 
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37.300.00 Chaparral with Manzanita [Arctostaphylos spp.] as principal indicator {37B00} 
 
  37.301.00 Bigberry Manzanita Chaparral [Arctostaphylos glauca] 
   37.301.01 Bigberry Manzanita [Arctostaphylos glauca] (Gordon & White 1994) 
 
  37.302.00 Eastwood Manzanita Chaparral [Arctostaphylos glandulosa] 
   37.302.01 Eastwood Manzanita [Arctostaphylos glandulosa]  (Gordon & White 1994) 
   37.302.02 Adams Manzanita [Arctostaphylos glandulosa ssp. adamsii] 

37.302.03 Eastwood Manzanita-Mountain Mahogany [Arctostaphylos glandulosa-
Cercocarpus betuloides] 

    37.302.04 Eastwood Manzanita - Interior Live Oak [Arctostaphylos glandulosa-Quercus 
wislizeni] (Keeler-Wolf, et al. 2001) 

 
  37.303.00 Greenleaf Manzanita Chaparral [Arctostaphylos patula] 
   37.303.01 Greenleaf Manzanita [Arctostaphylos  patula] (Keeler-Wolf and Moore 2001) 
 
  *37.304.00 Ione Manzanita Chaparral [Arctostaphylos myrtifolia] 
 
  37.305.00 Whiteleaf Manzanita Chaparral [Arctostaphylos viscida] 
   37.305.01 Whiteleaf Manzanita [Arctostaphylos viscida] (Keeler-Wolf and Moore 2001) 
  
  *37.306.00 Sensitive Manzanita Scrub [Arctostaphylos nummularia] (Keeler-Wolf, et al. 2001) 

*37.306.01 Sensitive Manzanita – Black Huckleberry- Giant Chinquapin (A. nummularia-
Vaccinium ovatum-Chrysolepis chrysophylla)(Keeler-Wolf et al. 2001) 

    
   *37.307.00 Mount Tamalpais Manzanita [Arctostaphylos hookeri ssp. montana] Unique Stands 

(Keeler-Wolf, et al. 2001) 
 
  *37.308.00 Woollyleaf Manzanita Chaparral [Arctostaphylos tomentosa spp. tomentosa] 
   *37.308.01 Northern Maritime Chaparral {37C10} 
   *37.308.02 Central Maritime Chaparral {37C20} 
 
  *37.309.00 Ione Chaparral {37D00} (may include other associations and alliances compared to 

37.304.00) 
 
  37.310.00 Pink-bracted Manzanita [Arctostaphylos pringlei ssp. drupacea]  (Keeler-Wolf et al. 1998)
  

  37.310.01 Pink-Bracted Manzanita -Point-leaf Manzanita [Arctostaphylos pringlei ssp. 
drupacea- Arctostaphylos pungens] (Keeler-Wolf et al. 1998) 

 
 37.400.00 Chaparral with Oak [Quercus spp.] as principal indicator 
 
  37.401.00 Interior Live Oak Chaparral [Quercus wislizeni] {37A00} 
 
  37.402.00 Interior Live Oak - Canyon Live Oak Chaparral [Quercus wislizeni-Quercus chrysolepis] 

    37.402.01 Interior Live Oak - Canyon Live Oak [Quercus wislizeni-Quercus chrysolepis] 
(Gordon & White 1994) 

 
   37.403.00 Interior Live Oak - Chaparral Whitethorn Chaparral [Quercus wislizeni-Ceanothus 

leucodermis] 
    37.403.01 Shrub Interior Live Oak - Chaparral Whitethorn [Quercus wislizeni-Ceanothus 

leucodermis] (Gordon & White 1994) 
    37.403.02 Shrub Interior Live Oak - Chaparral Whitethorn - Eastwood Manzanita [Quercus 

wislizeni-Ceanothus leucodermis-Arctostaphylos glandulosa] (Gordon & White 
1994) 

 
   37.404.00 Interior Live Oak - Scrub Oak Chaparral [Quercus wislizeni-Quercus berberidifolia] 
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  37.405.00 Leather Oak Chaparral [Quercus durata] {37620} 

    *37.405.01 Leather Oak - Eastwood Manzanita [Quercus durata-Arctostaphylos glandulosa] 
(Keeler-Wolf, et al. 2001) 

 
  37.406.00 Mixed Scrub Oak Chaparral 

    37.406.01 Scrub Oak - Bigberry Manzanita [Quercus berberidifolia-Arctostaphylos glauca] 
(Gordon & White 1994) 

    37.406.02 Scrub Oak - Deerbrush [Quercus berberidifolia-Ceanothus integerrimus] (Gordon 
& White 1994) 

    *37.406.03 Scrub Oak - Hairyleaf Ceanothus [Quercus berberidifolia-Ceanothus oliganthus] 
(Gordon & White 1994) 

    *37.406.04 Scrub Oak - Toyon [Quercus berberidifolia-Heteromeles arbutifolia] (Gordon & 
White 1994) 

    37.406.05 Scrub Oak - Wedgeleaf Ceanothus [Quercus berberidifolia-Ceanothus cuneatus] 
(Gordon & White 1994) 

    37.406.06 Scrub Oak - Woollyleaf Ceanothus [Quercus berberidifolia-Ceanothus 
tomentosus] (Gordon & White 1994) 

 
  37.407.00 Scrub Oak Chaparral [Quercus berberidifolia] {37900} 

    37.407.01 Scrub Oak / California Buckeye [Quercus berberidifolia/Aesculus californica] 
(Newton 1987) 

    37.407.02 Scrub Oak [Quercus berberidifolia] (Gordon & White 1994) 
    37.407.03 Scrub Oak - (Chamise - Eastwood Manzanita) [Quercus berberidifolia-

(Adenostoma fasciculatum-Arctostaphylos glandulosa)] (Gordon & White 1994) 
    37.407.04 Scrub Oak - (Toyon) [Quercus berberidifolia- (Heteromeles arbutifolia)] (Gordon 

& White 1994) 
    37.407.05 Scrub Oak - (Chaparral Whitethorn) [Quercus berberidifolia-(Ceanothus 

leucodermis)] (Gordon & White 1994) 
    37.407.06 Scrub Oak - (Birchleaf Mountain-mahogany) [Quercus berberidifolia-

(Cercocarpus betuloides)] (Gordon & White 1994) 
 

   37.408.00 Scrub Oak - Birchleaf Mountain-mahogany Chaparral [Quercus berberidifolia-
Cercocarpus betuloides] 

    37.408.01 Scrub Oak - Birchleaf Mountain-mahogany [Quercus berberidifolia-Cercocarpus 
betuloides] (Gordon & White 1994) 

    37.408.02 Scrub Oak - Birchleaf Mountain-mahogany - Cupleaf Ceanothus [Quercus 
berberidifolia-Cercocarpus betuloides-Ceanothus greggii] (Gordon & White 
1994) 

    *37.408.03 Foothill Ash - Birchleaf Mountain-mahogany - Scrub Oak [Fraxinus dipetala-
Cercocarpus betuloides-Quercus berberidifolia] (Gordon & White 1994) 

    *37.408.04 Scrub Oak - Birchleaf Mountain-mahogany - Palmer Ceanothus [Quercus 
berberidifolia-Cercocarpus betuloides-Ceanothus palmeri] (Gordon & White 
1994) 

 
  37.409.00 Scrub Oak - Chamise Chaparral [Quercus berberidifolia-Adenostoma fasciculatum] 

    37.409.01 Scrub Oak - Chamise - Hoaryleaf Ceanothus [Quercus berberidifolia-Adenostoma 
fasciculatum-Ceanothus crassifolius] (Gordon & White 1994) 

    37.409.02 Scrub Oak - Chamise - Cupleaf Ceanothus [Quercus berberidifolia-Adenostoma 
fasciculatum-Ceanothus greggii] (Gordon & White 1994) 

 
   37.410.00 Scrub Oak - Chaparral Whitethorn Chaparral [Quercus berberidifolia-Ceanothus 

leucodermis] 
    37.410.01 Scrub Oak - Chaparral Whitethorn [Quercus berberidifolia-Ceanothus 

leucodermis] (Gordon & White 1994) 
 
  37.411.00 Brewer Oak Chaparral [Quercus garryana var. breweri] {37541} 
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    *37.411.01 Oregon White Oak - Brewer Oak / California Fescue [Quercus garryana var. 
garryana-Quercus garryana var. breweri/Festuca californica] (Jimerson 1993) 

    *37.411.02 White Fir / Huckleberry Oak [Abies concolor/Quercus vaccinifolia] (Sawyer 
1981b) 

 
  *37.412.00 Sadler Oak Montane Scrub [Quercus sadleriana] 
 
  37.413.00 Canyon Live Oak Chaparral [Quercus chrysolepis] 
   37.413.01 Canyon Live Oak Shrub [Quercus chrysolepis] (Gordon & White 1994) 

    37.413.02 Canyon Live Oak - (Deerbrush - Chaparral Whitethorn) Shrub [Quercus 
chrysolepis-(Ceanothus integerrimus-Ceanothus leucodermis)] (Gordon & White 
1994) 

    *37.413.03 Canyon Live Oak - Silk Tassle Bush [Quercus chrysolepis-Garrya flavescens] 
(Keeler-Wolf and Thomas 2000) 

   37.413.04 Canyon Live Oak - Holly-leaf Redberry [Quercus chrysolepis-Rhamnus illicifolia] 
(Gordon & White 1994) 

     
 
  37.414.00 Huckleberry Oak Chaparral [Quercus vaccinifolia] {37542} 

    37.414.01 Huckleberry Oak [Quercus vaccinifolia] (Keeler-Wolf and Moore 2001) 
    37.414.02 Huckleberry Oak - Bush Chinquapin [Quercus vaccinifolia-Chrysolepis 

sempervirens] (Keeler-Wolf and Moore 2001) 
    37.414.03 Huckleberry Oak - Greenleaf Manzanita [Quercus vaccinifolia-Arctostaphylos 

patula] (Keeler-Wolf and Moore 2001) 
   
  37.415.00 Muller Oak [Quercus cornelius-mulleri] 

37.415.01 Muller Oak - Sugarbush [Quercus cornelius-mulleri-Rhus ovata] (Keeler-Wolf et 
al. 1998) 

37.415.02 Muller Oak - Brittlebush-Narrowleaf Goldenbush [Quercus cornelius-mulleri-
Eriogonum fasciculatum-Ericameria linearifolia] (Keeler-Wolf et al. 1998) 

37.415.03 Muller Oak - Mountain Mahogany [Quercus cornelius-mulleri-Cercocarpus 
betuloides] (Keeler-Wolf et al. 1998) 

 
  37.416.00 Island Scrub Oak Chaparral [Quercus pacifica]  (Landis, 1997) 
 
  37.417.00 Giant Chinquapin Scrub [Chrysolepis chrysophylla] (Keeler-Wolf, et al. 2001) 

37.417.01 Giant Chinquapin / Black Huckleberry  [Chrysolepis chrysophylla /Vaccinium 
ovatum] (Keeler-Wolf, et al. 2001) 

 
  37.418.00 Tucker Oak Scrub [Quercus john-tuckeri] (Borchert, 2000) 
 
 
 
 37.500.00  Chaparral with Red Shank [Adenostoma sparsifolium] as principal indicator 
 
  *37.501.00 Red Shank Chaparral [Adenostoma sparsifolium] 
   *37.501.01 Red Shank [Adenostoma sparsifolium] (Gordon & White 1994) 
 

   37.502.00 Red Shank - Birchleaf Mountain-mahogany Chaparral [Adenostoma sparsifolium-
Cercocarpus betuloides] 

     *37.502.01 Red Shank - Birchleaf Mountain-mahogany [Adenostoma sparsifolium-
Cercocarpus betuloides] (Gordon & White 1994) 

 
   *37.503.00 Red Shank - Chamise Chaparral [Adenostoma sparsifolium-Adenostoma fasciculatum] 
    *37.503.01 Red Shank - Chamise - Birchleaf Mountain-mahogany [Adenostoma sparsifolium-

Adenostoma fasciculatum-Cercocarpus betuloides] (Gordon & White 1994) 
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    *37.503.02 Red Shank - Chamise - Cupleaf Ceanothus [Adenostoma sparsifolium-
Adenostoma fasciculatum-Ceanothus greggii] (Gordon & White 1994) 

    *37.503.03 Red Shank - Chamise - Pointleaf Manzanita [Adenostoma sparsifolium-
Adenostoma fasciculatum-Arctostaphylos pungens] (Gordon & White 1994) 

 
  *37.504.00 Red Shank Chaparral {37300}  
 

   37.600.00 Birchleaf Mountain-mahogany - California buckwheat Chaparral [Cercocarpus betuloides-
Eriogonum fasciculatum] 

    37.600.01 Birchleaf Mountain-mahogany - California Buckwheat [Cercocarpus betuloides-
Eriogonum fasciculatum] (Gordon & White 1994) 

 
   37.610.00 Birchleaf Mountain-mahogany Woodland [Cercocarpus betuloides var. betuloides] 

(Keeler-Wolf and Moore 2001) 
    37.610.01 Birchleaf Mountain-mahogany [Cercocarpus betuloides var. betuloides] (Keeler-

Wolf and Moore 2001) 
     
  37.700.00 Bush Chinquapin Montane Chaparral [Chrysolepis sempervirens] {37540} 
   37.700.01 Bush Chinquapin [Chrysolepis sempervirens] (Keeler-Wolf and Moore 2001) 
 
  37.800.00 Sumac Scrub [Rhus sp., Malosma laurina] 
 
  *37.801.00 Sugarbush Scrub [Rhus ovata] (Keeler-Wolf et al. 1998) 
 
  *37.802.00 Skunkbush [Rhus trilobata] (Keeler-Wolf et al., 1998) 
 
  37.900.00 Bitter Cherry Scrub [Prunus emarginata] (Keeler-Wolf and Moore 2001) 
   37.900.01 Bitter Cherry [Prunus emarginata] (Keeler-Wolf and Moore 2001) 
 
  37.910.00 Holly-leaf Cherry [Prunus illicifolia] (Borchert, et al. 2000) 

37.910.01 Holly-leaf Cherry - Sanicle [Prunus illicifolia-Sanicula crassicaulis] (Keeler-
Wolf, et al. 2001) 

   
  37.915.00 Toyon – Hollyleaf Cherry Scrub [Heteromeles arbutifolia-Prunus ilicifolia] (Borchert, et 

al. 2000) 
 
  37.920.00 Coffeeberry Scrub [Rhamnus californica] (Keeler-Wolf, et al. 2001) 

    37.920.01 Coffeeberry - Coyote Brush / California Figwort [Rhamnus californica-Baccharis 
pilularis/Scrophularia californica] (Keeler-Wolf, et al. 2001) 

 
  37.930.00 California Wax Myrtle Scrub [Myrica californica] (Keeler-Wolf, et al. 2001) 
   37.930.01 California Wax Myrtle [Myrica californica] (Keeler-Wolf, et al. 2001) 
 
  37.940.00 Poison Oak Scrub [Toxicodendron diversalobum] (Keeler-Wolf, et al. 2001) 

    37.940.01 Poison Oak - Coyote Brush - Thimbleberry [Toxicodendron diversilobum-
Baccharis pilularis-Rubus parviflorus] (Keeler-Wolf, et al. 2001) 

 
  37.950.00 Hazel Scrub [Corylus cornuta] (Keeler-Wolf, et al. 2001) 

    37.950.01 Hazel / Western Sword Fern [Corylus cornuta/Polystichum munitum] (Keeler-
Wolf, et al. 2001) 

       
 38.000.00 Subalpine Upland Shrub 
 
  38.100.00 Sierra Subalpine Upland Shrub 
   38.100.01 Shrub Cinquefoil Dwarf Scrub [Potentilla fruticosa] (Burke 1982) 

    38.100.02 Compact Phlox - Stemless Haplopappus - Alpine Ipomopsis dwarf scrub [Phlox 
pulvinata-Stenotus acaulis-Ipomopsis congesta] (Major & Taylor 1977) 
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    38.100.03 Granite-gilia / King Ricegrass Dwarf Scrub [Leptodactylon pungens/Ptilagrostis 
kingii] (Major & Taylor 1977) 

    38.100.04 entry moved to 38.120.02 
    38.100.05 Podistera - Pygmy Fleabane [Podistera-Eriogonum pygmaeus] (Major & Taylor 

1977) 
    38.100.06 Wax Currant / Purple Reedgrass [Ribes cereum/Calamagrostis purpurascens] 

(Major & Taylor 1977) 
    *38.100.07 Red Elderberry - Congdon Sedge [Sambucus racemosa-Carex congdonii] (Taylor 

1984) 
    38.100.08 entry moved to 41.211.01 
    38.100.09 entry moved to 38.100.01 

 
  *38.110.00 Shrubby Cinquefoil [Potentilla fruticosa] (Keeler-Wolf and Moore 2001) 

    38.110.01 Shrub Cinquefoil - One-seeded Oatgrass [Potentilla fruticosa-Danthonia 
unispicata] (Taylor 1984) 

    38.110.02 Shrub Cinquefoil - One-seeded Oatgrass [Potentilla fruticosa-Danthonia 
intermedia] (Keeler-Wolf and Moore 2001) 

 
   38.120.00 Alpine Goldenbush - Nuttall Sandwort [Ericameria discoidea-Minuartia nuttallii] (Keeler-

Wolf and Moore 2001) 
    38.120.01 Nuttal Sandwort [Minuartia nuttallii] (Taylor 1984) 
    38.120.02 Granite-gilia / Alpine Goldenbush [Leptodactylon pungens/Ericameria discoidea]  

(Major & Taylor 1977) 
    38.120.03 Alpine Goldenbush - Timberline Phacelia [Ericameria discoidea-Phacelia 

frigida] (Taylor 1984)  
 
 39.000.00 Holodiscus Scrub and Dwarf Scrub with Holodiscus spp. 
 
  39.100.00 Holodiscus Scrub and Dwarf Scrub 

    39.100.01 Ocean Spray / Suksdorf Monkeyflower [Holodiscus discolor var. 
microphyllus/Mimulus suksdorfii] (Burke 1982) 

    39.100.02 Western Needlegrass - Nude Buckwheat [Stipa occidentalis-Eriogonum nudum] 
(Burke 1982) 

    39.100.03 Ocean Spray / Greenleaf Manzanita [Holodiscus discolor/Arctostaphylos patula] 
(Sawyer & Thornburgh 1997) 

    39.100.04 Ocean Spray / Wedgeleaf Keckiella [Holodiscus discolor/Keckiella corymbosa] 
(Taylor & Teare 1979a) 

    39.100.05 Ocean Spray / Sierra Stonecrop - Parsley Fern [Holodiscus discolor/Sedum 
obtusatum-Cryptogramma acrostichoides] (Keeler-Wolf and Moore 2001) 

 
40.000.00 GRASS & HERB DOMINATED COMMUNITIES 
 
 41.000.00 Native Grassland  
 
   *41.010.00 Alkali Sacaton Bunchgrass Grassland [Sporobolus airoides] {42120} 

   *41.010.01 Alkali Sacaton Grassland [Sporobolus airoides] (Keeler-Wolf and 
Thomas 2000) 

    
   *41.020.00 Ashy Ryegrass Bunchgrass Grassland [Leymus cinereus] 
 
   *41.030.00 Big Galleta Bunchgrass Grassland [Pleuraphis rigida] 
    *41.030.01 Big Galleta [Pleuraphis rigida] (Keeler-Wolf and Thomas 2000) 
    *41.030.02 Big Galleta - Rayless Goldenhead [Pleuraphis rigida-Acamptopappus 

sphaerocephalus] (Keeler-Wolf and Thomas 2000) 
    *41.030.03 Big Galleta - Cooper’s Goldenbush [Pleuraphis rigida-Ericameria 

cooperi] (Keeler-Wolf and Thomas 2000) 
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    *41.030.04 Big Galleta - Downy Dalea [Pleuraphis rigida-Dalea molissima] 
(Keeler-Wolf and Thomas 2000) 

   
   *41.040.00 Bluebunch Wheatgrass Bunchgrass Grassland [Pseudoroegneria spicata spp. 

spicata] 
 
   *41.050.00 California Oatgrass Bunchgrass Grassland [Danthonia californica] 
    *41.050.01 California Oatgrass - Tall-oatgrass [Danthonia californica-

Arrhenatherum elatius] (Grenier 1989) 
     *41.050.02 Squirreltail - California Oatgrass [Elymus elymoides-Danthonia 

californica] (Stuart et al. 1992) 
    *41.050.03 California Oatgrass - Pull-up Muhly [Danthonia californica-

Muhlenbergia filiformis] (Helms & Ratliff 1987) 
    41.050.04 California Oatgrass - Silver European Hairgrass [Danthonia californica-

Aira caryophyllea] (Keeler-Wolf, et al. 2001) 
 
   *41.051.00 Intermediate Oatgrass Grassland [Danthonia intermedia] (Keeler-Wolf and Moore 

2001) 
 
   41.060.00 Grasslands with Common Reed [Phragmites australis] 
 
   41.061.00 Alkali Common Reed [Phragmites australis] 
 
   *41.070.00 Cordgrass Saline/Alkaline Grassland [Spartina spp.] 
    *41.070.01 California Cordgrass [Spartina foliosa] (Atwater et al. 1979) 
    *41.070.02 Dense-flowered Cordgrass [Spartina densiflora] (Eicher 1987) 
    *41.070.03 Alkali Cordgrass - Alkali Sacaton [Spartina gracilis-Sporobolus 

airoides] (Oidon et al. 1992) 
 
   *41.080.00 Creeping Ryegrass Grassland [Leymus triticoides] {42140} 
 
   *41.090.00 Desert Needlegrass Grassland [Achnatherum speciosum] 
 
   *41.110.00 Foothill Needlegrass [Nassella lepida] 
 
   *41.120.00 Indian Ricegrass [Achnatherum hymenoides] 
 
   *41.130.00 Needle-and-thread [Hesperostipa comata] 
 
   *41.140.00 Nodding Needlegrass [Nassella cernua] 
 
   *41.150.00 Purple Needlegrass [Nassella pulchra] 
    *41.150.01 Italian Ryegrass - Purple Needlegrass [Lolium mutiflorum-Nassella 

pulchra] (Fiedler & Leidy 1987) 
    *41.150.02 Wild Oats - Purple Needlegrass [Avena fatua-Nassella pulchra] (Parker 

1990) 
    *41.150.03 Purple Needlegrass / Purple Sanicle [Nassella pulchra/Sanicula 

bipinnatafida] (Stuart et al. 1993) 
 
   *41.160.00 Lemmon's Needlegrass [Achnatherum lemmonii] 
 
   *41.170.00 Valley Needlegrass Grassland [Achnatherum spp.] {42110} 
 
   *41.180.00 One-sided Bluegrass [Poa secunda] {42150} 
 
   *41.181.00 One-sided Bluegrass Pebble Plains  
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   *41.190.00 Pacific Reedgrass [Calamagrostis nutkaensis] 
    *41.190.01 Pacific Reedgrass - Coyote Brush [Calamagrostis nutkaensis-Baccharis 

pilularis] (Keeler-Wolf, et al. 2001) 
    *41.190.02 Pacific Reedgrass - Slough Sedge - Rush [Calamagrostis nutkaensis-

Carex obnupta. - Juncus spp.] (Keeler-Wolf, et al. 2001) 
           
   41.200.00 Saltgrass [Distichlis spicata] 
    *41.200.01 Saltgrass - Iodine Bush [Distichlis spicata-Allenrolfea occidentalis] 

(Bradley 1970) 
     *41.200.02 Saltgrass - Cooper Rush [Distichlis spicata-Juncus cooperi] (Bradley 

1970) 
     *41.200.03 Greasewood - Saltgrass [Sarcobatus vermiculatus-Distichlis spicata] 

(Ferren & Davis 1991) 
     *41.200.04 Saltgrass - Alkali Rabbitbrush [Distichlis spicata-Chrysothamnus 

albidus] (Odion et al. 1992) 
    41.200.05 Baltic Rush - Saltgrass [Juncus balticus-Distichlis spicata] (Odion et al. 

1992) 
    *41.200.06 Jaumea - Saltgrass [Jaumea carnosa-Distichlis spicata] (Peinado et al. 

1994)     
    *41.200.07 Saltgrass - Alkali Heath - Jaumea [Distichlis spicata-Frankenia salina- 

Jaumea carnosa] (Keeler-Wolf, et al. 2001) 
     *41.200.08 Alkali Saltgrass 
         
   41.210.00 Shorthair Reedgrass [Calamagrostis breweri] 
    41.210.01 Shorthair Reedgrass - Alpine Aster [Calamagrostis breweri-Aster 

alpigenus] (Benedict 1983) 
    41.210.02 Shorthair Reedgrass - Spike Trisetum [Calamagrostis breweri-Trisetum 

spicatum] (Benedict 1983) 
    41.210.03 Shorthair Reedgrass - Bilberry [Calamagrostis breweri-Vaccinium 

caespitosum] (Major & Taylor 1977) 
    41.210.04 Drummond Rush -  Shorthair Reedgrass [Juncus drummondii-

Calamagrostis breweri] (Taylor 1984) 
    41.210.05 Shorthair Reedgrass - Mountain Laurel [Calamagrostis breweri-Kalmia 

polifolia] (Taylor 1984)  
    
   41.211.00 Purple Reedgrass [Calamagrostis purpurascens] (Keeler-Wolf and Moore 2001) 
    41.211.01 Purple reedgrass - Granite-gilia [Calamagrostis purpurascens-

Leptodactylon pungens]  (Taylor 1984) 
    41.211.02 Purple reedgrass- Parry rabbitbrush- Granite-gilia [Calamagrostis 

purpurascens-Chrysothamnus parryi ssp. Monocephalus-Leptodactylon 
pungens]  (Taylor 1984) 

 
   41.220.00 Tufted Hairgrass [Deschampsia caespitosa] 
    41.220.01 Tufted hairgrass - Nebraska Sedge [Deschampsia caespitosa-Carex 

nebrascensis] (Allen-Diaz 1991) 
    *41.220.02 Tufted Hairgrass - Brewer Bitter-cress [Deschampsia caespitosa-

Cardamine breweri] (Benedict 1983) 
    41.220.03 Tufted Hairfrass - Sierra Ragwort [Deschampsia caespitosa-Senecio 

scorzonella] (Benedict 1983) 
    41.220.04 Tufted Hairgrass - Sierra Ragwort - Yarrow [Deschampsia caespitosa-

Senecio scorzonella-Achillea millefolium] (Benedict 1983) 
    *41.220.05 Vernal Grass - Tufted Hairgrass [Anthoxanthum odoratum-Deschampsia 

caespitosa] (Heady et al. 1977) 
    41.220.06 Mt. Dana Sedge - Tufted Hairgrass [Carex subnigricans-Deschampisia 

caespitosa] (Major & Taylor 1977) 
    41.220.07 Tufted Hairgrass - Northern Goldenrod [Deschampsia caespitosa-

Solidago multiradiata] (Taylor 1984) 
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    *41.220.08 Tufted Hairgrass [Deschampsia caespitosa] (Keeler-Wolf and Moore 
2001) 

    41.220.09 Tufted Hairgrass - California Oatgrass [Deschampsia caespitosa-
Danthonia californica] (Keeler-Wolf, et al. 2001) 

    *41.220.10 Tufted Hairgrass - Longstalk Clover [Deschampsia caespitosa-Trifolium 
longipes] (Ratliff 1982, 1985)  

     
   41.222.00 Tall Mannagrass [Glyceria  elata]  (Keeler-Wolf and Moore 2001) 
    41.222.01 Tall Mannagrass [Glyceria elata] (Keeler-Wolf and Moore 2001) 

     41.222.02 Tall Mannagrass - Small-fruited Bulrush [Glyceria elata-Scirpus 
microphyllus] (Halpern 1986) 

     41.222.03 Tall Mannagrass - Stream Deervetch [Glyceria elata-Lotus longifolius] 
(Halpern 1986) 

               
    41.224.00 Canadian Reedgrass [Calamagrostis canadensis] (Keeler-Wolf and Moore 2001) 
     41.224.01 Canadian Reedgrass [Calamagrostis canadensis] (Keeler-Wolf and 

Moore 2001) 
 
   41.224.00 Sierra Ricegrass [Ptilogrostis kingii] (Keeler-Wolf and Moore 2001) 
    41.224.01 Sierra Ricegrass [Ptilogrostis kingii] (Keeler-Wolf and Moore 2001) 
 
   41.230.00 Squirreltail [Elymus elymoides] 
 
   41.240.00 Green Fescue [Festuca viridula] 
 
   *41.250.00 Idaho Fescue [Festuca idahoensis] 
 
   *41.255.00 Red Fescue [Festuca rubra] (Keeler-Wolf, et al. 2001) 
 
   *41.260.00 Native Dunegrass [Leymus mollis] {21210} 
    *41.260.01 Native dunegrass - Hottentot-fig [Leymus mollis-Carpobrotus edulis] 

(Bluestone 1981) 
    *41.260.02 Native Dunegrass - European Beachgrass [Leymus mollis-Ammophila 

arenaria] (LaBanca 1993) 
    *41.260.03 Native Dunegrass - Sea Rocket [Leymus mollis-Cakile sp.] (Parker 1974) 
 
   *41.270.00 Coastal Terrace Prairie{41100} 
 
   *41.280.00 Serpentine Bunchgrass {42130}   
 
   *41.290.00 Wildflower Field {42300} 
 
   *41.300.00 Great Basin Grassland {43000}  
     
   41.340.00 MOVED TO 42.051.00  
 
   *41.600.00 Eureka Valley Dunegrass [Swallenia alexandrae] (Keeler-Wolf and Thomas 

2000) Unique stands 
 
   *41.610.00 Little Galleta Grassland [Pleuraphis jamesii] (Keeler-Wolf and Thomas 2000) 
    *41.610.01 Little Galleta - California Buckwheat [Pleuraphis jamesii-Eriogonum 

fasciculatum] (Keeler-Wolf and Thomas 2000) 
    *41.610.02 Little Galleta - Anderson’s Wolfberry [Pleuraphis jamesii-Lycium 

andersonii] (Keeler-Wolf and Thomas 2000) 
    *41.610.03 Little Galleta - Nevada Ephedra [Pleuraphis jamesii-Ephedra 

nevadensis] (Keeler-Wolf and Thomas 2000) 
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   *41.640.00 Blue Wildrye Grassland [Elymus glaucus] (Keeler-Wolf and Moore 2001) 
    *41.640.01 Blue Wildrye [Elymus glaucus] (Keeler-Wolf and Moore 2001) 
    *41.640.02 Blue Wildrye - Woolly Sedge [Elymus glaucus-Carex lanuginosa] 

(Keeler-Wolf and Moore 2001) 
    *41.640.03 Blue Wildrye - Feta Sedge [Elymus glaucus-Carex feta] (Keeler-Wolf 

and Moore 2001) 
    *41.640.04 Blue Wildrye - Cow-parsnip [Elymus glaucus-Heracleum lanatum] 

(Halpern 1986)       
         

 42.000.00 Non-native Grassland 
 
   42.010.00 European Beachgrass [Ammophila arenaria] 
    42.010.01 European Beachgrass - Australian Fireweed [Ammophila arenaria-

Erechtites minima] (Parker 1974) 
    42.010.02 Beachgrass [Ammophila sp.] (Duebendorfer 1989) 
    42.010.03 European Beachgrass - sandmat  [Ammophila arenaria-Cardionema 

ramosissimum] (Keeler-Wolf, et al. 2001) 
 
   42.020.00 Cheatgrass [Bromus tectorum] 
    42.020.01 Cheatgrass [Bromus tectorum]  (Stuart et al. 1993) 
    42.020.02 Cheatgrass - Ripgut [Bromus tectorum-Bromus diandrus] (White 1994a) 
 

42.025.00 Red Brome [Bromus madritensis ssp. rubens] 
 
   42.026.00 Annual Brome [Bromus (diandrus, hordeaceus)] (Keeler-Wolf and Moore 2001) 
    42.026.01 Ripgut Brome - Soft Chess - Annual Clover - Wild Carrot [Bromus 

diandrus-Bromus hordeaceus-Trifolium spp.-Daucus spp.] (Keeler-Wolf 
and Moore 2001) 

  42.026.02 Soft Chess - Rattail Fescue [Bromus hordeaceus-Vulpia hirsuta] 
(Kopecko & Lathrop 1975) 

 42.026.03 Slender Oat - Soft Brome [Avena barbata-Bromus hordeaceus](Kopecko 
& Lathrop 1975) 

    42.026.04 Soft Chess – Silver hairgrass – Fileree [Bromus hordaceus – Aira 
carryophyllea – Erodium spp.] (Jimerson et al. 2001) 

    42.026.05 Soft Chess – Meadowfoam – Clover [Bromus hordaceus – Limnanthes 
douglasii – Trifolium sp.] (Jimerson et al. 2001) 

    42.026.06 Soft Chess - Silver hairgrass – Blue Dicks [Bromus hordaceus – Aira 
carryophyllea-Dichelostemma capitatum ssp. capatatum] (Jimerson et al. 
2001) 

    42.026.07 Soft Chess – Medusahead – Fileree [Bromus hordaceus- Taeniantherum 
caput-medusae-Erodium botrys] (Jimerson et al 2001) 

    42.026.08 Soft Chess – Cheatgrass [Bromus hordaceus-Bromus tectorum] 
(Jimerson et al. 2001) 

    42.026.09 Soft Chess – Fileree [Bromus hordaceus-Erodium botrys] (Jimerson et al 
2001) 

    42.026.10 Soft Chess – Blue Dicks – Gumplant [Bromus hordaceus – 
Dichelostemma multiflorum – Grindelia camporum] (Jimerson et al. 
2001) 

   42.030.00 Crested Wheatgrass [ Agropyron desertorum] 
 
   42.040.00 California Annual Grassland {42200} 

42.040.01 European Hairgrass [Aira caryophyllea] (Schlising & Sanders 1982) 
 

    42.040.02 Soft Brome - Storkbill [Bromus hordeaceus-Erodium botrys] (Schlising 
& Sanders 1982) 
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42.040.03 Brachypodium [Brachypodium distachyon] (Keeler-Wolf, et al. 
2001)  

   42.041.00 Dogtail Grass [Cynosurus cristatus] (Jimerson et al. 2001) 
    42.041.01 Dogtail – Hareleaf//rocky [Cynosurus cristatus-Lagophylla 

glandulosa//rocky] (Jimerson 1993, Jimerson et al. 2001) 
    42.041.02 Dogtail - Soft Chess - Dandelion [Cynosurus cristatus-Bromus 

hordeaceus-Taraxacum officinale] (Jimerson 1993, Jimerson et al 2001) 
    42.041.03 Dogtail - Soft Chess – Cheatgrass [Cynosurus cristatus-Bromus 

hordeaceus-Bromus tectorum] (Jimerson et al. 2001) 
    42.041.04 Dogtail - Soft Chess – Medusahead [Cynosurus cristatus-Bromus 

hordeaceus-Taeniantherum caput-medusae] (Jimerson et al. 2001) 
    42.041.05 Dogtail - Soft Chess – Wild oat [Cynosurus cristatus-Bromus 

hordeaceus-Avena fatua] (Jimerson et al. 2001) 
    42.041.06 Dogtail – Tarplant [Cynosurus cristatus-Hemizonia congesta-Madia 

spp.] (Jimerson et al 2001) 
   42.050.00 Introduced Perennial Grassland 
    42.050.01 Hairy Oatgrass - Vernal Grass [Danthonia pilosa-Anthoxanthum 

odoratum] (Hektner & Foin 1977) 
    42.050.02 Foothill Sedge - Tall-oatgrass [Carex tumulicola-Arrhenatherum elatius] 

(Grenier 1989) 
    42.050.03 Vernal Grass - Tufted Hairgrass [Anthoxanthum odoratum-Deschampsia 

caespitosa] (Heady et al. 1977b) 
    42.050.04 moved to 42.041.01 
    42.050.05 moved to 42.041.02 
    42.050.06 Tall-oatgrass - Dogtail – Blue dicks [Arrhenatherum elatius- Cynosurus 

cristatus- Dichelostemma capitatum ssp. capitatum ] (Jimerson 1993, re-
named; Jimerson et al. 2001) 

    42.050.07 Creeping Bent - Tall-oatgrass [Agrostis stolonifera-Arrhenatherum 
elatius] (Saenz & Sawyer 1986) 

   42.051.00 Harding Grass [Phalaris aquatica] (Keeler-Wolf and Vaghti 2000, Jimerson et al 
2001) 

    42.051.01 Harding Grass – Soft Chess – Yellow star thistle [Phaleris aquatica – 
Bromus hordaceus – Centaurea solstitialis] (Jimerson et al. 2001) 

   42.060.00 Kentucky Bluegrass [Poa pratensis] 
    42.060.01 Kentucky Bluegrass - Sedge [Poa pratensis-Carex spp.] (Allen-Diaz 

1991) 
    42.060.02 Kentucky Bluegrass - Silver Cinquefoil [Poa pratensis-Potentilla 

gracilis] (Allen-Diaz 1991) 
    42.060.03 Narrow Sedge - Kentucky Bluegrass [Carex angustata-Poa pratensis] 

(Allen-Diaz 1991) 
    42.060.04 Kentucky Bluegrass - Spreading Rush - Hairy Woodrush [Poa pratensis-

Juncus patens-Luzula comosa] Stuart et al. 1993) 
    42.060.05 Kentucky Bluegrass [Poa pratensis] (Keeler-Wolf and Moore 2001) 
 
   42.070.00 Pampas Grass [Cortaderia spp.] (Keeler-Wolf & Vaghti, 2000) 
 
   42.080.00 Giant Reed [Arundo donax] 
 
   42.090.00 Schismus spp. 

42.090.01 Schismus Playa assocation (Keeler-Wolf et al., 1998) 
 
   42.100.00 Tall Wheatgrass [Elytrigia pontica] (Keeler-Wolf, Vaghti 2000) 
   41.310.00 Knotweed-Echinochloa Riparian Grassland [Polygonum spp. - Echinochloa spp.] 

(Keeler-Wolf, Vaghti 2000) 
    41.310.01 Echinocloa-Polygonum-Xanthium Riparian Grassland [Echinochloa spp. 

- Polygonum spp.- Xanthium spp.] (Keeler-Wolf, Vaghti 2000) 
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   41.320.00 Rough Bentgrass Riparian Grassland [Agrostis scabra] (Keeler-Wolf, Vaghti 
2000) 

   41.321.00  Italian Ryegrass [Lolium multiflorum] (Keeler-Wolf and Vaghti 2000) 
  
 44.000.00 Vernal Pools 
 
   44.100.00 Northern Vernal Pools 
 
   *44.110.00 Northern Hardpan Vernal Pools {44110} 
    *44.110.01 Fremont Goldfields [Lasthenia fremontii] (Schlising & Sanders 1982) 
 
   44.120.00 Northern Claypan Vernal Pools {44120} 
    *44.120.01 Coyote-thistle - Alkali Heath Pools [Eryngium castrense-Frankenia 

salina] (Taylor et al. 1990) 
    *44.120.02 Fremont Goldfields - Saltgrass Pools [Lasthenia fremontii-Distichlis 

spicata] (Taylor et al. 1990) 
 
   44.130.00 Northern Volcanic Vernal Pools 
 
   44.131.00 Northern Basalt Flow Vernal Pools {44131} 
 
   *44.132.00 Northern Volcanic Mudflow Vernal Pools {44132} 
    *44.132.01 California Goldfields - Two-crowned Downingia Pools [Lasthenia 

californica-Downingia bicornuta] (Taylor et al. 1990) 
    *44.132.02 Whiteflower Navarretia - Dwarf Blennosperma Pools [Navarretia 

leucocephala-Blennosperma nana] (Taylor et al. 1990) 
 
   *44.133.00 Northern Volcanic Ashflow Vernal Pools {44133} 
 
   44.300.00 Southern Vernal Pools {44300} 
 
   *44.310.00 Santa Rosa Plateau Vernal Pools {44310} 
    *44.310.01 Dry Marsh Bed Zone  (Kepecko & Lathrop 1975) 
 
   *44.320.00 San Diego Mesa Vernal Pools {44321} 
 
   *44.330.00 San Jacinto Valley Vernal Pools  
 
 45.000.00 Meadows and Seeps not dominated by grasses 
 
   45.100.00 California Annual Herb-land (Keeler-Wolf and Moore 2001) 
    45.100.01 Deervetch - Annual Clover - Lessengia [Lotus spp.- Trifolium spp.- 

Lessengia spp.] (Keeler-Wolf and Moore 2001) 
 
   45.110.00 Sedge [Carex spp.] 
    45.110.01 Longbeak Sedge - Shortbeak Sedge [Carex rostrata-Carex simulata] 

(Burke 1987) 
    45.110.02 Shortbeak Sedge - Inflated Sedge [Carex simulata-Carex vesicaria] 

(Burke 1987) 
    *45.110.03 Primrose Monkeyflower - Shore Sedge [Mimulus primuloides-Carex 

limosa] (Beguin & Major 1975) 
    *45.110.04 Skyline Bluegrass - Beaked Sedge [Poa cusickii-Carex utriculata] 

(Beguin & Major 1975) 
    45.110.05 Many-nerved Sedge - Yarrow [Carex heteroneura-Achillea lanulosa] 

(Benedict 1983) 
    45.110.06 Slough Sedge - Salt Rush [Carex obnupta-Juncus lesueurii] 

(Duebendorfer 1989) 
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    *45.110.07 Serrate Sedge - Leafly Sedge [Carex subfusca-Carex ampilifolia] 
(Fiedler & Leidy 1987) 

    45.110.08 Alpine Pussytoes - Vernacular Sedge [Antennaria alpina-Carex 
vernacula] (Major & Taylor 1977) 

    *45.110.09 entry moved to 45.150.02 
    45.110.10 entry moved to 45.145.01 
    *45.110.11 Mount Dana Sedge - Little Elephant's Head [Carex subnigricans-

Pedicularis attollens] (Major & Taylor 1977) 
    45.110.12 entry moved to 45.164.01 
    45.110.13 Diego Bentgrass - Ribbed Sedge [Agrostis diegoensis-Carex 

multicostata] (Stillman 1980) 
    45.110.14 entry moved to 45.164.02 
    45.110.15 entry moved to 45.150.01 
    45.110.16 entry moved to 45.145.02 
    45.110.17 Luzulaleaf Sedge - Water-plantain Buttercup [Carex luzulifolia-

Ranunculus alismifolius] (Taylor 1984) 
    45.110.18 Mount Dana Sedge - Alpine Shootingstar [Carex subnigricans-

Dodecatheon alpinum] (Taylor 1984) 
    45.110.19 Mount Dana Sedge - Alpine  Pussytoes [Carex subnigricans-Antennaria 

alpina] (Taylor 1984) 
    45.110.20 entry moved to 45.155.01 
    *45.110.21 entry moved to 45.160.01 
    45.110.22 Vernacular Sedge - Alpine Pussytoes [Carex vernacula-Antennaria 

alpina] (Taylor 1984) 
    45.110.23 Western Yellow Cress - Dewey Sedge [Rorippa curvisiliqua-Carex 

deweyana] (Taylor 1984) 
    45.110.24 White-tipped Sedge - Junegrass [Carex albonigra-Koeleria cristata] 

(Taylor 1984) 
    45.110.25  Slough Sedge - Spreading Rush Tidal [Carex obnupta-Juncus patens] 

(Keeler-Wolf, et al. 2001) 
 
   45.120.00 Rocky Mountain Sedge [Carex scopulorum] 
    45.120.01 Rocky Mountain Sedge [Carex scopulorum] (Major & Taylor 1977) 
    45.120.02 Rocky Mountain Sedge - Elephant's Head [Carex scopulorum-

Pedicularis groenlandica] (Taylor 1984) 
    *45.120.03 Rocky Mountain Sedge - Cotton-grass [Carex scopulorum-Eriophorum 

criniger] (Taylor 1984) 
    45.120.04 Rocky Mountain Sedge - Few-flowered Spikerush [Carex scopulorum-

Eleocharis pauciflora] (Keeler-Wolf and Moore 2001) 
 
   45.130.00 Nebraska Sedge [Carex nebrascensis] 
    45.130.01 Nebraska Sedge [Carex nebrascensis]  (Beguin & Major 1975) 
    45.130.02 Nebraska Sedge - Sierra Ricegrass [Carex nebrascensis-Ptilagrostis 

kingii] (Halpern 1986) 
 
   45.140.00 Shorthair Sedge [Carex filifolia] 
    45.140.01 Shorthair Sedge - Spike Trisetum [Carex filifolia-Trisetum spicatum] 

(Benedict 1983) 
    45.140.02 Shorthair Sedge - Sierra Ricegrass [Carex filifolia-Ptilagrostis kingii] 

(Benedict 1983) 
    45.140.03 Pussypaws - Shorthair Sedge [Calyptridium umbellatum-Carex filifolia] 

(Burke 1982) 
    45.140.04 Nude Buckwheat - Shorthair Sedge [Eriogonum nudum-Carex filifolia] 

(Burke 1982) 
    45.140.05 Talus fleabane - Shorthair Sedge [Erigeron algidus-Carex filifolia] 

(Burke 1982) 
    45.140.06 Shorthair Sedge [Carex filifolia] (Major & Taylor 1977) 
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    45.140.07 Shorthair Sedge - Saxifrage [Carex filifolia-Saxifraga aprica] (Taylor 
1984) 

    45.140.08 Shorthair Sedge - Heretic Penstemon [Carex filifolia-Penstemon 
heterodoxus] (Keeler-Wolf and Moore 2001) 

 
   45.145.00 Heller Sedge [Carex helleri] (Keeler-Wolf and Moore 2001) 
    45.145.01 Heller Sedge - Parry Rush [Carex helleri-Juncus parryi] (Major & 

Taylor 1977) 
    45.145.02 Heller Sedge - Club-moss Ivesia [Carex helleri-Ivesia lycopodioides] 

(Taylor 1984)    
 
   45.150.00 Brewer Sedge [Carex breweri] (Keeler-Wolf and Moore 2001) 
    45.150.01 Brewer Sedge [Carex breweri] (Taylor 1984) 
    *45.150.02 Brewer Sedge - Wheeler Bluegrass [Carex breweri-Poa wheeleri] (Major 

& Taylor 1977) 
 
   45.155.00 Showy Sedge [Carex spectabilis] (Keeler-Wolf and Moore 2001) 
    45.155.01 Showy Sedge - Sibbaldia [Carex spectabilis-Sibbaldia procumbens] 

(Taylor 1984) 
 
   45.160.00 Congdon Sedge - Streambank Arnica [Carex congdonii-Arnica amplexicaulis] 

(Keeler-Wolf and Moore 2001) 
    *45.160.01 Streambank Arnica - Congdon Sedge [Arnica amplexicaulis-Carex 

congdonii] (Taylor 1984) 
 
   45.162.00 Jones’ Sedge [Carex jonesii] (Keeler-Wolf and Moore 2001) 
   
   45.164.00 Blackish Sedge [Carex nigricans] (Keeler-Wolf and Moore 2001) 
    45.164.01 Bilberry - Blackish Sedge [Vaccinium caespitosum-Carex nigricans] 

(Major & Taylor 1977) 
    45.164.02 Blackish Sedge - Mountain-laurel [Carex nigricans-Kalmia polifolia] 

(Taylor  1984) 
 
   45.166.00 Woolly Sedge [Carex lanuginosa] (Keeler-Wolf and Moore 2001) 
    
   45.168.00 Water Sedge [Carex aquatilis] (Keeler-Wolf and Moore 2001) 
 
   45.170.00 Inflated Sedge [Carex vesicaria] (Keeler-Wolf and Moore 2001) 
    45.170.01 Inflated Sedge [Carex vesicaria] (Keeler-Wolf and Moore 2001) 
              
   
   45.200.00 Spikerushes [Eleocharis spp.] 
 
   45.210.00 Spikerush [Eleocharis spp.] 
    45.210.01 Nevada Rush - Spikerush [Juncus nevadensis-Eleocharis spp.] (Beguin 

& Major 1975) 
    45.210.02 Few-flowered Spikerush [Eleocharis pauciflora] (Benedict 1983) 
    *45.210.03 Few-flowered Spikerush - Primrose Monkeyflower [Eleocharis 

pauciflora- Mimulus primuloides] (Benedict 1983) 
    45.210.04 Mountain Spikerush - Cowbane [Eleocharis montevidensis-Oxypolis 

occidentalis] (Halpern 1986) 
    45.210.05 Mountain Spikerush - Moss [Eleocharis montevidensis-Moss] (Halpern 

1986) 
    *45.210.06 Pale Spikerush - Water-starwort [Eleocharis macrostachya-Callitriche 

hermaphroditica] (Kepecko & Lathrop 1975) 
    *45.210.07 Spikerush - Water Pygmy [Eleocharis spp.-Crassula aquatica] (Kepecko 

& Lathrop 1975) 
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    45.210.08 Littlebeak Spikerush - Common Three-square [Eleocharis rostellata-
Scirpus americanus] (Odion et al. 1992) 

    *45.210.09 Littlebeak Spikerush - Alkali Muhly [Eleocharis rostellata-
Muhlenbergia asperifolia] (Odion et al. 1992) 

 
   45.300.00 Meadow and Seep Habitats {45000} 
 
   45.310.00 Montane Meadow 
    45.310.01 entry moved to 41.640.04 
    45.310.02 Bluejoint Reedgrass - Small-fruited Bulrush [Calamagrostis canadensis-

Scirpus microphyllus] (Halpern 1986) 
    45.310.03 Rough Bentgrass [Agrostis scabra] (Halpern 1986) 
    45.310.04 entry moved to 41.222.02 
    45.310.05 entry moved to 41.222.03 
    45.310.06 Bracken Fern- Pale Hedge-nettle [Pteridium aquilinum-Stachys rigida] 

(Palmer 1979) 
    45.310.07 Gentian - Alpine Aster [Gentiana newberryi-Aster alpigenus] (Ratliff 

1982, 1985) 
    45.310.09 Carpet Clover [Trifolium monathum] (Ratliff 1982, 1985) 
    45.310.10 Angelica - Indian Paintbrush [Angelica tomentosa-Castilleja miniata] 

(Stillman 1980) 
    45.310.11 Diego Bentgrass - Ribbed Sedge [Agrostis diegoensis-Carex 

multicostata] (Stillman 1980) 
    45.310.12 Wet Montane Meadow {45110} 
    45.310.13 Dry Montane Meadow {45120} 
    
   45.312.00 Bigleaf Lupine alliance [Lupinus latifolius] (Keeler-Wolf and Moore 2001) 
    45.312.01 Bigleaf Lupine [Lupinus latifolius] (Keeler-Wolf and Moore 2001) 
 
   45.320.00 Subalpine Meadow 
    45.320.01 Skyline Bluegrass - Smooth-beaked Sedge [Poa cusickii spp.epilis-Carex 

integra] (Beguin & Major 1975) 
    45.320.02 Heretic Penstemon - Yarrow [Penstemon heterodoxus-Achillea lanulosa] 

(Benedict 1983) 
    45.320.03 Many-nerved Sedge - Yarrow [Carex multicostata-Achillea lanulosa] 

(Benedict 1983) 
    45.320.04 Tawny Buckwheat - Woolly Mountain-parsley [Eriogonum incanum-

Oreonana vestita] (Benedict 1983) 
    45.320.05 Davis Knotweed - Tawny Buckwheat [Polygonum davisiae-Eriogonum 

incanum] (Major & Taylor 1977) 
    45.320.06 Pussypaws - Heretic Penstemon [Calyptridium umbellatum-Penstemon 

heterodoxus] (Major & Taylor 1977) 
    45.320.07 Jeffrey Shooting Star - Mertens Rush [Dodecatheon jeffreyi-Juncus 

mertensianus] (Palmer 1979) 
    45.320.08 Wet Subalpine or alpine meadow 
      
   45.400.00 Mountain Heather - Bilberry [Phyllodoce spp.-Vaccinium caespitosum] 
    45.400.01 Sierra Primrose [Primula suffrutescens] (Burke 1982) 
    45.400.02 Bilberry - Blackish Sedge [Vaccinium caespitosum-Carex nigricans] 

(Major & Taylor 1977) 
    45.400.03 Drummond Cinquefoil - Brewer Cinquefoil [Potentilla drummondii-

Potentilla breweri] (Major & Taylor 1977) 
  
   45.405.00 Sierra Bilberry Scrub [Vaccinium (caespitosum, scoparium)] (Keeler-Wolf and 

Moore 2001) 
 
   45.410.00 Western Blueberry Scrub [Vaccinium uliginosum] (Keeler-Wolf and Moore 2001) 
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    45.410.01 Western Blueberry [Vaccinium uliginosum] (Keeler-Wolf and Moore 
2001) 

    
   45.415.00 Mountain Pride Penstemon [Penstemon newberryi] (Keeler-Wolf and Moore 

2001) 
    45.415.01 Mountain Pride Penstemon - Mountain Jewelflower [Penstemon 

newberryi-Streptanthus tortuosus] (Taylor 1984) 
    45.415.02 Mountain Spiraea / Mountain Pride Penstemon - Mountain Jewelflower 

[Spiraea densiflora/Penstemon newberryi-Streptanthus tortuosus] 
(Keeler-Wolf and Moore 2001) 

 
   45.420.00 Canada Goldenrod [Solidago canadensis] (Keeler-Wolf and Moore 2001) 
    45.420.00 Canada Goldenrod - Yarrow [Solidago canadensis-Achillea millefolium] 

(Keeler-Wolf and Moore 2001) 
      
   45.421.00 Alpine Aster [Aster alpigenus spp. andersonii] (Keeler-Wolf and Moore 2001) 
 
   45.422.00 Cordilleran Arnica [Arnica mollis] (Keeler-Wolf and Moore 2001) 
 
   45.423.00 White Corn-lily [Veratrum californicum] (Keeler-Wolf and Moore 2001) 
    45.423.01 White Corn-lily - Arrowhead Butterweed [Veratrum californicum-

Senecio trangularis] (Taylor 1984) 
 
   45.500.00 Alkali Meadow {45310} 
 
 
   45.550.00 Cocklebur Riparian Grassland [Xanthium strumarium] (Keeler-Wolf, Vaghti 

2000) 
   45.555.00 Fennel [Foeniculum vulgare] (Keeler-Wolf, Vaghti 2000) 
 
   45.560.00 Rush Riparian Grassland [Juncus spp.] (Keeler-Wolf, et al. 2001) 
 
   45.561.00 Common Rush Riparian Grassland [Juncus effusus var. brunneus] (Keeler-Wolf, 

et al. 2001) 
 
   45.562.00 Baltic Rush Riparian Grassland [Juncus balticus] (Keeler-Wolf, Vaghti 2000) 
    45.562.01 Baltic Rush - Poison Hemlock [Juncus balticus-Conium maculatum] 

(Keeler-Wolf, Vaghti 2000) 
    45.562.02 Baltic Rush - (Mexican Rush) [Juncus balticus-(Juncus mexicana)] 

(Keeler-Wolf and Moore 2001) 
 
   *45.563.00 Cooper Rush Riparian Grassland [Juncus cooperi] (Keeler-Wolf and Thomas 

2000) 
 
   45.564.00 Spreading Rush [Juncus patens] (Keeler-Wolf, et al. 2001) 
 
   45.565.00 Mexican Rush Riparian Grassland [Juncus mexicanus] (Keeler-Wolf and Thomas 

2000) 
 
   45.566.00 Parry Rush [Juncus parryi] (Keeler-Wolf and Moore 2001) 
    45.566.01 Parry Rush - Vagus Buckwheat [Juncus parryi-Eriogonum incanum] 

(Taylor 1984) 
 
   *45.567.00 Sierra Rush [Juncus nevadensis] (Keeler-Wolf and Moore 2001)   
 
   45.600.00 Alkali Seep {45320} 
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   45.700.00 Freshwater Seep {45400}  
 
 *46.000.00 Alkali Playa Community {46000} 
 
50.000.00 BOG AND MARSH {50000} 
 
 51.000.00 Bog and Fen {51000} 
 
   *51.100.00 Fen Habitat {51110}{51200} 
 
   *51.200.00 Darlingtonia Seep [Darlingtonia californica] {51120} 
    52.200.01 California pitcher plant-California cone flower [Darlingtonia californica- 

 Rudbeckia californica] (re-named from  Jimerson et al. 1995) 
     
 52.000.00 Marsh 
 
   52.100.00 Fresh - Brackish Water Marsh {52200} 
    52.100.01 Coastal and Valley Freshwater Marsh {52410} 
    52.100.02 Coastal Brackish Marsh {52200} 
    52.100.03 Montane Freshwater Marsh {52430} 
    52.100.04 Vernal Marsh {52500} 
 
   *52.101.00 Bulrush [Scirpus spp.] 
    *52.101.01 California Bulrush Wetland [Scirpus californicus] (Atwater et al. 1979) 
    *52.101.02 moved to 52.111.04     
    *52.101.03 moved to 52.111.05  
    *52.101.04 Moved to 52.112.00     
    52.101.05 moved to 52.112.01  
    52.101.06 California Bulrush / Tule [Scirpus californicus/S. acutus] (Keeler-Wolf, 

Vaghti 2000) 
    52.101.07 Small-fruited Bulrush [Scirpus microcarpus] (Keeler-Wolf, et al. 2001) 
    
   52.102.00 Bulrush - Cattail Wetland [Scirpus spp.-Typha spp.] 
    52.102.01 Bulrush - Cattail [Scirpus spp.-Typha spp.] (Atwater et al. 1979) 
    52.102.02 Common Tule - Southern Cattail [Scirpus acutus - Typha domingensis] 

(Odion et al. 1992) 
    *52.102.03 moved to 52.112.02  
    *52.102.04 Brackish Bulrush – Cattail [Scirpus spp. - Typha spp.] {52200} 
 
   52.103.00 Cattail Wetland [Typha spp.] 
    *52.103.01 Brackish Cattail [Typha spp.] 
    52.103.02 Broad-leafed Cattail [Typha latifolia] (Keeler-Wolf, et al. 2001) 
 
   52.104.00 Bur-reed Wetland [Sparganium spp.] 
    52.104.01 Narrowleaf Bur-reed [Sparganium angustifolium] (Keeler-Wolf and 

Moore 2001) 
    
   52.105.00 Duckweed Wetland [Lemma spp.] 
 
   52.106.00 Mosquito Fern Wetland [Azolla filiculoides] 
 
   *52.107.00 Pondweeds with floating leaves Wetland [Potamogeton spp.] 
 
   *52.108.00 Pondweeds with submerged leaves Wetland [Potamogeton spp.] 
 
   *52.109.00 Quillwort Wetland [Isoetes spp.] 
    52.109.01 Western Spikerush [Isoetes occidentalis] (Keeler-Wolf and Moore 2001) 
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   *52.110.00 Yellow Pond-lily Wetland [Nuphar luteum] 

  
 52.111.00 Common Three-square [Scirpus americanus] (Keeler-Wolf and Thomas 2000) 

    *52.111.01 Common Three-square - Cooper Rush - Yerba Mansa [Scirpus 
americanus-Juncus cooperi-Anemopsis californica] (Keeler-Wolf and 
Thomas 2000) 

    *52.111.02 Common Three-square/ Silverleaf Cinqufoil [Scirpus 
americanus/Potentilla anserina] (Keeler-Wolf, Vaghti 2001) 

    52.111.03 Common Three-square/Perennial Pepperweed  [Scirpus 
americanus/Lepidium latifolium] (Keeler-Wolf, Vaghti 2001) 

    52.111.04 Common Three-square [Scripus americanus] (Bradley 1970) 
    *52.111.05  Common Three-square - Littlebeak Spikerush [Scripus americanus-        

Eleocharis rostellata] (Odion et al. 1992) 
 
   *52.112.00 Alkali Bulrush [Scirpus maritimus] (Keeler-Wolf, Vaghti 2000) 
    *52.112.01 Alkali Bulrush / Pickleweed [Scirpus maritimus/Salicornia spp.] (Keeler-

Wolf, Vaghti 2000) 
    *52.112.02 Alkali Bulrush – Cattail [Scirpus maritima. - Typha spp.] (Keeler-Wolf, 

Vaghti 2000) 
 
   52.120.00 Beaked Sedge Wetland [Carex utriculata] 
    52.120.01 Beaked Sedge [Carex utriculata] (Taylor 1984, Halpern 1986, Potter 

2000) 
 
   52.200.00 Salt - Alkali Marsh 
 
   *52.201.00 Pickleweed Wetland [Salicornia spp.] 
    *52.201.01 Common Pickleweed [Salicornia virginica] (Atwater et al. 1979) 
    *52.201.02 Common Pickleweed - Gumplant [Salicornia virginica-Grindelia stricta] 

(Atwater et al. 1979) 
    *52.201.03 Common Pickleweed - Saltgrass [Salicornia virginica-Distichlis spicata] 

(Atwater et al. 1979) 
    *52.201.04 Common Pickleweed - Jaumea - Saltgrass [Salicornia virginica-Jaumea 

carnosa] (Eicher 1987) 
    *52.201.05 Bigelow Pickleweed [Salicornia bigelovii] (Peinado et al. 1994) 
    52.201.06 Northern Coastal Salt Marsh {52110} 
    *52.201.07 South Coastal Pickleweed Salt Marsh 
    *52.201.08 Alkali Pickleweed  
    52.201.09 Southern Coastal Salt Marsh {52120} 
    52.201.10 Common Pickleweed - Bigelow Pickleweed / Western Sea Purslane 

[Salicornia virginica - Salicornia bigelovii / Sesuvium verrucosum] 
(Keeler-Wolf, Vaghti 2000) 

    52.201.11 Common Pickleweed - Bigelow Pickleweed / Saltbush [Salicornia 
virginica - Salicornia bigelovii / Atriplex spp.] (Keeler-Wolf, Vaghti 
2000) 

    52.201.12 Common Pickleweed - Bigelow Pickleweed / Saltgrass [Salicornia 
virginica - Salicornia bigelovii / Distichlis spicata] (Keeler-Wolf, Vaghti 
2000) 

    52.201.13 Common Pickleweed - Bigelow Pickleweed / Beardgrass [Salicornia 
virginica - Salicornia bigelovii / Polypogon spp.] (Keeler-Wolf, Vaghti 
2000) 

    52.201.14 Common Pickleweed - Saltgrass - Jaumea [Salicornia virginica-
Distichlis spicata-Jaumea carnosa] (Keeler-Wolf, et al. 2001) 

     
   *52.202.00 Ditch-grass Wetland [Ruppia spp.] 
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   52.203.00 Cismontane Alkali Marsh {52310} 
 
   52.204.00 Transmontane Alkali Marsh {52320} 
 
   52.205.00 Perennial Pepperweed [Lepidium latifolium] (Keeler-Wolf, Vaghti 2000) 
    52.205.01 Pepperweed - Saltgrass [Lepidium latifolium - Distichlis spp.] (Keeler-

Wolf, Vaghti 2000) 
 
   52.206.00 Gumplant [Grindelia stricta stricta] (Keeler-Wolf, Vaghti 2000) 
 
 
   52.208.00 Birdfoot Trefoil [Lotus corniculatus] (Keeler-Wolf, Vaghti 2000) 
 
   52.209.00 Brass Buttons [Cotula coronopifolia ] (Keeler-Wolf, Vaghti 2000) 
 
   52.210.00 Western Sea Purslane [Sesuvium verrucosum] (Keeler-Wolf, Vaghti 2000) 
 
   52.211.00 Spearscale [Atriplex triangularis] (Keeler-Wolf, Vaghti 2000) 
    
   52.500.00 Alkali Heath Dwarf Scrub [Frankenia salina] (Keeler-Wolf, Vaghti 2000) 
 
60.000.00 RIPARIAN AND BOTTOMLAND HABITAT     
 
 61.000.00 Riparian Forest and Woodland 
 
   61.100.00 Cottonwood and Aspen Woodlands and Forests [Populus spp.] 
 
   61.111.00 Aspen Upland and Riparian Forests and Woodlands 
    *61.111.01 Riparian Aspen Forest  (Talley 1977) 
    *61.111.02 Aspen [Populus tremuloides] (Potter 1994) 
    *61.111.03 Aspen / White Corn-lily [Populus tremuloides/Vertrum californicum] 

(Riegel et al. 1990, Potter 1994) 
    *61.111.04 Aspen / Upland [Populus tremuloides]  
    *61.111.05 Aspen / Leafy Aster [Populus tremuloides/Aster foliaceus] (Riegel et al. 

1990) 
    61.111.06 Aspen / Big Sagebrush [Populus tremuloides/Artemisia tridentata] 

(Keeler-Wolf and Moore 2001) 
    61.111.07 Aspen / Big Sagebrush / Mountain Monardella - Kelloggia [Populus 

tremuloides/Artemisia tridentata/Monardella odoratissima-Kelloggia 
galioides] (Keeler-Wolf and Moore 2001) 

    61.111.08 Aspen / Mountain Monardella [Populus tremuloides/Monardella 
odoratissima] (Potter 1994) 

    61.111.09 Aspen / Jeffrey Pine [Populus tremuloides/Pinus jeffreyi] (Keeler-Wolf 
and Moore 2001) 

    61.111.10 Aspen / Woods Rose [Populus tremuloides/Rosa woodsii] (Keeler-Wolf 
and Moore 2001) 

    61.111.11 Aspen - Lodgepole Pine / Big Sagebrush / Kentucky blue-grass [Populus 
tremuloides-Pinus contorta/Artemisia tridentata/Poa pratensis] (Keeler-
Wolf and Moore 2001) 

 
   *61.120.00 Black Cottonwood Riparian Forests and Woodlands [Populus balsamifera] 

{61110} 
    *61.120.01 North Coast Black Cottonwood [Populus balsamifera] 
    *61.120.02 Montane Black Cottonwood [Populus balsamifera] {61530} 
    61.120.03 Black Cottonwood - Jeffrey Pine [Populus balsamifera-Pinus jeffreyi] 

(Keeler-Wolf and Moore 2001) 
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   *61.130.00 Fremont Cottonwood Riparian Forests and Woodlands [Populus fremontii] 
    *61.130.01 Great Valley Cottonwood Riparian [Populus spp.] {61410} 
    *61.130.02 Southern Cottonwood - Willow Riparian [Populus spp.-Salix spp.] 

{61330} 
    *61.130.03 Modoc - Great Basin Cottonwood - Willow Riparian [Populus spp.-Salix 

spp.] 
    *61.130.04 Mojave Riparian {61700} 
    *61.130.05 Sonoran Cottonwood - Willow Riparian [Populus spp.-Salix spp.] 

{61810} 
61.130.06 Fremont Cottonwood [Populus fremontii] Sacramento River association 

(Vaghti 2003) 
    61.130.07 Fremont Cottonwood /Box-elder [Populus fremontii/Acer negundo] 

(Vaghti 2003) 
    61.130.08 Fremont Cottonwood/Box-elder/Hymalian Blackberry [Populus 

fremontii/Acer negundo/Rubus discolor] (Vaghti 2003) 
    61.130.09 Fremont Cottonwood/Douglas’ Mugwort [Populus fremontii/Artemisia 

douglasiana] (Vaghti 2003) 
    61.130.10 Fremont Cottonwood/Common bedstraw [Populus fremontii/Gallium 

aparine] (Vaghti 2003) 
   61.130.11 Fremont Cottonwood/California Blackberry [Populus fremontii/Rubus 

ursinus] (Vaghti 2003) 
   61.130.12 Fremont Cottonwood-Gooddings Black Willow [Populus fremontii-Salix 

gooddingii] (Vaghti 2003) 
   61.130.13 Fremont Cottonwood/California Wild Grape [Populus fremontii/Vitis 

californica] (Vaghti 2003) 
   61.200.00 Willow Riparian Forests and Woodlands [Salix spp.] 
 
   *61.201.00 Arroyo Willow Riparian Forests and Woodlands [Salix lasiolepis] 
    *61.201.01 Central Coast Arroyo Willow Riparian [Salix lasiolepis] {61230} 
    *61.201.02 Southern Arroyo Willow Riparian [Salix lasiolepis] 
    61.201.03 Arroyo Willow / Blackberry Riparian [Salix lasiolepis/Rubus spp.] 

(Keeler-Wolf, et al. 2001) 
    61.201.04 Arroyo Willow - Shining Willow [Salix lasiolepis-Salix lucida] (Keeler-

Wolf, et al. 2001)       
         

   *61.202.00 Black Willow Riparian Forests and Woodlands [Salix gooddingii] 
 
   *61.203.00 Hooker Willow Riparian Forests [Salix hookeriana] 
 
   *61.204.00 Pacific Willow Riparian Forests [Salix lucida ssp. lasiandra] 
    61.204.01 Shining Willow/Dwarf Nettle-Stinging Nettle [Salix lucida/Urtica urens-

U. dioica] (Vaghti 2003) 
   *61.205.00 Red Willow Riparian Forests [Salix laevigata] 
    61.205.01 Red Willow [Salix laevigata] (Keeler-Wolf and Moore 2001) 
    61.205.02 Red Willow / Arroyo Willow [Salix laevigata / Salix lasiolepis] (Keeler-

Wolf, Vaghti 2000) 
 
   *61.206.00 Sitka Willow Riparian Forests [Salix sitchensis] 
 
   *61.207.00 Mixed Willow Riparian Forests and Woodlands [Salix spp.] 
 
   *61.208.00 Southern Willow Scrub [Salix spp.] 
 
   61.209.00 Narrow-leaf Willow Riparian Scrub [Salix exigua] (Keeler-Wolf, Vaghti 2000) 
    61.209.01 Narrow-leaf Willow  [Salix exigua] Sacramento River Stands (Vaghti 

2003) 
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    61.209.02 Narrow-leaf Willow /Giant Reed [Salix exigua-Arundo donax] (Vaghti 
2003) 

    61.209.03 Narrow-leaf Willow –Dusky Willow [Salix exigua-Salix melanopsis] 
(Vaghti 2003) 

     
   61.210.00 Yellow Willow Riparian Scrub [Salix lutea] (Keeler-Wolf & Moore 2001)  
     
   61.211.00 Gooding Willow Woodland [Salix goodingii] (Keeler-Wolf 2001) 
    61.211.01 Gooding Willow [Salix goodingii] (Keeler-Wolf 2001) 
 
  
   61.300.00 Sycamore [Platanus spp.] 
 
   *61.310.00 California Sycamore [Platanus racemosa] 
 
   *61.311.00 Central California Sycamore Alluvial Woodland [Platanus spp.] {62100} 
    *61.311.01 California Sycamore / Slender Wildoats [Platanus racemosa/Avena 

barbata] (Keeler-Wolf et al. 1994) 
    *61.311.02 California Sycamore / Soft Chess [Platanus racemosa/Bromus 

hordeaceus] (Keeler-Wolf et al. 1994) 
 
   *61.312.00 Southern Sycamore - Alder Riparian Woodland [Platanus spp.-Alnus spp.] 

{62400} 
    61.312.01 California Sycamore - Coast Live Oak [Platanus racemosa-Quercus 

agrifolia] (Keeler-Wolf et al. 1994) 
    *61.312.02 California Sycamore [Platanus racemosa] (Campbell 1980) 
 
   *61.313.00 Foothill Sycamore Riparian Woodland [Platanus spp.] 
    *61.313.01 California Sycamore / Mulefat [Platanus racemosa/Baccharis salicifolia] 

(Keeler-Wolf et al. 1994) 
 
   *61.314.00 Central Coast Cottonwood - Sycamore Riparian Woodland [Populus spp.-

Platanus spp.] {61210} 
 
   61.400.00 Alder Riparian Forest [Alnus spp.] 
 
   61.410.00 Red Alder [Alnus rubra] 
    *61.410.01 Douglas-fir - Red Alder / Vine Maple /Candyflower [Pseudotsuga 

menziesii/Alnus rubra/Acer circinatum/Claytonia sibirica] (Jimerson 
1993) 

    *61.410.02 Red Alder / Salal [Alnus rubra/Gaultheria shallon] (Stuart et al. 1986) 
    *61.410.03 Red Alder Riparian Forest [Alnus rubra] {61130} 
    *61.410.04 Red Alder Forest [Alnus rubra]{81A00} 
    *61.410.05 Red Alder / Arroyo Willow [Alnus rubra/Salix lasiolepis] (Keeler-Wolf, 

et al. 2001)   
    *61.410.06 Red Alder / Salmonberry - Blue Elderberry [Alnus rubra/Rubus 

spectabilis-Sambucus racemosa] (Keeler-Wolf, et al. 2001) 
 
   61.420.00 White Alder Forest and Woodland [Alnus rhombifolia] {61510} 
    *61.420.01 White Alder / California Polypody [Alnus rhombifolia/Polypodium 

californicum] (Borchert et al. 1988) 
    61.420.02 White Alder / Spikenard [Alnus rhombifolia/Aruncus dioicus] (Jimerson 

1993) 
    61.420.03 White Alder - Bigleaf Maple [Alnus rhombifolia/Acer macrophyllum] 

(Stuart et al. 1992) 
    61.420.04 Douglas-fir - White Alder / Himalaya Berry [Pseudotsuga menziesii-

Alnus rhombifolia/Rubus discolor] (Stuart et al. 1992) 
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    61.420.05 White Alder / Indian Rhubarb [Alnus rhombifolia/Darmera peltata] 
(Taylor 1975a, b) 

    61.420.06 White Alder / Miner Dogwood [Alnus rhombifolia/Cornus sessilis] 
(Taylor & Teare 1979a) 

    61.420.07 White Alder / Red Osier [Alnus rhombifolia/Cornus sericea] (Taylor & 
Teare 1979a) 

    61.420.08 White Alder / Fragrant Bedstraw [Alnus rhombifolia/Galium trifolium] 
(Taylor & Teare 1979b) 

    61.420.09 White Alder / Mulefat [Alnus rhombifolia/Baccharis salicifolia] (White 
1994a) 

    61.420.10 White Alder [Alnus rhombifolia] (Potter 2000) 
 
   61.500.00 Desert Wash Riparian Woodland 
 
   *61.510.00 Mesquite Woodland [Prosopis spp.] 
    *61.510.01 Mesquite Dune Scrub [Prosopis spp.] (Spolsky 1979) 
    *61.510.02 Acacia - Mesquite thickets [Acacia spp.-Prosopis spp.] (Spolsky 1979) 
    *61.510.03 Mesquite Dry Lake  [Prosopis spp.] (Spolsky 1979) 
    *61.510.04 Great Valley Mesquite Scrub [Prosopis spp.] {63420} 
    *61.510.05 Mesquite Bosque [Prosopis spp.] {61820} 

61.510.06 Mesquite Alkaline [Prosopis spp.], spring type (Keeler-Wolf et al. 1998) 
61.510.07 Mesquite - Willow [Prosopis spp.-Salix spp.] (Keeler-Wolf et al. 1998) 
61.510.08 Upper Desert Mesquite [Prosopis spp.], spring association (Keeler-Wolf 

et al. 1998) 
     
   *61.512.00 Honey Mesquite Scrub [Prosopis glandulosa] (Keeler-Wolf and Thomas 2000) 
    *61.512.01 Honey Mesquite [Prosopis glandulosa] (Keeler-Wolf and Thomas 2000) 
 
   *61.513.00 Tornillo Scrub [Prosopis pubescens] (Keeler-Wolf and Thomas 2000) 
             
   *61.520.00 Fan Palm Woodland [Washingtonia filifera] 
    *61.520.01 Desert Fan Palm [Washingtonia filifera] {62300} 
    *61.520.02 Fan Palm - Sycamore [Washingtonia filifera-Platanus spp.] (Spolsky 

1979) 
 
   *61.530.00 Blue Palo Verde - Ironwood - Smoke Tree Woodland [Cercidium floridum-

Olneya tesota-Psorothamnus spinosus] 
    *61.530.01 Mixed Wash Woodland  (Spolsky 1979) 
 
   61.540.00 Blue Palo Verde Woodland [Cercidium floridium] 
    *61.540.01 Blue Palo Verde Wash Woodland [Cercidium floridium] (Spolsky 1979) 
    *61.540.02 Blue Palo Verde / Desert Lavender [Cercicium floridum/Hyptis emoryi] 

(Keeler-Wolf 2001)    
 

61.550.00 Desert-willow Woodland [Chilopsis linearis] 
    *61.550.01 Desert-willow Woodland [Chilopsis linearis] (Spolsky 1979) 
    61.550.02 Desert-willow / Cheesebush [Chilopsis linearis/Hymenoclea salsola] 

(Keeler-Wolf and Thomas 2000) 
    *61.550.03 Desert-willow - Desert Almond - Cheesebush [Chilopsis linearis-Prunus 

fasciculata-Hymenoclea salsola] (Keeler-Wolf and Thomas 2000) 
    61.550.04 Desert-willow - Desert Almond [Chilopsis linearis-Prunus fasciculata] 

(Keeler-Wolf and Thomas 2000) 
    *61.550.05 Desert-willow - Blue Sage [Chilopsis linearis-Salvia dorrii] (Keeler-

Wolf and Thomas 2000) 
    61.550.06 Desert-willow - Desert Sunflower [Chilopsis linearis-Viguiera parishii] 

(Keeler-Wolf and Thomas 2000) 
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    61.550.07 Desert-willow - Blackstem Rabbitbrush [Chilopsis linearis-
Chrysothamnus paniculatus] (Keeler-Wolf and Thomas 2000) 

     
   61.560.00 Ironwood Woodland [Olneya tesota] 
    *61.560.01 Ironwood Woodland [Olneya tesota] (Spolsky 1979) 
    61.560.02 Ironwood / Desert Lavender [Olneya tesota, Hyptis emoryi] (Keeler-Wolf 

2001) 
 
   61.570.00 Smoke Tree Woodland and Scrub [Psorothamnus spinosus] 
    *61.570.01 Smoketree Wash Woodland [Psorothamnus spinosus] (Spolsky 1979) 
    61.570.02 Smoketree - Cheesebush - Sweetbush [Psorothamnus spinosus-

Hymenoclea salsola-Bebbia juncea] (Keeler-Wolf and Thomas 2000) 
    *61.570.03 Smoketree / California Ephedra [Psorothamnus spinosus/Ephedra 

californica] (Keeler-Wolf and Thomas 2000) 
    61.570.04 Smoketree - Desert Lavender - Catclaw Acacia [Psorothamnus spinosus-

Hyptis emoryi-Acacia greggii] (Keeler-Wolf and Thomas 2000) 
 
   *61.580.00 Desert Olive Scrub [Forestiera pubescens] (Keeler-Wolf and Thomas 2000) 

   
    *61.580.01 Desert Olive [Forestiera pubescens] (Keeler-Wolf and Thomas 2000) 
 
   *61.800.00 Walnut [Juglans spp.] 
 
   *61.810.00 Hind's Walnut Unique Stands [Juglans californica var. hindsii] {71120} 
    *61.810.01 Hinds Walnut/Mexican Elderberry [Juglans hindsii/Sambucus mexicana] 

(Vaghti 2003) 
 
   61.900.00 Mixed Riparian Forest and Woodland 
 
   *61.910.00 Great Valley Mixed Riparian Forest {61420} 
 
   *61.920.00 Southern Mixed Riparian Forest {61340} 
 
   *61.930.00 Southern Riparian Forest {61300} 
 
   *61.940.00 Mojave Riparian Forest {61700} 
 

  61.950.00 Desert Dry Wash Woodland {62200} 
 
   *61.960.00 Oregon Ash Riparian Forest [Fraxinus latifolia] (Keeler-Wolf, Vaghti 2000) 
    61.960.01 Oregon Ash [Fraxinus latifolia] (Potter 2000) 
 
 63.000.00 Low to High Elevation Riparian Scrub {63000} 
 
   63.100.00 Scrub Willow [Salix spp.] 
 

  *63.110.00 Narrowleaf Willow [Salix exigua] {63410} 
    63.110.01 Narrowleaf Willow - Desert Baccharis [Salix exigua-Baccharis 

sergilloides] (Keeler-Wolf and Thomas 2000) 
    
   63.111.00 Tealeaf Willow Riparian Scrub [Salix planifolia] (Keeler-Wolf and Moore 2001) 
    63.111.01 Tealeaf Willow [Salix planifolia] (Keeler-Wolf and Moore 2001) 
 
   63.112.00 Sierra Willow Riparian Scrub [Salix eastwoodiae] (Keeler-Wolf and Moore 2001) 
    63.112.01 Sierra Willow [Salix eastwoodiae] (Keeler-Wolf and Moore 2001) 
 
   63.113.00 Lemmon’s Willow Riparian Scrub [Salix lemmonii] (Keeler-Wolf and Moore 
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2001) 
    63.113.01 Lemmon’s Willow [Salix lemmonii] (Keeler-Wolf and Moore 2001) 
 
   63.114.00 Dusky Willow Riparian Scrub [Salix melanopsis] (Keeler-Wolf and Moore 2001) 
    63.114.01 Dusky Willow [Salix melanopsis] (Keeler-Wolf and Moore 2001) 
 
   63.115.00 Grayleaf Sierra Willow Riparian Scrub [Salix orestera] (Taylor 1984) 
    63.115.01 Grayleaf Sierra Willow / Shorthair Reedgrass [Salix 

orestera/Calamagrostis breweri] (Taylor 1984) 
    63.115.02 Grayleaf Sierra Willow / Arrowhead Butterweed [Salix orestera/Senecio 

triangularis] (Taylor and Major & Taylor 1977)    
 
   63.116.00 Arctic Willow Dwarf Scrub [Salix arctica] (Keeler-Wolf and Moore 2001) 
    *63.116.01 Arctic Willow [Salix arctica] (Taylor 1984) {moved from 91.120.22} 
    63.116.02 Arctic Willow / Shorthair Reedgrass - Sierra Bilberry - Pussytoes [Salix 

arctica/Calamagrostis breweri-Vaccinium caespitosum-Antennaria 
media] (Keeler-Wolf and Moore 2001) 

 
   *63.117.00 Snow Willow Dwarf Scrub [Salix reticulata] (Keeler-Wolf and Moore  2001) 
    
   63.120.00 Sandbar Willow [Salix sessifolia] 
 
   *63.130.00 Southern Willow [Salix spp.] {63320}  
 
   *63.140.00 Great Valley Willow [Salix spp.] 
 
   *63.150.00 Montane Wetland Shrub Habitat 
  
   *63.160.00 Subalpine Wetland Shrub Habitat 
 
    63.160.01 Sierra Ragwort - Showy Sedge [Senecio scorzonella-Carex spectabilis] 

(Burke 1982) 
    *63.160.02 Sierra Willow / Arrowhead Butterweed [Salix eastwoodiae/Senecio 

triangularis] (Major & Taylor 1977) 
    *63.160.03 Grayleaf Willow - Meadow Onion [Salix orestera-Allium validum] 

(Taylor 1984) 
    *63.160.04 Grayleaf Willow - Shorthair [Salix orestera-Carex filifolia] (Taylor 

1984) 
    *63.160.05 Mountain Spiraea [Spiraea densiflora] (Taylor 1984) 
    *63.160.06 Tealeaf Willow - Showy Sedge [Salix planifolia-Carex spectabilis] 

(Taylor 1984)   
 
   63.200.00 Alder Scrubs [Alnus spp.] 
 
   *63.210.00 Mountain Alder Scrub [Alnus incana] {63500} 
 
   *63.220.00 Sitka Alder Scrub [Alnus viridis] 
 
   *63.300.00 Buttonbush Scrub [Cephalanthus occidentalis] {63430} 
 
   63.400.00 Elderberry Scrub and Savanna [Sambucus spp.] 
 
   63.410.00 Mexican Elderberry [Sambucus mexicana] 
    *63.410.01 Elderberry Savanna [Sambucus mexicana] {63440} 
 
    
   63.510.00 Mulefat Scrub [Baccharis salicifolia] {63310} 
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   63.520.00 Emory Baccharis Scrub [Baccharis emoryi] 
 

*63.530.00 Broom Baccharis Scrub [Baccharis sergiloides] 
    *63.530.01 Broom Baccharis - Desert Almond [Baccharis sergiloides-Prunus 

fasciciulata] (Keeler-Wolf and Thomas 2000) 
    *63.530.02 Broom Baccharis - Desert Almond - Skunkbrush [Baccharis sergiloides-

Prunus fasciciulata-Rhus trilobata] (Keeler-Wolf and Thomas 2000) 
    *63.530.03 Broom Baccharis / Deergrass [Baccharis sergiloides/Muhlenbergia 

rigens]  (Keeler-Wolf and Thomas 2000) 
 
   63.600.00 Birch Scrub [Betula spp.] 
 
   *63.610.00 Water Birch Scrub [Betula occidentalis] {63510} 
 
   63.700.00 Arrow Weed Scrubs [Pluchea spp.] {63820} 
 
   63.710.00 Arrow Weed Scrub [Pluchea sericea] 
 
   63.800.00 Vegetation dominated by Tamarisk [Tamarix spp.] {63810} 
 
   63.810.00 Tamarisk Scrubs and Woodlands [Tamarix spp.] 

63.810.01 Athel Tamarisk [Tamarix aphylla] type 
63.810.02 Shrub Tamarisk [Tamarix spp.] type 

 
   *63.900.00 Southern Riparian Scrub {63300} 
 

  63.901.00 North Coast Riparian Scrub {63100} 
 
   63.902.00 Central Coast Riparian Scrub {63200} 
 
   63.903.00 Montane Riparian Scrub {63500} 
 
   63.904.00 Modoc-Great Basin Riparian Scrub {63600} 
 
   63.905.00 Mojave Desert Wash Scrub {63700} 
 
   63.906.00  Himalayan Blackberry Scrub [Rubus discolor] (Keeler-Wolf, Vaghti 2000) 
 
   63.907.00 California Rose Riparian Scrub [Rosa californica] (Keeler-Wolf, Vaghti 2000)  
    63.907.01 Rose / Baccharis Scrub [Rosa spp. / Baccharis spp.] (Keeler-Wolf, 

Vaghti 2000) 
 
   63.908.00 Salmonberry Scrub [Rubus spectabilis] (Keeler-Wolf, et al. 2001) 
 
70.000.00 BROAD LEAFED UPLAND TREE DOMINATED 
 
 71.000.00 Oak Woodlands and Forests 
 
   71.010.00 Black Oak Forests and Woodland [Quercus kelloggii] 
    71.010.01 Black Oak - Canyon Live Oak / Poison-oak [Quercus kelloggii-Quercus 

chrysolepis/Toxicodendron diversilobum] (Allen et al. 1991) 
    *71.010.02 Black Oak - Coast Live Oak - Pine / Ocean Spray [Quercus kelloggii-

Quercus chrysolepis/Holodiscus discolor] (Allen et al. 1991) 
    71.010.03 Black Oak / Deerbush [Quercus kelloggii/Ceanothus integerrimus] 

(Allen et al. 1991) 
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    71.010.04 Black Oak / Deerbush - Poison-oak / Bracken [Quercus 
kelloggii/Ceanothus integerrimus-Toxicodendron 
diversilobum/Pteridium aquilinum] (Allen et al. 1991) 

    71.010.05 Black Oak / Grass [Quercus kelloggii/Trieleia spp.] (Allen et al. 1991) 
    71.010.06 Black Oak / Greenleaf Manzanita [Quercus kelloggii/Arctostaphylos 

patula] (Allen et al. 1991) 
    *71.010.07 Black Oak - Madrone - Coast Live Oak [Quercus kelloggii-Arbutus 

menziesii-Quercus chrysolepis] (Allen et al. 1991) 
    71.010.08 Black Oak / Poison-oak [Quercus kelloggii/Toxicodendron diversilobum] 

(Allen et al. 1991) 
    71.010.09 Black Oak / Poison-oak / Grass [Quercus kelloggii/Toxicodendron 

diversilobum/Trieleia spp.] (Allen et al. 1991) 
    71.010.10 Black Oak / Poison-oak - Styrax / Grass Nut [Quercus 

kelloggii/Toxicodendron diversilobum-Styrax officinalis/Trieleia laxa] 
(Allen et al. 1991) 

    *71.010.11 Black Oak - Valley Oak [Quercus kelloggii-Quercus lobata] (Allen et al. 
1991) 

    71.010.12 Canyon Live Oak - Black Oak [Quercus chrysolepis-Quercus kelloggii] 
(Allen et al. 1991) 

    71.010.13 Mixed Oak - Coast Live Oak / Poison-oak [Quercus spp.-Quercus 
agrifolia/Toxicodendron diversilobum] (Allen et al. 1991) 

    71.010.14 Coulter Pine - Black Oak [Pinus coulteri-Quercus kelloggii] (Keeler-
Wolf 1986b, 1990b) 

    71.010.15 Black Oak [Quercus kelloggii] (Keeler-Wolf 1987f)   
    71.010.16 Black Oak - Douglas-fir - Bigleaf Maple [Quercus kelloggii-Pseudotsuga 

menziesii-Acer macrophyllum] (Jimerson 1993) 
    *71.010.17 Black Oak - Douglas-fir [Quercus kelloggii-Pseudotsuga menziesii] 

(Wainwright & Barbour 1984) 
    71.010.18 Black Oak Woodland [Quercus kelloggii] {71120} 
    71.010.19 Black Oak Forest [Quercus kelloggii] {81340} 
    71.010.20 Black Oak / Mewuk Manzanita / Mountain Misery [Quercus 

kelloggii/Arctostaphylos mewukka/Chamaebatia foliosa] (Keeler-Wolf 
and Moore 2001)   

    71.010.21 Black Oak - Incense Cedar [Quercus kelloggii-Calocedrus decurrens] 
(Keeler-Wolf and Moore 2001) 

 
   71.020.00 Blue Oak Woodland [Quercus douglasii] {71140} 
    71.020.01 Blue Oak - Coast Live Oak / Grass [Quercus douglasii-Quercus 

agrifolia/Grass] (Allen et al. 1991) 
    71.020.02 Blue Oak - Foothill Pine / Grass [Quercus douglasii-Pinus 

sabinana/Grass] (Allen et al. 1991) 
    71.020.03 Blue Oak - Foothill Pine / Wedgeleaf Ceanothus - Birchleaf Mountain-

mahogany [Quercus douglasii-Pinus sabinana/Ceanothus cuneatus-
Cercocarpus betuloides] (Allen et al. 1991) 

    71.020.04 Blue Oak - Foothill Pine / Whiteleaf Manzanita / Grass [Quercus 
douglasii-Pinus sabinana/Arctostaphylos viscida/Grass] (Allen et al. 
1991) 

    71.020.05 Blue Oak / Grass [Quercus douglasii/Grass] (Allen et al. 1991) (Includes 
Blue Oak / Bajada Lupine - Tree Clover,[Quercus douglasii/Lupinus 
concinnus-Trifolium ciliolatum], Blue Oak / Blue Larkspur-California 
Phacelia, [Quercus douglasii/Delphinium parryi- Phacelia californica], 
Blue Oak / Blue-eyed Mary-Rigiopappus, [Quercus douglasii/Collinsia 
sparsiflora-Rigiopappus leptocladus], Blue Oak / Chile Lotus - Purple 
Needlegrass, [Quercus douglasii/Lotus wrangelianus-Stipa pulchra], 
Blue Oak / Common Fiddleneck - Rusty Popcorn Flower, [Quercus 
douglasii/Amsinckia intermedia-Plagiobothrys nothofulvus], Blue Oak / 
Foxtail - Johnny-jump-up, [Quercus douglasii/Hordeum leporinum-Viola 
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pedunculata], Blue Oak / Phloxleaf Bedstraw - Bajada Lupine, [Quercus 
douglasii/Galium andrewsii-Lupinus concinnus], Blue Oak / Wand 
Buckwheat /Chile Lotus - California Plantain, [Quercus 
douglasii/Eriogonum elongatum/Lotus wrangelianus-Plantago erecta], 
Blue Oak / Wart Spurge - Goldenback Fern, [Quercus 
douglasii/Euphorbia spathulata-Pentagramma triangularis], Blue Oak / 
Whitestem Filaree - Foxtail,[Quercus douglasii/Erodium moschatum-
Hordeum leporinum], of Borchert et al. 1993a, Quercus douglasii (and 
Blue Oak/Lemmon Needlegrass of Newton 1987) [Quercus 
douglasii/Stipa lemmonii] 

    71.020.06 Blue Oak - Interior Live Oak / Grass [Quercus douglasii-Quercus 
wislizeni/Grass] (Allen et al. 1991) (Includes Blue Oak - Interior Live 
Oak / Mission Star [Quercus douglasii-Quercus wislizeni/Lithophragma 
cymbalaria] of Borchert et al. 1993a) 

    71.020.07 Blue Oak - Interior Live Oak / Wedgeleaf Ceanothus /Grass [Quercus 
douglasii-Quercus wislizeni/Ceanothus cuneatus] (Allen et al. 1991) 

    71.020.08 Blue Oak - Linearleaf Goldenbush [Quercus douglasii-Ericameria 
linearifolia] (Allen et al. 1991) 

    71.020.09 Blue Oak - Understory Oak / Grass [Quercus douglasii-Quercus 
spp./Grass] (Allen et al. 1991) 

    *71.020.10 Blue Oak - Valley Oak - Coast Live Oak / Grass [Quercus douglasii-
Quercus lobata-Quercus agrifolia/Grass] (Allen et al. 1991) 

    71.020.11 Blue Oak - Valley Oak / Grass [Quercus douglasii-Quercus 
lobata/Grass] (Allen et al. 1991) 

    71.020.12 Blue Oak / Wedgeleaf Ceanothus / Grass [Quercus douglasii/Ceanothus 
cuneatus/Grass] (Allen et al. 1991) 

    71.020.13 Interior Live Oak - Blue Oak - Foothill Pine / Grass [Quercus wislizeni-
Quercus douglasii-Pinus sabiniana/Grass] (Allen et al. 1991) 

    *71.020.14 Blue Oak / Birchleaf Mountain-mahogany / Bowlesia [Quercus 
douglasii/Cercocarpus betuloides/Bowlesia incana] (Borchert et al. 
1993a) 

    71.020.15 Blue Oak / Hillside Gooseberry / Ripgut Brome [Quercus 
douglasii/Ribes californica/Bromus diandrus] (Borchert et al. 1993a) 

    71.020.16 Blue Oak / Non-native Bromegrass - Wild Carrot [Quercus 
douglasii/Bromus sp.- Daucus pusillus] (Keeler-Wolf and Moore 2001) 

    71.020.17 Blue Oak - Interior Live Oak / Non-native Bromegrass - Wild Carrot 
[Quercus douglasii-Quercus wislizeni/Bromus sp.- Daucus pusillus] 
(Keeler-Wolf and Moore 2001) 

 
   *71.030.00 Oregon White Oak Woodland [Quercus garryana var. garryana] 
    *71.030.01 Oregon White Oak - Black Oak / Tall-oatgrass [Quercus garryana var. 

garryana-Quercus kelloggii/Arrhenatherum elatius] (Jimerson 1993) 
    *71.030.02 Oregon White Oak - Brewer Oak / California Fescue [Quercus garryana 

var. garryana-Quercus garryana var. breweri/Festuca californica] 
(Jimerson 1993) 

    *71.030.03 Oregon White Oak - Douglas-fir / California Fescue [Quercus garryana 
var. garryana-Pseudotsuga menziesii/Festuca californica] (Jimerson 
1993) 

    *71.030.04 Oregon White Oak / Poison-oak [Quercus garryana var. 
garryana/Toxicodendron diversilobum] (Leitner & Leitner 1988) 

    *71.030.05 Oregon White Oak / Common Snowberry [Quercus garryana var. 
garryana/Symphoricarpos albus] (1987) 

*71.030.06 Oregon White Oak / Dogtail [Quercus garryana var. 
garryana/Cynosurus cristatus] (Sugihara et al. 1987) 

    *71.030.07 Oregon White Oak / Klamath Gooseberry [Quercus garryana var. 
garryana/Ribes roezlii] (Sugihara et al. 1987) 
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    *71.030.08 Oregon White Oak / Mock-orange [Quercus garryana var. 
garryana/Philadelphus lewisii] (Sugihara et al. 1987) 

    *71.030.09 Oregon White Oak / Poison Larkspur [Quercus garryana var. 
garryana/Delphinium trollifolium] (Sugihara et al. 1987) 

    *71.030.10 Oregon White Oak /  Orchid Grass [Quercus garryana var. 
garryana/Dactylis glomerata] (Sugihara et al. 1987) 

    *71.030.11 Oregon White Oak / California Brome [Quercus garryana var. 
garryana/Bromus californica] (Taylor and Teare 1979a) 

    71.030.12 Oregon Oak Woodland [Quercus garryana var. garryana] {71110} 
 
   *71.040.00 Valley Oak Forests and Woodlands [Quercus lobata] {61430} 
    *71.040.01 Black Oak - Valley Oak / Grass [Quercus kelloggii-Quercus 

lobata/Grass] (Allen et al. 1991a) 
    *71.040.02 Blue Oak - Valley Oak / Grass [Quercus douglasii-Quercus 

lobata/Grass] (Allen et al. 1991a) 
    *71.040.03 Coast Live Oak - Valley Oak / Poison-oak [Quercus agrifolia-Quercus 

lobata/Toxicodendron diversilobum] (Allen et al. 1991a) 
    *71.040.04 Mixed Oak - Valley Oak / Poison-oak - California Coffeeberry [Quercus 

spp.- Quercus lobata/Toxicodendron diversilobum-Rhamnus californica] 
(Allen et al. 1991a) 

    *71.040.05 Valley Oak / Grass [Quercus lobata/Grass] (Allen et al. 1991a) 
    *71.040.06 Valley Oak - Coast Live Oak / Grass [Quercus lobata-Quercus 

agrifolia/Grass] (Allen et al. 1991a) 
    *71.040.07 Great Valley Valley Oak Riparian [Quercus lobata] {61430} (Vaghti 

2003 as Q lobata/Aristolochia californica) 
    *71.040.08 Valley Oak Woodland [Quercus lobata] {71130} 
    
   71.050.00 Canyon Live Oak Forest and Woodland [Quercus chrysolepis] 
    71.050.01 Canyon Live Oak - Madrone - Tanoak [Quercus chrysolepis-Arbutus 

menziesii-Lithocarpus densiflora] (Campbell 1980) 
    *71.050.02 Sugar Pine - Canyon Live Oak [Pinus lambertiana-Quercus chrysolepis] 

(Griffin 1976a) 
    *71.050.03 Canyon Live Oak - Deerbrush [Quercus chrysolepis-Ceanothus 

integerrimus] (Gordon & White 1994) 
    71.050.04 Canyon Live Oak Woodland [Quercus chrysolepis] (Meier 1979) 
    71.050.05 Canyon Live Oak - Douglas-fir [Quercus chrysolepis-Pseudotsuga 

menziesii] (Mize 1973) 
    *71.050.06 Canyon Live Oak / Lemmon Catchfly [Quercus chrysolepis/Silene 

lemmonii] (NDDB) 
    *71.050.07 Canyon Live Oak- Oregon White Oak / Goldenback Fern [Quercus 

chrysolepis-Quercus garryana var. garryana/Pentagramma triangularis] 
(Sawyer & Stillman 1977) 

    71.050.08 Canyon Live Oak / Narrowleaf Sword Fern [Quercus 
chrysolepis/Polystichum imbricans] (Sawyer & Stillman 1977) 

    71.050.09 Canyon Live Oak / Mewuk Manzanita [Quercus 
chrysolepis/Arctostaphylos mewukka] (Taylor & Randal 1977a) 

71.050.10 Moved to Douglas-fir – Canyon Live oak alliance 
    71.050.11 Canyon Live Oak [Quercus chrysolepis] Ravine forest (Holland 1986)  

{61350} 
71.050.12 Canyon Live Oak Forest [Quercus chrysolepis] {81320} 
71.050.13 Canyon Live Oak - California Bay [Quercus chrysolepis-Umbellularia  

californica] (Keeler-Wolf and Moore 2001) 
71.050.14            Canyon Live Oak / Whiteleaf Manzanita [Quercus chrysolepis- 

Arctostaphylos viscida] (Keeler-Wolf and Moore 2001) 
71.050.15            Canyon Live Oak / Greenleaf Manzanita [Quercus 

chrysolepis/Arctostaphylos patula] (Keeler-Wolf and Moore 2001) 
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71.050.16           Canyon Live Oak - Foothill Pine [Quercus chrysolepis/Pinus sabiniana] 
(Keeler-Wolf and Moore 2001) 

71.050.17 Canyon Live Oak / Wood Fern [Quercus chrysolepis/Dryopteris arguta] 
(Keeler-Wolf and Moore 2001) 

71.050.18 Canyon Live Oak - Ponderosa Pine [Quercus chrysolepis/Pinus 
ponderosa] (Keeler-Wolf and Moore 2001) 

71.050.19 Canyon Live Oak - Incense Cedar [Quercus chrysolepis/Calocedrus 
decurrens] (Keeler-Wolf and Moore 2001) 

 
   71.060.00 Coast Live Oak Forest and Woodland [Quercus agrifolia] 
    71.060.01 Blue Oak - Coast Live Oak / Grass [Quercus douglasii-Quercus 

agrifolia/Grass] (Allen et al. 1991) 
    71.060.02 Coast Live Oak [Quercus agrifolia] (Allen et al. 1991) 
    71.060.03 Coast Live Oak - Bigleaf Maple / California Coffeeberry -Ocean Spray 

[Quercus agrifolia-Acer macrophyllum/Rhamnus californica-Holodiscus 
discolor] (Allen et al. 1991) 

    71.060.04  Coast Live Oak / Blackberry / Bracken [Quercus agrifolia/Rubus 
spp./Pteridium aquilinum] (Allen et al. 1991) 

    71.060.05 Coast Live Oak - California Bay / Toyon - Scrub Oak [Quercus 
agrifolia-Umbellularia californica/Heteromeles arbutifolia-Quercus 
berberidifolia]  (Allen et al. 1991) 

    71.060.06 Coast Live Oak / California Coffeeberry - Toyon [Quercus 
agrifolia/Rhamnus californica-Heteromeles arbutifolia] (Allen et al. 
1991) 

    71.060.07 Coast Live Oak / Chamise - Black Sage [Quercus agrifolia/Adenostoma 
fasciculatum-Salvia mellifera] (Allen et al. 1991) 

    71.060.08 Coast Live Oak / California Sagebrush / Grass [Quercus 
agrifolia/Artemisia californica/Grass] (Allen et al. 1991) 

    71.060.09 Coast Live Oak / Grass [Quercus agrifolia/Grass] (Allen et al. 1991) 
    71.060.10 Coast Live Oak - Madrone / Hazel - Blackberry [Quercus agrifolia-

Arbutus menziesii/Corylus cornuta-Rubus spp.] (Allen et al. 1991) 
    71.060.11 Coast Live Oak / Ocean Spray - Common Snowberry [Quercus 

agrifolia/Holodiscus discolor-Symphoricarpos albus] (Allen et al. 1991) 
    71.060.12 Coast Live Oak / Poison-oak / Grass [Quercus agrifolia / Toxicodendron 

diversilobum/Grass] (Allen et al. 1991) 
    71.060.13 Coast Live Oak / Poison-oak [Quercus agrifolia/Toxicodendron 

diversilobum] (Allen et al. 1991) 
    71.060.14 Coast Live Oak / Toyon / Grass [Quercus agrifolia/Heteromeles 

arbutifolia/Grass] (Allen et al. 1991) 
    71.060.15 Coast Live Oak / Toyon - Poison-oak [Quercus agrifolia/Heteromeles 

arbutifolia-Toxicodendron diversilobum] (Allen et al. 1991) 
    71.060.16 Coast Live Oak / Hairyleaf Ceanothus [Quercus agrifolia/Ceanothus 

oliganthus] (Gordon & White 1994) 
    71.060.17 Coast Live Oak /Common Snowberry [Quercus 

agrifolia/Symphoricarpos albus] (Keeler-Wolf 1994) 
    *71.060.18 Coast Live Oak - Black Oak [Quercus agrifolia-Quercus kelloggii] 

(Wainwright & Barbour 1984) 
    71.060.19 Coast Live Oak Woodland [Quercus agrifolia] {71160} 
    *71.060.20 Southern Coast Live Oak Riparian Forest  [Quercus agrifolia] {61310} 
    71.060.21 Central Coast Live Oak Forest  [Quercus agrifolia] {61220} 
    71.060.22 Coast Live Oak/Wright’s Buckwheat  [Quercus agrifolia/Eriogonum 

wrightii] 
71.060.23 Coast Live Oak-Coulter Pine  [Quercus agrifolia-Pinus coulteri] 

    71.060.24 Coast Live Oak - (Madrone) - California Bay [Quercus agrifolia-
(Arbutus menziesii)-Umbellularia californica] (Keeler-Wolf, et al. 2001) 
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    71.060.25 Coast Live Oak / Poison Oak - (Hazel) [Quercus 
agrifolia/Toxicodendron diversilobum-(Corylus cornuta)] (Keeler-Wolf, 
et al. 2001) 

 
   *71.070.00 Engelmann Oak Woodland [Quercus engelmannii] 
    *71.070.01 Open Engelmann Oak Woodland [Quercus engelmannii] {71181} 
 
   71.080.00 Interior Live Oak Woodland [Quercus wislizeni] 
    71.080.01 Interior Live Oak - Blue Oak - Foothill Pine [Quercus wislizeni-Quercus 

douglasii-Pinus sabiniana] (Allen et al. 1991) 
    71.080.02 Interior Live Oak - Foothill Pine / Common Manzanita [Quercus 

wislizeni-Pinus sabiniana/Arctostaphylos manzanita] (Allen et al. 1991) 
    71.080.03 Interior Live Oak - Madrone / Poison-oak [Quercus wislizeni-Arbutus 

menziesii/Toxicodendron diversilobum] (Allen et al. 1991) 
    71.080.04 Interior Live Oak / Whiteleaf Manzanita [Quercus 

wislizeni/Arctostaphylos viscida] (Allen et al. 1991) 
    71.080.05 Interior Live Oak / Yerba Santa / Grass [Quercus wislizeni/Eriodictyon 

californicum/Grass] (Allen et al. 1991) 
    71.080.06 Interior Live Oak Woodland [Quercus wislizeni] {71150} 
    71.080.07 Interior Live Oak Forest [Quercus wislizeni] {81330} 
 
   *71.090.00 Island Oak Woodland [Quercus tomentella] {71190} 
 
   71.095.00 Shrub Live Oak Scrub [Quercus turbinella] 
    71.095.01 Shrub Live Oak - Singleleaf Pinyon  [Quercus turbinella-Pinus 

monophylla] (Keeler-Wolf and Thomas 2000) 
    71.095.02 Shrub Live Oak - Desert Baccharis [Quercus turbinella-Baccharis 

sergiloides] (Keeler-Wolf and Thomas 2000) 
 
   71.100.00 Mixed Oak Woodland and Forest [Quercus spp.] 
    71.100.01 Black Oak - Valley Oak / Grass [Quercus kelloggii-Quercus 

lobata/Grass] (Allen et al. 1991) 
    71.100.02 Black Oak - Valley Oak - Coast Live Oak / Grass [Quercus kelloggii-

Quercus lobata-Quercus agrifolia/Grass] (Allen et  al. 1991) 
    71.100.03 Interior Live Oak / Toyon [Quercus wislizeni/Heteromeles arbutifolia] 

(Allen et al. 1991) 
    71.100.04 Mixed Oak - Black Oak / Grass [Quercus spp.-Quercus kelloggii/Grass] 

(Allen et al. 1991) 
    71.100.05 Mixed Oak - California Buckeye / Grass [Quercus spp.-Aesculus 

californica/Grass] (Allen et al. 1991) 
    71.100.06  Mixed Oak - Coast Live Oak / Poison-oak [Quercus spp.-Quercus 

agrifolia/Toxicodendron diversilobum] (Allen et al. 1991) 
    71.100.07 Mixed Oak - Foothill Pine / Grass [Quercus spp.-Pinus sabiniana/Grass] 

(Allen et al. 1991) 
    71.100.08 Mixed Oak / Grass [Quercus spp./Grass] (Allen et al. 1991) 
    71.100.09 Mixed Oak - Interior Live Oak - Foothill Pine [Quercus spp.-Quercus 

wislizeni-Pinus sabinana] (Allen et al. 1991) 
    71.100.10 Mixed Oak / Poison-oak - Coyote Brush [Quercus spp./Toxicodendron 

diversilobum-Baccharis pilularis] (Allen et al. 1991) 
    71.100.11 Mixed Oak - Valley Oak / Poison-oak - California Coffeeberry [Quercus 

spp.-Quercus lobata/Toxicodendron diversilobum-Rhamnus californica] 
(Allen et al. 1991) 

    71.100.12 Oregon White Oak - Black Oak / Firecracker Flower [Quercus garryana 
var. garryana-Quercus kelloggii/Dichelostemma ida-maia] (Jimerson 
1993) 

    71.100.13 Oregon White Oak - Black Oak / Tall-oatgrass [Quercus garryana var. 
garryana-Quercus kelloggii/Arrhenatherum elatius] (Jimerson 1993) 
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 72.000.00 Upland Walnut Woodlands and Forests [Juglans spp.] 
 
   72.100.00 California Walnut Woodland and Forests [Juglans californica var. californica] 
    *72.100.01 California Walnut Woodland [Juglans californica var. californica] 

{71210} 
    *72.100.02 California Walnut Forest [Juglans californica var. californica] {81600} 
 
 73.000.00 Tanoak Forest and Woodland 
 
   73.100.00 Tanoak Forest and Woodland [Lithocarpus densiflora] {81400} 
    73.100.01 Sugar Pine - Tanoak / Poison-oak [Pinus lambertina-Lithocarpus 

densiflora/Toxicodendron diversilobum] (Griffin 1976) 
    73.100.02 Tanoak / California Coffeeberry [Lithocarpus densiflora/Rhamnus 

californica] (Sawyer 1981a) 
  
 73.200.00 Pacific Madrone [Arbutus menziesii] (Keeler-Wolf, et al. 2001) 
 
 *74.000.00 California Bay Forests and Woodlands [Umbellularia californica] 
 
   74.100.00 California Bay Forest and Woodland [Umbellularia californica] {81200} 
    74.100.01 California Bay [Umbellularia californica] (Campbell 1980) 
    74.100.02 Tanoak - California Bay [Lithocarpus densiflora-Umbellularia 

californica] (Fiedler & Leidy 1987) 
    74.100.03 California Bay - Madrone [Umbellularia californica-Arbutus menzesii] 

(Parker 1990) 
    74.100.04 California Bay - Blue Elderberry / Western Sword Fern [Umbellularia 

californica-Sambucus racemosa/Polystichum munitum ] (Keeler-Wolf, et 
al. 2001) 

    74.100.05 California Bay - Coast Live Oak / Poison Oak - Hazelnut [Umbellularia 
californica-Quercus agrifolia/Toxicodendron diversilobum-Corylus 
cornuta] (Keeler-Wolf, et al. 2001) 

 
 75.000.00 California Buckeye Woodland [Aesculus californica] 
 
   *75.100.00 California Buckeye Woodland [Aesculus californica] 
 
 76.000.00 Cercocarpus-Mountain Mahogany Woodlands and Scrubs [Cercocarpus spp.] 
 
   76.100.00 Birchleaf Mountain-Mahogany Scrub [Cercocarpus betuloides] 
    76.100.01 Klamath Birchleaf Mountain-mahogany [Cercocarpus spp.] (Taylor 

1979a) 
    76.100.02 Peninsular Range Birchleaf Mountain-mahogany [Cercocarpus spp.] 

(Gordon & White 1994) 
76.100.03 Birchleaf Mountain Mahogany with Scrub 
76.100.04 Birchleaf Mountain-mahogany-Bigberry Manzanita 

 
   76.200.00 Curlleaf Mountain-Mahogany Woodland and Scrub [Cercocarpus ledifolius] 
    76.200.01 Curlleaf Mountain-Mahogany - Big Sagebrush [Cersocarpus ledifolius-

Artemisia tridentata] (Keeler-Wolf and Thomas 2000) 
    76.200.02 Curlleaf Mountain-Mahogany / Roundleaf Snowberry [Cersocarpus 

ledifolius/Symphoricarpos rotundifolia] (Keeler-Wolf and Thomas 2000) 
    
   *76.300.00 Littleleaf Mountain-Mahogany Scrub [Cercocarpus intricatus] (Keeler-Wolf and 

Thomas 2000) 
 
 *77.000.00 Catalina Ironwood Woodland Unique Stands [Lyonothamnus floribundus] {81700} 
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 *78.000.00 Hollyleaf Cherry Woodland and Scrub Unique Stands [Prunus ilicifolia]  
    

*78.100.00 Island Hollyleaf Cherry [Prunus ilicifolia ssp. lyonii] {81810} 
 
   *78.200.00 Mainland Hollyleaf Cherry [Prunus ilicifolia ssp. ilicifolia] {81820} entry 

obsolete; moved to 37.910.00 
 
 79.000.00 Eucalyptus Naturalized Forest [Eucalyptus spp.] 
 
80.000.00 CONIFEROUS UPLAND FOREST AND WOODLAND 
 
 81.000.00 Cypress Scrubs, Woodlands and Forests [Cupressus spp.] 
 
   *81.100.00 Port Orford-cedar Forest [Chamaecyparis lawsoniana] {82500} 
    *81.100.01 Port Orford-cedar / Western Azalea [Chamaecyparis 

lawsoniana/Rhododendron occidentale] (Jimerson 1994) 
    *81.100.02 Port Orford-cedar - Douglas-fir / Huckleberry Oak [Chamaecyparis 

lawsoniana-Pseudotsuga menziesii/Quercus vaccinifolia] (Jimerson 
1994) 

    *81.100.03 Port Orford-cedar - Shasta Fir / Sadler Oak - Thinleaf Huckleberry 
[Chamaecyparis lawsoniana-Abies magnifica var. shastensis/Quercus 
sadleriana-Vaccinium membranaceum] (Jimerson 1994) 

    *81.100.04 Port Orford-cedar / Rhododendron - Salal [Chamaecyparis 
lawsoniana/Rhododendron macrophyllum-Gaultheria shallon] (Jimerson 
1994) 

    *81.100.05 Port Orford-cedar / Salal [Chamaecyparis lawsoniana/Gaultheria 
shallon] (Jimerson 1994) 

    *81.100.06 Port Orford-cedar - White Fir / Azalea [Chamaecyparis lawsoniana-
Abies concolor/Rhododendron spp.] (Jimerson 1994) 

    *81.100.07 Port Orford-cedar - White Fir / Sadler Oak [Chamaecyparis lawsoniana-
Abies concolor/Quercus sadleriana] (Jimerson 1994) 

    *81.100.08 Port Orford-cedar - White Fir / Herb [Chamaecyparis lawsoniana-Abies 
concolor/Herb] (Jimerson 1994) 

    *81.100.09 Port Orford-cedar - White Fir / Huckleberry Oak [Chamaecyparis 
lawsoniana-Abies concolor/Quercus vaccinifolia] (Jimerson 1994) 

    *81.100.10 Port Orford-cedar - Western White Pine / Huckleberry Oak 
[Chamaecyparis lawsoniana-Pinus monticola/Quercus vaccinfolia] 
(Jimerson 1994) 

    *81.100.11 Moved to Douglas-fir – Tanoak Alliance 
    *81.100.12 Moved to Douglas-fir – Tanoak Alliance 
    *81.100.13 Moved to Douglas-fir – Tanoak Alliance 
    *81.100.14 Moved to Douglas-fir – Tanoak Alliance 
    *81.100.15 Tanoak - Port Orford-cedar / Spikenard [Lithocarpus densiflora-

Chamaecyparis lawsoniana/Aruncus diocus] (Jimerson 1994)  
    *81.100.16 Moved to Douglas-fir – Tanoak Alliance) 
    *81.100.17 Port Orford-cedar  -Pine / Rhododendron [Pinus spp./Rhododendron 

spp.] (Simpson 1980) 
   *81.100.18 Port Orford-cedar  -Douglas-fir / Spicebush [Chamaeparis lawsoniana- 
     Pseudotsuga menziesii/Calycanthus occidentalis] (Jimerson et al. 1999) 
   *81.100.19 Port Orford-cedar  - Mixed conifer/Western Azalea – dwarf tanbark oak 
     [Chamaeparis lawsoniana-Abies concolor-Calocedrus   
     decurrens/Rhododendron occidentalis-Lithocarpus densiflorus var.  
     echinoides] (Jimerson et al. 1999) 
   *81.100.20 Port Orford-cedar  - White fir /Sitka alder [Chamaeparis lawsoniana- 
     Abies concolor/Alnus sinuata] (Jimerson et al. 1999) 
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   *81.100.21 Port Orford-cedar  - White fir /Vine maple [Chamaeparis lawsoniana- 
     Abies concolor/Acer circinatum]  (Jimerson et al. 1999) 
   *81.100.22 Port Orford-cedar  - Brewer spruce/Sadler oak-Huckleberry oak  
     [Chamaeparis lawsoniana-Picea breweriana/Quercus sadleriana- 
     Quercus vaccinifolia] (Jimerson et al. 1999) 
   *81.100.23 Port Orford-cedar – Shasta Red Fir/Sitka Alder-Sadler Oak   
     [Chamaeparis lawsoniana-Abies magnifica ssp. Shastensis/Alnus  
     sinuata-Quercus sadleriana] (Jimerson et al. 1999) 
   *81.100.24 Port Orford-cedar – Shasta Red Fir/Sitka Alder/California Pitcher Plant 
     [Chamaeparis lawsoniana-Abies magnifica ssp. shastensis/Alnus  
     sinuata/Darlingtonia californica] (Jimerson et al. 1999) 
   *81.100.25 Port Orford-cedar  -Douglas-fir /California Hazelnut [Chamaeparis  
     lawsoniana-Pseudotsuga menziesii/Corylus cornuta var. californica]  
     (Jimerson et al. 1999) 
   *81.100.26 Port Orford-cedar  -Douglas-fir – Red Alder/Vine Maple [Chamaeparis 
     lawsoniana-Pseudotsuga menziesii-Alnus rubra/Berberis   
     nervosa]  (Jimerson et al. 1999) 
   *81.100.27 Port Orford-cedar  - Western White Pine / Western Azalea –Dwarf  
     Tanbark oak – Labrador Tea [Chamaeparis lawsoniana-Pinus   
     monticola/Rhododendron occidentalis – Lithocarpus densiflorus var.  
     echinoides] (Jimerson et al. 1999) 
   *81.100.28 Port Orford-cedar  - Western White Pine /Labrador Tea / California  
     Pitcher Plant//coastal [Chamaeparis lawsoniana-Pinus monticola/Ledum 
      glandulosum/Darlingtonia californica] (Jimerson et al. 1999) 
   *81.100.29 Port Orford-cedar  - Mixed Conifer /Huckleberry Oak-Western Azalea  
     [Chamaeparis lawsoniana-Pseudotsuga menziesii –(Abies concolor- 
     Pinus lambertiana)/Quercus vaccinifolia –Rhododendron occidentalis]  
     (Jimerson et al. 1999) 
   *81.100.30 Port Orford-cedar  - White Fir / Western Azalea-Huckleberry Oak  
     [Chamaeparis lawsoniana – Abies concolor/Rhododendron occidentalis 
     – Quercus vaccinifolia] (Jimerson et al. 1999) 
   *81.100.31 Port Orford-cedar  - White Fir / Sierra Laurel-Bush Chinquapin  
     [Chamaeparis lawsoniana – Abies concolor/Leucothoe davisiae- 
     Chrysolepis sempervirens] (Jimerson et al. 1999) 
   *81.100.32 Port Orford-cedar  - White Fir / Bush Chinquapin-Western Azalea  
     [Chamaeparis lawsoniana – Abies concolor/ Chrysolepis sempervirens-
     Rhododendron occidentalis]  (Jimerson et al. 1999) 
   *81.100.33 Port Orford-cedar  - Western White Pine / Labrador Tea/California  
     Pitcher Plant //interior [Chamaeparis lawsoniana-Pinus   
     monticola/Ledum glandulosum/Darlingtonia californica//interior]  
     (Jimerson et al. 1999) 
   *81.100.34 Port Orford-cedar  - Western White Pine /Sitka Alder [Chamaeparis  
     lawsoniana-Pinus monticola/Alnus sinuata] (Jimerson et al. 1999) 
   *81.100.35 Port Orford-cedar  - Western White Pine /Thinleaf Huckleberry  
     [Chamaeparis lawsoniana-Pinus monticola/Vaccinium   
     membranaceum](Jimerson et al. 1999) 
   *81.100.36 Port Orford-cedar  - Western White Pine //Wet Herb Complex   
     [Chamaeparis lawsoniana-Pinus monticola/Veratrum californicum- 
     Lilium sp.] (Jimerson et al. 1999) 
   *81.100.37 Port Orford-cedar  - Western White Pine //Dry Herb Complex   
     [Chamaeparis lawsoniana-Pinus monticola// dry herb] (Jimerson et al.  
     1999) 
   *81.100.38 Port Orford-cedar  - Mountain Hemlock /Bush Chinquapin [Chamaeparis 
     lawsoniana-Tsuga mertensiana/Chrysolepis sempervirens](Jimerson et  
     al. 1999) 
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   *81.100.39 Port Orford-cedar  - Mountain Hemlock /Labrador Tea [Chamaeparis  
     lawsoniana-Tsuga mertensiana/Ledum glandulosum] (Jimerson et al.  
     1999) 
   *81.100.40 Port Orford-cedar  - Mountain Hemlock /Sierra Laurel [Chamaeparis  
     lawsoniana-Tsuga mertensiana/Leucothoe davisiae] (Jimerson et al  
     1999) 
  *81.200.00 Alaska Yellow-cedar Unique Stands [Chamaecyparis nootkatensis] 

 
   *81.300.00 McNab Cypress Woodland [Cupressus macnabiana] 
 
   *81.400.00 Pygmy Cypress Dwarf Woodland [Cupressus goveniana ssp. goveniana] {83161} 
    *81.400.01 Pygmy Cypress / Lichen [Cupressus goveniana ssp. goveniana/Cladonia 

bellidiflora] (Westman & Whittaker 1975) 
    *81.400.02 Pygmy Cypress / Lichen [Cupressus goveniana ssp. goveniana/Cladina 

impexa] (Westman & Whittaker 1975) 
    *81.400.03 Pygmy Cypress / Ramalina tharusta [Cupressus goveniana ssp. 

goveniana] (Westman & Whittaker 1975) 
    *81.400.04 Pygmy Cypress / Usnea subfloridana [Cupressus goveniana ssp. 

goveniana] (Westman & Whittaker 1975) 
 
   *81.500.00 Sargent Cypress Woodland [Cupressus sargentii] 
    
   81.600.00 Unique Stands of Cypress [Cupressus spp.] 
 
    *81.600.10 Baker Cypress Stands [Cupressus bakeri] 
 
    *81.600.20 Cuyamaca Cypress Stands [Cupressus stephensonii] 
 
    *81.600.30 Gowen Cypress Stands [Cupressus goveniana ssp. goveniana] {83162} 
 
    *81.600.40 Monterey Cypress Stands [Cupressus macrocarpa] {83150} 
 
    *81.600.50 Piute Cypress Stands [Cupressus nevadensis] {83230} 
 
    *81.600.60 Santa Cruz Cypress Stands [Cupressus abramsiana] {83220} 
 
    *81.600.70 Tecate Cypress Stands [Cupressus forbesii] 
 

82.000.00 Coastal and Montane Douglas-fir Forests and Woodlands [Pseudotsuga spp.] 
82.000.01 Mixed evergreen forest {82400} 

 
*82.100.00 Bigcone Douglas-fir Forest [Pseudotsuga macrocarpa] {84150} 

 
82.200.00 Douglas-fir Forest [Pseudotsuga menziesii] 

*82.200.01 Douglas-fir - Bigleaf Maple / Hazel [Pseudotsuga menziesii-Acer 
macrophyllum/Corylus cornuta] (Fites 1993) 

    *82.200.02 Douglas-fir - Bigleaf Maple / Trail Plant [Pseudotsuga menziesii-Acer 
macrophyllum/Adenocaulon bicolor] (Fites 1993) 

    *82.200.03 Douglas-fir - Pacific Dogwood / Hazel [Pseudotsuga menziesii-Cornus 
nuttallii/Corylus cornuta] (Fites 1993) 

*82.200.04 Douglas-fir / Hazel / Trail Plant [Pseudotsuga menziesii/Corylus 
cornuta/Adenocaulon bicolor] (Fites 1993) 

*82.200.05 Douglas-fir - California Bay / Poison-oak [Pseudotsuga menziesii-
Umbellularia californica/Toxicodondron diversilobum] (Jimerson 1993) 

*82.200.06 Moved to Douglas-fir – Canyon live oak Alliance   
    *82.200.07 Moved to Douglas-fir - Canyon Live Oak Alliance   
    *82.200.08 Moved to Douglas-fir - Canyon Live Oak Alliance    
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    *82.200.09 Douglas-fir - Chinquapin / Bear-grass [Pseudotsuga menziesii-
Chrysolepis chrysophylla/Xerophyllum tenax] (Jimerson 1993) 

    *82.200.10 Douglas-fir - Chinquapin / Rhododendron - Little Oregon- grape 
[Pseudotsuga menziesii-Chrysolepis chrysophylla/Rhododendron spp.-
Berberis nervosa] (Jimerson 1993) 

    *82.200.11 Douglas-fir - Chinquapin / Rhododendron - Sadler Oak /Bear-grass 
[Pseudotsuga menziesii-Chrysolepis chrysophylla/Rhododendron spp.-
Quercus sadleriana/Xerophyllum tenax] (Jimerson 1993) 

    *82.200.12 Douglas-fir - Chinquapin - Tanoak [Pseudotsuga menziesii-Chrysolepis 
chrysophylla-Lithocarpus densiflora] (Jimerson 1993) 

    *82.200.13 Douglas-fir - Chinquapin - Tanoak / Little Oregon-grape [Pseudotsuga 
menziesii-Chrysolepis chrysophyllum-Lithocarpus densiflora/Berberis 
nervosa] (Jimerson 1993) 

    *82.200.14 Douglas-fir / Hazel [Pseudotsuga menziesii/Corylus cornuta] (Jimerson 
1993) 

    *82.200.15 Douglas-fir / Huckleberry Oak [Pseudotsuga meziesii/Quercus 
vaccinifolia] (Jimerson 1993, Sawyer et al. 1978a) 

    *82.200.16 Douglas-fir / Huckleberry Oak - Bush Tanoak [Pseudotsuga 
menziesii/Quercus vaccinifolia-Lithocarpus densiflora var.echinoides] 
(Jimerson 1993) 

    *82.200.17 Douglas-fir - Incense-Cedar / California Fescue [Pseudotsuga menziesii-
Calocedrus decurrens/Festuca californica] (Jimerson 1993) 

    *82.200.18 Douglas-fir / Yerba de Selva [Pseudotsuga menziesii/Whipplea modesta] 
(Jimerson 1993) 

    *82.200.19 Douglas-fir - Oregon White Oak / Grass [Pseudotsuga menziesii-Quercus 
garryana var. garryana/Grass] (Jimerson 1993) 

    *82.200.20 Douglas-fir / Vine Maple - Little Oregon-grape [Pseudotsuga 
menziesii/Acer circinatum-Berberis nervosa] (Jimerson 1993) 

    82.200.21 Douglas-fir - Bigleaf Maple / Sword Fern [Pseudotsuga menziesii-Acer 
macrophyllum/Polystichum munitum] (Jimerson 1993) 

    *82.200.22 moved to Port Orford-Cedar Alliance 
    *82.200.23 moved to Port Orford-Cedar alliance 
    *82.200.24 moved to Port Orford-Cedar alliance 
    *82.200.25 Moved to Red Fir Alliance 
    *82.200.26 Moved to White Fir Alliance 
    *82.200.27 moved to White Fir Alliance 
    *82.200.28 White Fir - Douglas-fir - Bigleaf Maple [Abies concolor-Pseudotsuga 

menziesii-Acer macrophyllum] (Jimerson 1993) 
    *82.200.29 White Fir - Douglas-fir - Black Oak [Abies concolor-Pseudotsuga 

menziesii-Quercus kelloggii] (Jimerson 1993) 
    *82.200.30 White Fir - Douglas-fir - Canyon Live Oak / White-veined Shinleaf 

[Abies concolor-Pseudotsuga menziesii-Quercus chrysolepis/Pyrola 
picta] (Jimerson 1993) 

    *82.200.31 White Fir - Douglas-fir - Canyon Live Oak [Abies concolor-Pseudotsuga 
menziesii-Quercus chrysolepis] (Jimerson 1993) 

    *82.200.32 White Fir - Douglas-fir - Canyon Live Oak / White-flower Hawkweed- 
Grass [Abies concolor-Pseudotsuga menziesii-Quercus 
chrysolepis/Hieracium albiflorum-Grass] (Jimerson 1993) 

    *82.200.33 White Fir - Douglas-fir - Canyon Live Oak / Little Oregon-grape [Abies 
concolor-Pseudotsuga menziesii-Quercus chrysolepis/Berberis nervosa] 
(Jimerson 1993) 

    *82.200.34 White Fir - Douglas-fir - Chinquapin / Little Oregon-grape / Vanilla Leaf 
[Abies concolor-Pseudotsuga menziesii-Chrysolepis 
chrysophylla/Berberis nervosa/Achlys triphylla] (Jimerson 1993) 

    82.200.35 Moved to White Fir alliance 
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    82.200.36 White Fir - Douglas-fir / Sadler Oak - Huckleberry Oak [Abies concolor-
Pseudotsuga menziesii/Quercus sadleriana-Quercus vaccinifolia] 
(Jimerson 1993) 

    82.200.37  White Fir - Douglas-fir / Sadler Oak - Pinemat Manzanita [Abies 
concolor-Pseudotsuga menziesii/Quercus sadleriana-Arctostaphylos 
nevadensis] (Jimerson 1993) 

    *82.200.38 White Fir - Douglas-fir / Grass [Abies concolor-Pseudostuga 
menziesii/Grass] (Jimerson 1993) 

    *82.200.39 White Fir - Douglas-fir / Hazel [Abies concolor-Pseudotsuga 
menziesii/Corylus cornuta] (Jimerson 1993) 

    82.200.40 White Fir - Douglas-fir / Huckleberry Oak [Abies concolor-Pseudotsuga 
menziesii/Quercus vaccinifolia] (Jimerson 1993) 

    *82.200.41 White Fir - Douglas-fir / Yerba de Selva [Abies concolor-Pseudotsuga 
menziesii/Whipplea modesta] (Jimerson 1993) 

    *82.200.42 White Fir - Douglas-fir / Rhododendron - Sadler Oak [Abies concolor-
Pseudotsuga menziesii/Rhododendron spp.-Quercus sadleriana] 
(Jimerson 1993) 

    *82.200.43 White Fir - Douglas-fir - Tanoak / Little Oregon-grape [Abies concolor-
Pseudotsuga menziesii-Lithocarpus densiflora/Berberis nervosa] 
(Jimerson 1993) 

    *82.200.44 White Fir - Douglas-fir / Thimbleberry [Abies concolor-Pseudotsuga 
menziesii/Rubus parviflorus] (Jimerson 1993) 

    *82.200.45 White Fir - Douglas-fir / Vine Maple [Abies concolor-Pseudotsuga 
menziesii/Acer circinatum] (Jimerson 1993) 

    *82.200.46 White Fir - Douglas-fir / Wild Rose / Twinflower [Abies concolor-
Pseudotsuga menziesii/Rosa gymnocarpa/Linnaea borealis] (Jimerson 
1993) 

    *82.200.47 Moved to White Fir alliance 
    *82.200.48 moved to Jeffrey Pine-fir alliance 
    *82.200.49 Douglas-fir / Vanilla Leaf [Pseudotsuga menziesii/Achlys triphylla] 

(Keeler-Wolf 1985a, 1987a, 1989b) 
    *82.200.50 Douglas-fir / Madrone [Pseudotsuga menziesii/Arbutus menziesii] 

(Laidlaw-Holmes 1981) 
    *82.200.51 Douglas-fir / Rattlesnake Plantain [Pseudotsuga menziesii/Goodyera 

oblongifolia] (Sawyer 1981a) 
    82.200.52 Douglas-fir / Huckleberry Oak [Pseudotsuga menziesii/Quercus 

vaccinifolia] (Sawyer et al. 1978) 
    82.200.53 Douglas-fir / Greenleaf Manzanita [Pseudotsuga 

menziesii/Arctostaphylos patula]  (Sawyer & Stillman 1977) 
    *82.200.54  Douglas-fir / Prince's-pine [Pseudotsuga menziesii/Chimaphlia 

umbellata] (Sawyer & Stillman 1977) 
    *82.200.55 Douglas-fir / Twinflower [Pseudotsuga menziesii/Linnaea borealis] 

(Sawyer & Stillman 1977) 
    *82.200.56 Douglas-fir / Hazel [Pseudotsuga menziesii/Corylus cornuta] (Simpson 

1980) 
    *82.200.57 Douglas-fir / Inside-out Flower [Pseudotsuga menziesii/Vancouveria 

planipetala] (Simpson 1980) 
    *82.200.58 Douglas-fir / Rhododendron [Pseudotsuga menziesii/Rhododendron spp.] 

(Simpson 1980) 
    *82.200.59 Douglas-fir / Salal [Pseudotsuga menziesii/Gaultheria shallon] (Simpson 

1980) 
    *82.200.60 Black Oak - Douglas-fir [Quercus kelloggii-Pseudotsuga menziesii] 

(Stuart et al. 1992) 
    *82.200.61 Douglas-fir [Pseudotsuga menziesii] (Stuart et al. 1992) 
    *82.200.62 Douglas-fir - Jeffrey Pine - Incense-cedar [Pseudotsuga menziesii-Pinus 

jeffreyi-Calocedrus decurrens] (Stuart et al. 1992) 
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    82.200.63 Douglas-fir - White Alder / Himalaya Berry [Pseudotsuga menziesii-
Abies concolor/Rubus discolor] (Stuart et al. 1992) 

    *82.200.64 Douglas-fir / Little Oregon-grape [Pseudotsuga menziesii/Berberis 
nervosa] (Taylor 1975a, b) 

    *82.200.65 Douglas-fir / Pacific Dogwood [Pseudotsuga menziesii/Cornus nuttallii] 
(Taylor & Teare 1979a) 

    *82.200.66 Douglas-fir - California Bay [Pseudotsuga menziesii-Umbellularia 
californica] (Wainwright & Barbour 1984) 

    *82.200.67 Coastal Douglas-fir-Western Hemlock Forest [Pseudotsuga menziesii-
Tsuga heterophylla] {82410} 

    82.200.68 Upland Douglas-fir forest [Pseudotsuga menziesii] {82420} 
    82.200.69 Douglas-fir - California Bay / Sword Fern [Pseudotsuga menziesii-

Umbellularia californica/Polystichum munitum] (Keeler-Wolf, et al. 
2001) 

    82.200.70 Douglas-fir - California Bay / California Coffeeberry [Pseudotsuga 
menziesii-Umbellularia californica/Rhamnus californicus] (Keeler-Wolf, 
et al. 2001) 

    82.200.71 Douglas-fir / Coast Live Oak [Pseudotsuga menziesii/Quercus agrifolia] 
(Keeler-Wolf, et al. 2001) 

    82.200.72 Douglas-fir / Coyote Brush [Pseudotsuga menziesii/Baccharis pilularis] 
(Keeler-Wolf, et al. 2001) 

    82.200.73 Douglas-fir - White Fir - Incense-cedar [Pseudotsuga menziesii-Abies 
concolor-Calocedrus decurrens] (Keeler-Wolf and Moore 2001) 

*82.200.74 Pseudotsuga menziesii/Quercus vaccinifolia - Rhododendron 
macrophyllum association (Jimerson 1993) 

*82.200.75 Pseudotsuga menziesii/Rhododendron macrophyllum association, 
(Simson 1980) 

 
   *82.300.00 Douglas-fir - Canyon Live Oak Forest [Pseudotsuga menziesii-Quercus 

chrysolepis]  
    *82.300.01 Douglas-fir - Canyon Live Oak / Sword Fern [Mixed Conifer-Quercus 

chrysolepis/Polystichum munitum] (Fites 1993) 
    *82.300.02 Douglas-fir - Canyon Live Oak - Madrone / Poison-oak [Pseudotsuga 

menziesii-Quercus chrysolepis-Arbutus menziesii/Toxicodendron 
diversilobum] (Jimerson 1993) 

    *82.300.03 Douglas-fir - Canyon Live Oak [Pseudotsuga menziesii-Quercus 
chrysolepis] (Taylor & Teare 1979a) 

   *82.300.04 Douglas-fir - Canyon Live Oak / Rockpile [Pseudotsuga menziesii-
Quercus chrysolepis/Rockpile] (Jimerson 1993) 

    *82.300.05 Douglas-fir - Canyon Live Oak - Tanoak [Pseudotsuga menziesii-
Quercus chrysolepis-Lithocarpus densiflora] (Jimerson 1993) 

 
 
   *82.400.00 Douglas-fir - Ponderosa Pine Forest [Pseudotsuga menziesii-Pinus ponderosa] 
    *82.400.01 Black Oak - Douglas-fir - Bigleaf Maple [Quercus kelloggii-Pseudotsuga 

menziesii-Acer macrophyllum] (Jimerson 1993) 
    *82.400.02 Douglas-fir - Ponderosa Pine - Incense-cedar [Pseudotsuga menziesii-

Pinus ponderosa-Calocedrus decurrens] (Stuart et al. 1992) 
    *82.400.03 Douglas-fir - Ponderosa Pine - Jeffrey Pine / One-sided Bluegrass 

[Pseudotsuga menziesii-Pinus ponderosa-Pinus jeffreyi/Poa secunda] 
(Smith 1994) 

    *82.400.04 Douglas-fir - Ponderosa Pine [Pseudotsuga menziesii-Pinus ponderosa] 
(Taylor & Teare 1979b) 

    82.400.05 Douglas-fir -Ponderosa pine -Incense-cedar  [Pseudotsuga menziesii-
Pinus ponderosa-Calocedrus decurrens] (Keeler-Wolf & Moore 2001) 

 
   82.500.00 Douglas-fir - Tanoak Forest [Pseudotsuga menziesii-Lithocarpus densiflora] 
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    *82.500.01 Douglas-fir - Tanoak / Prince's Pine [Pseudotsuga menziesii-Lithocarpus 
densiflora/Chimaphila umbellata] (Keeler-Wolf 1985a, 1987b, 1989b) 

    *82.500.02 Douglas-fir - Tanoak - Bigleaf Maple / Sword Fern [Pseudotsuga 
menziesii-Lithocarpus densiflora-Acer macrophyllum/Polystichum 
munitum] (Jimerson 1993) 

    *82.500.03 Douglas-fir - Tanoak - Black Oak / Wild Rose [Pseudotsuga menziesii-
Lithocarpus densiflora-Quercus kelloggii/Rosa gymnocarpa] (Jimerson 
1993) 

    82.500.04 Douglas-fir - Tanoak - California Bay / Poison-oak [Pseudotsuga 
menziesii-Lithocarpus densiflora-umbellularia 
californica/Toxicodendron diversilobum] (Jimerson 1993) 

    82.500.05 Douglas-fir - Tanoak - Canyon Live Oak - Black Oak /Poison-oak 
[Pseudotsuga menziesii-Lithocarpus densiflora-Quercus chrysolepis-
Quercus kelloggii/Toxicodendron diversilobum]  (Jimerson 1993) 

    82.500.06 Douglas-fir - Tanoak - Canyon Live Oak / Little Oregon-grape - Salal 
[Pseudotsuga menziesii-Lithocarpus densiflora-Quercus chrysolepis-
Berberis nervosa-Gaultheria shallon] (Jimerson 1993) 

    *82.500.07 Douglas-fir - Tanoak - Canyon Live Oak / Little Oregon-grape 
[Pseudotsuga menziesii-Lithocarpus densiflora/Berberis nervosa] 
(Jimerson 1993) 

    *82.500.08 Douglas-fir - Tanoak - Canyon Live Oak / Black Huckleberry 
[Pseudotsuga menziesii-Lithocarpus densiflora-Quercus 
chrysolepis/Vaccinium ovatum] (Jimerson 1993) 

    *82.500.09 Douglas-fir - Tanoak - Canyon Live Oak / Black Huckleberry - Salal 
[Pseudotsuga menziesii-Lithocarpus densiflora-Quercus 
chrysolepis/Vaccinium ovatum-Gaultheria shallon] (Jimerson 1993) 

    82.500.10 Douglas-fir - Tanoak - Canyon Live Oak / Poison-oak [Pseudotsuga 
menziesii-Lithocarpus densiflora-Quercus chrysolepis/Toxicodendron 
diversilobum] (Jimerson 1993) 

    82.500.11  Douglas-fir - Tanoak - Canyon Live Oak / Rockpile [Pseudotsuga 
menziesii-Lithocarpus densiflora-Quercus chrysolepis/Rockpile] 
(Jimerson 1993) 

    82.500.12  Douglas-fir - Tanoak - Chinquapin / Bracken [Pseudotsuga menziesii-
Lithocarpus densiflora-Chrysolepis chrysophylla/Pteridium aquilinum] 
(Jimerson 1993) 

    *82.500.13 Douglas-fir - Tanoak - Chinquapin / Little Oregon-grape [Pseudotsuga 
menziesii-Lithocarpus densiflora-Chrysolepis chrysophylla/Berberis 
nervosa] (Jimerson 1993) 

    *82.500.14 Douglas-fir - Tanoak - Chinquapin / Rhododendron / Beargrass 
[Pseudotsuga menziesii-Lithocarpus densiflora-Chrysolepis 
chrysophylla/Rhododendron spp./Xerophyllum tenax] (Jimerson 1993) 

    *82.500.15 Douglas-fir - Tanoak - Chinquapin / Rhododendron - Salal [Pseudotsuga 
menziesii-Lithocarpus densiflora-Chrysolepis 
chrysophylla/Rhododendron spp.-Gaultheria shallon] (Jimerson 1993) 

    *82.500.16 Douglas fir - Tanoak - Chinquapin / Salal [Pseudotsuga menziesii-
Lithocarpus densiflora-Chrysolepis chrysophylla/Gaultheria shallon] 
(Jimerson 1993) 

    *82.500.17 Douglas-fir - Tanoak / Little Oregon-grape [Pseudotsuga menziesii-
Lithocarpus densiflora/Berberis nervosa] (Thornburgh 1987, Jimerson 
1993) 

    *82.500.18 Douglas-fir - Tanoak / Little Oregon-grape - Salal [Pseudotsuga 
menziesii-Lithocarpus densiflora/Berberis nervosa-Gaultheria shallon] 
(Jimerson 1993) 

    *82.500.19 Douglas-fir - Tanoak / Black Huckleberry [Pseudotsuga menziesii-
Lithocarpus densiflora/Vaccinium ovatum] (Jimerson 1993) 
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    *82.500.20 Douglas-fir - Tanoak / Black Huckleberry - Salal [Pseudotsuga 
menziesii-Lithocarpus densiflora/Vaccinium ovatum-Gaultheria shallon] 
(Jimerson 1993) 

    *82.500.21 Douglas-fir - Tanoak / Hazel [Pseudotsuga menziesii-Lithocarpus 
densiflora/Corylus cornuta] (Jimerson 1993) 

    *82.500.22 Douglas-fir - Tanoak - Incense-cedar / California Fescue [Pseudotsuga 
menziesii-Lithocarpus densiflora-Calocedrus decurrens/Festuca 
californica] (Jimerson 1993) 

    *82.500.23 Douglas-fir - Tanoak / Poison-oak - Hairy Honeysuckle [Pseudotsuga 
menziesii-Lithocarpus densiflora/Toxicodendron diversilobum-Lonicera 
hispidula] (Jimerson 1993) 

    *82.500.24 Douglas-fir - Tanoak - Port Orford-cedar - California Bay /Black 
Huckleberry [Pseudotsuga menziesii-Lithocarpus densiflora-
Chamaecyparis lawsoniana-Umbellularia californica/Vaccinium 
ovatum] (Jimerson 1993) 

    *82.500.25 Douglas-fir - Tanoak - Port Orford-cedar / Little Oregon-grape / 
Twinflower [Pseudotsuga menziesii-Lithcarpus densiflora-
Chamaecyparis lawsoniana/Berberis nervosa/Linnaea borealis] 
(Jimerson 1993) 

    *82.500.26 Douglas-fir - Tanoak - Port Orford-cedar / Black Huckleberry 
[Pseudotsuga menziesii-Lithocarpus densiflora-Chamaecyparis 
lawsoniana/Vaccinium ovatum] (Jimerson 1993) 

    *82.500.27 Douglas-fir - Tanoak - Port Orford-cedar / Black Huckleberry - Western 
Azalea [Pseudotsuga menziesii-Lithocarpus densiflora-Chamaecyparis 
lawsoniana/Vaccinium ovatum-Rhododendron occidentalis] (Jimerson 
1993) 

    *82.500.28 Douglas-fir - Tanoak - Port Orford-cedar / Red Huckleberry 
[Pseudotsuga menziesii-Lithocarpus densiflora-Chamaecyparis 
lawsoniana/Vaccinium parvifolium] (Jimerson 1993) 

    *82.500.29 Douglas-fir - Tanoak - Port Orford-cedar / Salal [Pseudotsuga menziesii-
Lithocarpus densiflora-Chamaecyparis lawsoniana/Gaultheria shallon] 
(Jimerson 1993) 

    *82.500.30 Douglas-fir - Tanoak - Port Orford-cedar / Vine Maple [Pseudotsuga 
menziesii-Lithocarpus densiflora-Chamaecyparis lawsoniana/Acer 
circinatum] (Jimerson 1993) 

    *82.500.31 Douglas-fir - Tanoak - Port Orford-cedar - White Alder /Riparian 
[Pseudotsuga menziesii-Lithocarpus densiflora-Chamaecyparis 
lawsoniana-Alnus rhombifolia/Riparian] (Jimerson 1993) 

    *82.500.32 Douglas-fir - Tanoak / Rhododendron - Black Huckleberry [Pseudotsuga 
menziesii-Lithocarpus densiflora/Rhododendron spp.-Vaccinium ovatum] 
(Jimerson 1993) 

    *82.500.33 Douglas-fir - Tanoak / Rhododendron - Huckleberry Oak [Pseudotsuga 
menziesii-Lithocarpus densiflora/Rhododendron spp.-Quercus 
vaccinifolia] (Jimerson 1993) 

    *82.500.34 Douglas-fir - Tanoak / Rhododendron - Salal [Pseudotsuga menziesii-
Lithocarpus densiflora/Rhododenron spp.-Gaultheria shallon] (Jimerson 
1993) 

    *82.500.35 Douglas-fir - Tanoak / Salal [Pseudotsuga menziesii-Lithocarpus 
densiflora/Gaultheria shallon] (Jimerson 1993) 

    *82.500.36 Douglas-fir - Tanoak / Vine Maple [Pseudotsuga menziesii-Lithocarpus 
densiflora/Acer circinatum] (Jimerson 1993) 

    *82.500.37 Douglas-fir - Tanoak / Vine Maple - Salal [Pseudotsuga menziesii-
Lithocarpus densiflora/Acer circinatum-Gaultheria shallon] (Jimerson 
1993) 

    *82.500.38 Douglas-fir - Tanoak / Pacific Yew [Pseudotsuga menziesii-Lithocarpus 
densiflora/Taxus brevifolia] (Mize 1973) 
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    *82.500.39 Douglas-fir - Tanoak - Sugar Pine [Pseudotsuga menziesii-Lithocarpus 
densiflora-Pinus lambertiana] (1973) 

    *82.500.40 Douglas-fir - Tanoak / Vanilla Leaf [Pseudotsuga menziesii-Lithocarpus 
densiflora/Achlys triphylla] (Mize 1973) 

    *82.500.41 Douglas-fir - Tanoak / Black Huckleberry [Pseudotsuga menziesii-
Lithocarpus densiflora/Vaccinium ovatum] (Simpson 1980) 

    *82.500.42 Douglas-fir - Tanoak / Poison-oak [Pseudotsuga menziesii-Lithocarpus 
densiflora/Toxicodendron diversilobum] (Thornburgh 1987) 

    *82.500.43 Douglas-fir – Tanoak/Mountain Dogwood [Pseudotsuga menziesii –
Mixed conifer -Lithocarpus densiflora/Cornus nuttallii]  (Fites 1993) 

    *82.500.44 Douglas-fir – Tanoak/Iris [Pseudotsuga menziesii –Mixed conifer -
Lithocarpus densiflora/Iris spp.]  (Fites 1993) 

    *82.500.45 Douglas-fir – Tanoak/ Hazel [Pseudotsuga menziesii –Mixed Conifer – 
Lithocarpus densiflora/Corulus cornuta] (Fites 1993) 

 
    82.500.46 Pseudotsuga menziesii - Lithocarpus densiflorus/Quercus vaccinifolia- 

Holodiscus discolor association  (Jimerson 1993) 
 
   *82.600.00 Douglas-fir – Incense-cedar Forest [Pseudotsuga menziesii – Calocedrus 

decurrens] 
*82.600.01 Douglas-fir – Incense-cedar – California Bay/Poison Oak [Pseudotsuga 

menziesii- Calocedrus decurrens - Umbellularia californica/ 
Toxicodendron diversiloba association] (Jimerson 1993) 

*82.600.02   Douglas-fir – Incense-cedar /California Fescue [Pseudotsuga menziesii - 
Calocedrus decurrens/Festuca californica]  (Jimerson 1993) 

 
*82.600.03 Moved to 87.020.29. 
   
*82.600.04 Pseudotsuga menziesii - Calocedrus decurrens/Quercus vaccinifolia 

association (Jimerson 1993) 
 
*82.600.05 Duplicated 82.200.16 so removed. 
 
*82.600.06 Moved to 82.200.74. 
 
*82.600.07 Duplicated 82.200.15 so removed, but added reference name there. 
 
*82.600.08 Duplicated 82.200.51 so removed. 

 
*82.600.09 Moved to 82.200.75. 
 
*82.600.10 Duplicated 82.200.59 so removed. 
 
*82.600.11 Calocedrus decurrens - Pseudotsuga menziesii association (Stuart et al. 

1992):  
 
83.000.00 Coastal and Montane Spruce Forests [Picea spp.] 
 
   *83.100.00 Engelmann Spruce Forest [Picea engelmannii] 
 
   *83.200.00 Sitka Spruce Forest [Picea sitchensis] 
    *83.200.01 Sitka Spruce / False Lily-of-the valley [Picea sitchensis-Maianthemum 

dilatatum] (Imper & Sawyer 1987) 
    *83.200.02 Sitka Spruce / Salmonberry [Picea sitchensis/Rubus spectabilis] (Imper 

& Sawyer 1987) 
    *83.200.03 Sitka Spruce / Sword Fern [Picea sitchensis/Polystichum munitum] 

(Imper & Sawyer 1987) 
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    *83.200.04 Sitka Spruce - Western Hemlock [Picea sitchensis/Tsuga heterphylla] 
(Westman & Whittaker 1975) 

    *83.200.05 Sitka Spruce Forest {82110} 
 
   *83.300.00 Brewer Spruce Forest [Picea breweriana]  
 
 84.000.00 Coastal and Montane Hemlock Forests [Tsuga spp.] 
   84.100.00 Mountain Hemlock Forest [Tsuga mertensiana] 
    84.100.01 Mountain Hemlock / Cascade Heather [Tsuga mertensiana /Phyllodoce 

empetriformis] (Imper 1988a) 
    84.100.02 Mountain Hemlock / Parry Rush [Tsuga mertensiana/Juncus parryi] 

(Imper 1988a) 
    84.100.03 Mountain Hemlock / Sadler Oak [Tsuga mertensiana/Quercus 

sadleriana] (Jimerson 1993) 
    84.100.04 Mountain Hemlock [Tsuga mertensiana] (Potter 1994) 
    84.100.05 entry moved to 84.100.10 
    84.100.06 Mountain Hemlock / Dwarf Bilberry [Tsuga mertensiana/Vaccinium 

caespitosum] (Sawyer & Thornburgh 1977) 
    84.100.07 Mountain Hemlock / Huckleberry Oak [Tsuga mertensiana/Quercus 

vaccinifolia] (Sawyer & Thornburgh 1977) 
    84.100.08 Mountain Hemlock / White-veined Shinleaf [Tsuga mertensiana/Pyrola 

picta] (Sawyer & Thornburgh 1977) 
    84.100.09 Mountain Hemlock / Heartleaf Arnica [Tsuga mertensiana/Arnica 

cordifolia] (Taylor 1984) 
    84.100.10 Moutain Hemlock-Western White Pine / Broad-seeded Rock Cress 

[Tsuga mertensiana- Pinus monticola/Arabis platysperma] (Sensu. Potter 
1994 Tsuga mertensiana /Steep) (Keeler-Wolf and Moore 2001) 

  
    84.100.11 Mountain Hemlock - Lodgepole Pine -Western White Pine [Tsuga 

mertensiana-Pinus contorta var. murrayana-Pinus monticola] (Parker 
1988) 

    84.100.12 Mountain Hemlock - Lodgepole Pine / Mountain Heather [Tsuga 
mertensiana-Pinus contorta var. murrayana/Phyllodoce brewerii] 
(Keeler-Wolf and Moore 2001) 

    84.100.13 Mountain Hemlock - Lodgepole Pine / Ross Sedge [Tsuga mertensiana-
Pinus contorta var. murrayana/Carex rossii] (Keeler-Wolf and Moore 
2001) 

   
   *84.200.00 Western Hemlock Forest [Tsuga heterophylla] {82200} 
 
 85.000.00 Incense-cedar Forests [Calocedrus spp.] 
 
   *85.100.00 Incense-cedar Forest [Calocedrus decurrens] 
    *85.100.01 Incense-cedar / Twayblane [Calocedrus decurrens/Listera 

convallarioides] (Muldavin 1982) 
    *85.100.02 Incense-cedar - Douglas-fir [Calocedrus decurrens-Pseudotsuga 

menziesii] (Stuart et al. 1992) 
    85.100.03 Incense-cedar - White Alder [Calocedrus decurrens-Alnus rhombifolia] 

(Keeler-Wolf and Moore 2001) 
 
 86.000.00 Coastal and Montane Redwood Forests [Sequoia sempervirens] {82300} 
 
   *86.100.00 Redwood Forest [Sequoia sempervirens] 
    *86.100.01 Redwood - Bigleaf Maple / California Polypody / Gamboa [Sequoia 

sempervirens-Acer macrophylla/Polypodium californicum/Gamboa] 
(Borchert et al. 1988) 
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    *86.100.02 Redwood / Bracken - Chain Fern / Streamsides [Sequoia 
sempervirens/Pteridium aquilinum-Woodwardia fimbriata/Streamsides] 
(Borchert et al. 1988) 

    *86.100.03 Redwood / Bracken - Trillium / Gamboa - Sur [Sequoia 
sempervirens/Pteridium aquilinum-Trillium ovatum/Gamboa-Sur] 
(Borchert et al. 1988) 

    *86.100.04 Redwood / Gamboa - Sur [Sequoia sempervirens/Gamboa-Sur] (Borchert 
et al. 1988) 

    *86.100.05 Redwood / Man Root - Common Vetch / Gamboa - Sur [Sequoia 
sempervirens/Marah fabaceus-Vicia angustifolia/Gamboa-Sur] (Borchert 
et al. 1988) 

    *86.100.06 Redwood - Tanoak / Round-fruited Sedge - Douglas Iris /Gamboa 
[Sequoia sempervirens-Lithocarpus densiflora/Carex globosa-Iris 
douglasiana] (Borchert et al. 1988) 

    *86.100.07 Redwood / Deer Fern [Sequoia sempervirens/Blechnum spicant] 
(Lenihan 1990) 

    *86.100.08 Redwood / Little Oregon-grape [Sequoia sempervirens/Berberis nervosa] 
(Lenihan 1990) 

    *86.100.09 Redwood / Madrone [Sequoia sempervirens/Arbutus menziesii] (Lenihan  
1990) 

    *86.100.10 Redwood - Douglas-fir / Madrone [Sequoia sempervirens-Pseudotsuga 
menziesii/Arbutus menziesii] (Matthews 1986a, 1986b) 

    *86.100.11 Redwood - Douglas-fir / Salal [Sequoia sempervirens-Pseudotsuga 
menziesii/Gaultheria shallon] (Matthews 1986a, 1986b) 

    *86.100.12 Redwood - Douglas-fir / Black Huckleberry [Sequoia sempervirens-
Pseudotsuga menziesii/Vaccinium ovatum] (Matthews 1986a, 1986b) 

    *86.100.13 Redwood / Redwood Oxalis [Sequoia sempervirens/Oxalis oregana] 
(Matthews 1986a, 1986b) 

    *86.100.14 North Coast Alluvial Redwood Forest {61120} 
    86.100.15 Upland Redwood Forest {82320} 
    86.100.16 Redwood - Tanoak / Black Huckleberry [Sequoia sempervirens-

Lithocarpus densiflora/Vaccinium ovatum] (Keeler-Wolf, et al. 2001) 
    86.100.17 Redwood - Douglas-fir / California Bay [Sequoia sempervirens-

Pseudotsuga menziesii/Umbellularia californica] (Keeler-Wolf, et al. 
2001) 

 
   *86.200.00 Giant Sequoia Forest [Sequoiadendron giganteum] {84250} 
    86.200.01 Giant Sequoia - Sugar Pine / Pacific Dogwood [Sequoiadendron 

giganteum-Pinus lambertiana/Cornus nuttalii] (Keeler-Wolf and Moore 
2001) 

 
 87.000.00 Pine Forests and Woodlands [Pinus spp.] 
 
   87.010.00 Ponderosa Pine Forest and Woodland [Pinus ponderosa] 
    *87.010.01 Ponderosa Pine / Antelope Bitterbrush / Bolander Bedstraw [Pinus 

ponderosa/Purshia tridentata var. tridentata] (Fites 1993) 
    *87.010.02 Ponderosa Pine / Mountain Misery [Pinus ponderosa/Chamaebatia 

foliolosa] (Taylor & Randall 1977, Fites 1993) 
    *87.010.03 Ponderosa Pine / Greenleaf Manzanita - Mountain Misery [Pinus 

ponderosa/Arctostaphylos patula-Chamaebatia foliolosa] (Fites 1993) 
*87.010.04   Ponderosa Pine / Big Sagebrush [Pinus ponderosa/Artemisia tridentata]                      

(Keeler-Wolf 1984c) 
    *87.010.05 Ponderosa Pine / Antelope Bitterbrush [Pinus ponderosa/Purshia 

tridentata var. tridentata] (Keeler-Wolf 1984c, Vora 1988) 
    *87.010.06 Ponderosa Pine / California Brome [Pinus ponderosa/Bromus carinatus] 

(Keeler-Wolf 1984c) 
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    *87.010.07 Ponderosa Pine / Shrubby Bedstraw [Pinus ponderosa/Galium 
angustifolium] (Keeler-Wolf 1986e, 1988e) 

    *87.010.08 Ponderosa Pine/ Mahala Carpet [Pinus ponderosa/Ceanothus prostratus] 
(Sawyer & Thornburgh 1977) 

    *87.010.09 Ponderosa Pine / Wedgeleaf Ceanothus [Pinus ponderosa/Ceanothus 
cuneatus] (Simpson 1980) 

    *87.010.10 Ponderosa Pine / Antelope Bitterbrush / Arrowleaf Balsam Root [Pinus 
ponderosa/Purshia tridentata var. tridentata/Balsamorhiza sagittata] 
(Smith 1994) 

    *87.010.11 Ponderosa Pine / Antelope Bitterbrush - Choke Cherry /Orcutt Brome 
[Pinus ponderosa/Purshia tridentata var. tridentata] (Smith 1994) 

    *87.010.12 Ponderosa Pine / Antelope Bitterbrush / Columbia Needlegrass / Pumice 
[Pinus ponderosa/Purshia tridentata var. tridentata/Stipa 
nelsonii/Pumice] (Smith 1994) 

    *87.010.13 Ponderosa Pine / Antelope Bitterbrush - Greenleaf Manzanita / Columbia 
Needlegrass [Pinus ponderosa/Purshia tridentata var. tridentata-
Arctostaphylos patula/Stipa nelsonii] (Smith 1994) 

    *87.010.14 Ponderosa Pine / Antelope Bitterbrush - Tobacco Brush [Pinus 
ponderosa/Purshia tridentata var. tridentata-Ceanothus velutinus] 
(Smith 1994) 

    *87.010.15 Ponderosa Pine / Antelope Bitterbrush / Tower Butterweed/ Granite 
[Pinus ponderosa/Purshia tridentata var. tridentata/Senecio 
integerrimus/Granite] (Smith 1994) 

    *87.010.16 Ponderosa Pine / Antelope Bitterbrush - Wax Currant /Orcutt Brome 
[Pinus ponderosa/Purshia tridentata var.tridentata-Ribes 
cereum/Bromus orcuttii] (Smith 1994) 

    *87.010.17 Ponderosa Pine - Black Oak / Curlleaf Mountain-mahogany [Pinus 
ponderosa/quercus kelloggii/Cercocarpus ledifolius] (Smith 1994) 

    *87.010.18 Ponderosa Pine / Columbia Needlegrass [Pinus ponderosa/Stipa nelsonii] 
(Smith 1994) 

    *87.010.19 Ponderosa Pine / Curlleaf Mountain-mahogany - Antelope Bitterbrush / 
Idaho Fescue [Pinus ponderosa/Cercocarpus ledifolius-Purshia 
tridentata var. tridenata/Festuca idahoensis] (Smith 1994) 

    *87.010.20 Ponderosa Pine / Curlleaf Mountain-mahogany / Blue Wheatgrass [Pinus 
ponderosa/Cercocarpus ledifolius/Pseudoroegneria spicata] (Smith 
1994) 

    *87.010.21 Ponderosa Pine - Douglas-fir / Antelope Bitterbrush /Mule's Ears [Pinus 
ponderosa-Pseudotsuga menziesii/Purshia tridentata var. 
tridentata/Wyethia mollis] (Smith 1994) 

    *87.010.22 Ponderosa Pine - Interior Live Oak [Pinus ponderosa-Quercus wislizeni] 
(Smith 1994) 

    *87.010.23 Ponderosa Pine - Lodgepole Pine / Service Berry [Pinus ponderosa-
Pinus contorta ssp. murrayana/Amelanchier alnifolia] (Smith 1994) 

    *87.010.24 Ponderosa Pine / Mountain Big Sagebrush / Idaho Fescue [Pinus 
ponderosa/Artemisia tridentata var. vaseyana/Festuca idahoensis] 
(Smith 1994) 

    *87.010.25 Ponderosa Pine / Mountain Big Sagebrush - Antelope Bitterbrush [Pinus 
ponderosa/Artemisia tridentata var. vaseyana-Purshia tridentata var. 
tridentata] (Smith 1994) 

    *87.010.26 Ponderosa Pine / Service Berry - Choke Cherry [Pinus 
ponderosa/Amelanchier alnifolia-Prunus virginiana] (Smith 1994) 

    *87.010.27 Ponderosa Pine / Service Berry - Creeping Oregon-grape /Heartleaf 
Arnica [Pinus ponderosa/Amelanchier alnifolia-Berberis repens/Arnica 
cordifolia] (Smith 1994) 

    *87.010.28 Ponderosa Pine / Tobacco Bush / Columbia Needlegrass [Pinus 
ponderosa/Ceanothus velutinus/Stipa nelsonii] (Smith 1994) 
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    *87.010.29 Ponderosa Pine / Desert Snowberry [Pinus ponderosa/Symphoricarpos 
longiflorus] (Vora 1988) 

    *87.010.30 Ponderosa Pine - Canyon Live Oak [Pinus ponderosa-Quercus 
chrysolepis] (Waddell 1982) 

    *87.010.31 Maritime Coast Range Ponderosa Pine Forest {84132} 
    *87.010.32 Ponderosa Dune Forest {84221} 
    *87.010.33 Westside Ponderosa Pine Forest {84210} 
    *87.010.34 Eastside Ponderosa Pine Forest {84220} 
    87.010.35 Upland Coast Range Ponderosa Pine Forest {84131} 
    87.010.36 Ponderosa Pine / Whiteleaf Manzanita / Ripgut Brome [Pinus 

ponderosa/Arctostaphylos viscida/Bromus diandrus] (Keeler-Wolf and 
Moore 2001) 

  
   87.015.00 Ponderosa Pine - Incense Cedar Forest [Pinus ponderosa-Calocedrus decurrens] 

(Keeler-Wolf and Moore 2001) 
    
    87.015.02 Ponderosa Pine - Incense Cedar - Black Oak [Pinus ponderosa-

Calocedrus decurrens-Quercus kelloggii] (Keeler-Wolf and Moore 2001) 
    
    87.015.03 Ponderosa Pine - Incense Cedar / Mountain Misery [Pinus ponderosa-

Calocedrus decurrens/Chamaebatia foliosa] (Keeler-Wolf and Moore 
2001) 

    87.015.04 Ponderosa Pine - Incense Cedar-Canyon Oak / Mountain Misery [Pinus 
ponderosa-Calocedrus decurrens-Quercus chrysolepis/Chamaebatia 
foliosa] (Fites 1993, re-named Keeler-Wolf and Moore 2001) 

    87.015.05 Ponderosa Pine –Incense-cedar  /Huckleberry Oak [ Pinus ponderosa 
Mixed Conifer /Quercus vaccinifolia] (Fites 1993)  

    87.015.06 Ponderosa Pine - Incense Cedar - Canyon Live Oak / Bolander Bedstraw 
[Mixed Conifer-Quercus chrysolepis/Galium bolanderi] (Fites 1993) 

    87.015.07 Ponderosa pine- Incense Cedar/Bearclover/Bolander Bedstraw 
[Ponderosa pine-mixed conifer/Chamaebatia foliosa/Galium bolanderi] 
(Fites 1993) 

 
   87.020.00 Jeffrey Pine Forest and Woodland [Pinus jeffreyi] 
    87.020.01 Jeffrey Pine / Sadler Oak / Bear-grass [Pinus jeffreyi/Quercus 

sadleriana/Xerophyllum tenax] (Jimerson 1993) 
    *87.020.02 Jeffrey Pine - Douglas-fir / Huckleberry Oak / California Fescue [Pinus 

jeffreyi-Pseudotsuga menziesii/Quercus vaccinifolia/Festuca californica] 
(Jimerson 1993) 

    *87.020.03 Jeffrey Pine / Idaho Fescue [Pinus jeffreyi/Festuca idahoensis] 
(Duebendorfer 1987, Jimerson 1993) 

    87.020.04 Jeffrey Pine - Incense-cedar / Buckbrush [Pinus jeffreyi-Calocedrus 
decurrens/Ceanothus cuneatus] (Jimerson 1993) 

    87.020.05 Jeffrey Pine - Incense-cedar / Huckleberry Oak / Bear-grass [Pinus 
jeffreyi-Calocedrus decurrens/Quercus vaccinifolia/Xerophyllum tenax] 
(Jimerson 1993) 

    *87.020.06 moved to Jeffrey Pine-Fir alliance  
    87.020.07 Jeffrey Pine [Pinus jeffreyi]  (Potter 1994) 
    87.020.08 Jeffrey Pine / Huckleberry Oak [Pinus jeffreyi/Quercus vaccinifolia] 

(Potter 1994) 
    87.020.09 Jeffrey Pine / Greenleaf Manzanita [Pinus jeffreyi/Arctostaphylos patula] 

(Potter 1994) 
    87.020.10 Jeffrey Pine / Mountain Whitethorn [Pinus jeffreyi/Ceanothus 

cordulatus] (Potter 1994) 
    87.020.11 Jeffrey Pine / Tailed Lupine [Pinus jeffreyi/Lupinus caudatus] (Riegel et 

al. 1990) 
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    *87.020.12 Jeffrey Pine / Antelope Bitterbrush/ Mule's Ears [Pinus jeffreyi/Purshia 
tridentata var. tridentata/Wyethia mollis] (Smith 1994) 

    *87.020.13 Jeffrey Pine / Antelope Bitterbrush - Curlleaf Mountain-mahogany / 
Western Needlegrass [Pinus jeffreyi/Purshia tridentata var. 
tridentata/Cercocarpus ledifolius/Stipa occidentalis] (Smith 1994) 

    *87.020.14 Jeffrey Pine / Antelope Bitterbrush - Desert Snowberry / Wheeler 
Bluegrass [Pinus jeffreyi/Purshia tridentata var. tridentata-
Symphoricarpos longiflorus/Poa wheeleri] (Smith 1994) 

    *87.020.15 Jeffrey Pine - Black Oak / One-sided Bluegrass [Pinus jeffreyi-Quercus 
kelloggii/Poa secunda] (Smith 1994) 

    *87.020.16 Jeffrey Pine - Black Oak / Basket Bush [Pinus jeffreyi-Quercus 
kelloggii/Rhus trilobata] (Smith 1994) 

    *87.020.17 Jeffrey Pine / Curlleaf Mountain-mahogany [Pinus jeffreyi/Cercocarpus 
ledifolius] (Smith 1994) 

    *87.020.18 Jeffrey Pine / Desert Snowberry / Wheeler Bluegrass [Pinus 
jeffreyi/Symphoricarpos longiflorus/Poa wheeleri] (Smith 1994) 

    *87.020.19 Jeffrey Pine / Mountain Big Sagebrush / Idaho Fescue [Pinus 
jeffreyi/Artemisia tridentata var.vaseyana/Festuca idahoensis] (Smith 
1994) 

    *87.020.20 Jeffrey Pine / Bush Chinquapin [Pinus jeffreyi/Chrysolepis sempervirens] 
(Talley 1978) 

    *87.020.21 Jeffrey Pine / Antelope Bitterbrush [Pinus jeffreyi/Purshia tridentata var. 
tridentata] (Taylor 1980) 

    *87.020.22 Jeffrey Pine / Serpentine-Haplopappus [Pinus jeffreyi/Ericameria 
ophitidis] (Taylor & Teare 1979) 

    *87.020.23 Jeffrey Pine / Tufted Reedgrass [Pinus jeffreyi/Calamagrostis 
koelerioides] (Taylor & Teare 1979b) 

    87.020.24 Jeffrey Pine / Pinemat Manzanita [Pinus jeffreyi/Arctostaphylos 
nevadensis] (Waddell 1982) 

    87.020.25 Northern Ultramafic Jeffrey Pine Forest {84121} 
    87.020.26 Jeffrey Pine - Singleleaf Pinyon [Pinus jeffreyi-Pinus monophylla]                
      (Keeler-Wolf and Moore 2001)  
    87.020.27 Jeffrey Pine/Huckleberry Oak-Pinemat Manzanita/Idaho Fescue [Pinus 

jeffreyi/Quercus vaccinifolia-Arctostaphylos nevadensis/Festuca 
idahoensis] (Jimerson et al. 1995) 

    87.020.28 Jeffrey Pine-Incense-cedar/Siskiyou mat [Pinus jeffreyi-Calocedrus 
decurrens/Ceanothus pumila] (Jimerson et al. 1995) 

*87.020.29 Pseudotsuga menziesii - Pinus jeffreyi/Festuca californica association  
   (Jimerson et al. 1995) 

*87.020.30 Jeffrey Pine-Port Orford-cedar/Huckleberry Oak [Pinus jeffreyi- 
   Chamaecyparis lawsoniana/ Quercus vaccinifolia] (Jimerson et al. 1999) 

 
         
   *87.030.00 Parry Pinyon Woodland [Pinus quadrifolia] 
 
   87.040.00 Singleleaf Pinyon Woodland [Pinus monophylla] {72122} 
    87.040.01 Mojavean Pinyon Woodland {72210} 
    87.040.02 Singleleaf Pinyon / Big Sagebrush [Pinus monophylla/Artemisia 

tridentata]  (Keeler-Wolf and Thomas 2000) 
    87.040.03 Singleleaf Pinyon / Green Ephedra [Pinus monophylla/Ephedra viridis]  

(Keeler-Wolf and Thomas 2000) 
    87.040.04 Singleleaf Pinyon / Waxberry - Desert Gooseberry [Pinus  monophylla 

/Symphoricarpos rotundifolia-Ribes velutinum] (Keeler-Wolf and 
Thomas 2000) 

    87.040.05 Singleleaf Pinyon / Silk Tassle Bush [Pinus monophylla/Garrya 
flavescens] (Keeler-Wolf and Thomas 2000) 
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    87.040.06 Singleleaf Pinyon / Utah Juniper / Big Sagebrush - Blackbush [Pinus 
monophylla/Juniperus osteosperma/Artemisia tridentata-Coleogyne 
ramosissisima] (Keeler-Wolf and Thomas 2000) 

    87.040.07 Singleleaf Pinyon / Utah Juniper / Black Sagebrush [Pinus 
monophylla/Juniperus osteosperma/Artemisia nova] (Keeler-Wolf and 
Thomas 2000) 

    87.040.08 Singleleaf Pinyon / Muller Oak [Pinus monophylla/Quercus cornelius-
mulleri] (Keeler-Wolf 2000) 

    87.040.09 Singleleaf Pinyon / Muller Oak / California Fiddleleaf [Pinus 
monophylla/Quercus cornelius-mulleri/Nama californica] (Keeler-Wolf 
and Thomas 2000) 

    87.040.10 Singleleaf Pinyon / Desert Almond [Pinus monophylla/Prunus 
fasciculata] (Keeler-Wolf and Thomas 2000) 

    87.040.11 Singleleaf Pinyon / Desert Gooseberry [Pinus monophylla/Ribes 
velutinum] (Keeler-Wolf and Thomas 2000) 

    87.040.12 Singleleaf Pinyon / Curl-leaf Mountain Mahogany / Big Sagebrush - 
Antelope Bitterbrush [Pinus monophylla/Cercocarpus 
ledifolius/Artemisia tridentata-Purshia tridentata] (Keeler-Wolf and 
Thomas 2000) 

    87.040.13 Singleleaf Pinyon / Utah Juniper / Antelope Brush [Pinus 
monophylla/Juniperus osteosperma/Purshia mexicana] (Keeler-Wolf and 
Thomas 2000) 

 
   *87.050.00 Twoleaf Pinyon Unique Stands [Pinus edulis]  
 
   *87.060.00 Beach Pine Forest [Pinus contorta ssp. contorta] 
    *87.060.01 Beach Pine Forest {83110} 
 
   *87.070.00 Bishop Pine Forests [Pinus muricata] {83120} 
    87.070.01 Bishop Pine - Pacific Madrone / Black Huckleberry [Pinus muricata-

Arbutus menziesii/Vaccinium ovatum] (Keeler-Wolf, et al. 2001)  
 
   *87.071.00 Northern Bishop Pine Forest [Pinus spp.] {83121}  
    *87.071.01 Bishop Pine / Bear-grass [Pinus muricata/Xerophyllum tenax] (Westman 

& Whittaker 1975) 
    *87.071.02 Bishop Pine - Bolander Pine / Labrador-tea [Pinus muricata-Pinus 

contorta ssp. bolanderi] (Westman and Whittaker 1975) 
    *87.071.03 Bishop Pine - Bolander Pine / Rayless Arnica [Pinus muricata-Pinus 

contorta ssp. bolanderi/Arnica discoidea] (Westman & Whittaker 1975) 
    *87.071.04 Bishop Pine - Douglas-fir [Pinus muricata-Pseudotsuga menziesii] 

(Westman & Whittaker 1975) 
 
   *87.072.00 Southern Bishop Pine Forest [Pinus spp.] {83122} 
 
   87.080.00 Lodgepole Pine Forest and Woodland [Pinus contorta ssp. murrayana] {86100} 
    87.080.01 Lodgepole Pine [Pinus contorta ssp. murrayana] (Potter 1994) 
    87.080.02 Lodgepole Pine / Big Sagebrush [Pinus contorta ssp. 

murrayana/Artemisia tridentata] (Potter 1994) 
    87.080.03 Lodgepole Pine / Gray Lovage [Pinus contorta ssp. 

murrayana/Ligusticum grayi] (Potter 1994) 
    87.080.04 Lodgepole Pine / Open [Pinus contorta ssp. murrayana/Open] (Potter 

1994) 
    87.080.05 Lodgepole Pine / Pussypaws [Pinus contorta ssp. 

murrayana/Calyptridium monosperma] (Taylor 1980) 
    87.080.06 Lodgepole Pine / Ross Sedge [Pinus contorta ssp. murrayana/Carex 

rossii] (Taylor 1984) 
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    87.080.07 Lodgepole Pine / Fendler Meadow-rue [Pinus contorta ssp. 
murrayana/Thalictrum fendleri] (Taylor 1984) 

    87.080.08 Lodgepole Pine / Labrador-Tea [Pinus contorta ssp. murrayana/Ledum 
glandulosum] (Taylor 1984) 

    87.080.09 Lodgepole Pine / Western Blueberry [Pinus contorta ssp. 
murrayana/Vaccinium uliginosum] (Keeler-Wolf and Moore 2001) 

    87.080.10 Lodgepole Pine / Shorthair Sedge [Pinus contorta ssp. murrayana/Carex 
filifolia] (Keeler-Wolf and Moore 2001) 

    87.080.11 Lodgepole Pine - Whitebark Pine / Ross Sedge [Pinus contorta ssp. 
murrayana-Pinus albicaulis/Carex rossii] (Keeler-Wolf and Moore 
2001)     

    87.080.12 Lodgepole Pine / Mountain Pride Penstemon [Pinus contorta ssp. 
murrayana/Penstemon newberryi] (Keeler-Wolf and Moore 2001) 

 
   87.090.00 Coulter Pine Woodland [Pinus coulteri] {84140} 
     
   87.092.00 Coulter Pine / Eastwood Manzanita Woodland [Pinus coulteri/Arctostaphylos 

glandulosa] (Borchert, et al. 2000) 
 
   87.100.00 Knobcone Pine Forest and Woodland [Pinus attenuata] {83210} 
    87.100.01 Knobcone Pine / Hairy Manzanita [Pinus attenuata/Arctostaphylos 

columbiana] (Imper 1991a) 
    87.100.02 Knobcone Pine / Greenleaf Manzanita [Pinus attenuata/Arctostaphylos 

patula] (Imper 1991b) 
    87.100.03 Knobcone Pine / Huckleberry Oak [Pinus attenuata/Quercus 

vaccinifolia] (Taylor & Teare 1979a) 
    87.100.04 Knobcone Pine / Chamise [Pinus attenuata/Adenostoma fasciculata] 

(Keeler-Wolf and Moore 2001) 
    87.100.05 Knobcone Pine / Whiteleaf Manzanita [Pinus attenuata/Arctostaphylos 

viscida] (Keeler-Wolf and Moore 2001) 
 
 
   *87.110.00 Monterey Pine Forest[Pinus radiata] {83130} 
 
   *87.120.00 Washoe Pine Woodland [Pinus washoensis] {85220} 
    *87.120.01 Washoe Pine / Tailed Lupine [Pinus washoensis/Lupinus caudatus] 

(Riegel et al. 1990)* 
    *87.120.02 Washoe Pine / Desert Snowberry / Sticky Starwort [Pinus 

washoensis/Symphoricarpos longiflorus/Pseudostellaria jamesiana] 
(Smith 1994) 

    *87.120.03 Washoe Pine /  Pinemat Manzanita [Pinus washoensis/Arctostaphylos 
nevadensis] (Smith 1994) 

 
   87.130.00 Foothill Pine Woodland [Pinus sabiniana] {71300} 
    87.130.01 Serpentine Digger Pine Chaparral Woodland {71321} 
    87.130.02 Non-Serpentine Digger Pine Chaparral Woodland {71322} 
    87.130.03 Digger Pine-Oak Woodland {71410} 
    87.130.04 Foothill Pine - Interior Live Oak / Wedgeleaf Ceanothus [Pinus 

sabiniana-Quercus wislizeni/Ceanothus cuneatus] (Keeler-Wolf and 
Moore 2001) 

    87.130.05 Foothill Pine - Interior Live Oak / Whiteleaf Manzanita [Pinus 
sabiniana- Quercus wislizeni/Arctostaphylos viscida] (Keeler-Wolf and 
Moore 2001) 

 
   *87.140.00 Bristlecone Pine Woodland [Pinus longaeva] {86400} 
    *87.140.01 Bristlecone Pine [Pinus longaeva] (Taylor 1979) 
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    *87.140.02 Bristlecone Pine / Littleleaf Mountain-mahogany [Pinus 
longaeva/Cercocarpus intricatus] (Taylor 1979) 

 
   87.150.00 Foxtail Pine Woodland [Pinus balfouriana] {86300} 
    87.150.01 Sierra Foxtail Pine Forest [Pinus spp.] (Ball 1976) 
    87.150.02 Foxtail Pine Forest / Drummond Windflower [Pinus 

balfouriana/Anemone drummondii] (Whipple & Cope 1979) 
 
   87.160.00 Limber Pine Forest and Woodland [Pinus flexilis] {86700} 
    *87.160.01 Limber Pine / Curlleaf Mountain-mahogany [Pinus flexilis/Cercocarpus 

ledifolius] (Taylor 1979) 
 
   87.170.00 Western White Pine Woodland [Pinus monticola] 
    *87.170.01 Western White Pine / Bush Tanoak [Pinus monticola/Lithocarpus 

densiflora var. echinoides] (Duebendorfer 1987) 
    *87.170.02 Western White Pine / Ocean Spray [Pinus monticola/Holodiscus 

discolor] (Sawyer & Thornburgh 1977) 
    *87.170.03 Pine / Bear-grass [Pinus spp./Xerophyllum tenax] (Simpson 1980) 
    *87.170.04 Western White Pine / Angelica [Pinus monticola/Angelica arguta] 

(Whipple & Cope 1979) 
    *87.170.05 Ultramafic White Pine Forest {84160} 
    87.170.06 Western White Pine / Western Needlegrass [Pinus monticola/ 

Achnatherum occidentalis] (Keeler-Wolf and Moore 2001) 
    87.170.07 Western White Pine - Lodgepole Pine [Pinus monticola-Pinus contorta 

var. murrayana] (Keeler-Wolf and Moore 2001) 
    *87.170.08 Western White Pine –Del Norte Lodgepole Pine/Dwarf Tanbark-Pacific 
      Rhododendron [Pinus monticola-Pinus contorta ssp contorta/Lithocarpus 
      densiflorus ssp. echinoides] (Jimerson et al 1995) 
    *87.170.09 Western White Pine-Sugar Pine/Huckleberry Oak-Dwarf Tanbark [Pinus 
      monticola-Pinus lambertiana/Quercus vaccinifolia-Lithocarpus  
      densiflorus ssp. echinoides] (Jimerson et al. 1995) 
    *87.170.10 Western White Pine - Douglas-fir/Huckleberry Oak-Dwarf Tanbark  
      [Pinus monticola-Pseudotsuga menziesii/Quercus vaccinifolia-  
      Lithocarpus densiflorus ssp. echinoides] (Jimerson et al. 1995) 
 
 
   
   
   87.180.00 Whitebark Pine Woodland [Pinus albicaulis] {86600} 
    87.180.01 Whitebark Pine / California Needlegrass [Pinus albicaulis/Stipa 

californica] (Riegel et al. 1990) 
    87.180.02 Whitebark Pine / Slender Penstemon [Pinus albicaulis/Penstemon 

gracilentus] (Reigel et al. 1990) 
    87.180.03 Whitebark Pine / Woody Sandwort [Pinus albicaulis/Arenaria pumicola] 

(Reigel et al. 1990) 
    87.180.04 Whitebark Pine / Ocean Spray [Pinus albicaulis/Holodiscus discolor] 

(Sawyer & Thornburgh 1977) 
    87.180.05 Whitebark Pine / Wheeler Bluegrass [Pinus albicaulis/Poa wheeleri] 

(Taylor 1984) 
    87.180.06 Whitebark Pine / Davidson Penstemon [Pinus albicaulis/Penstemon 

davidsonii] (Taylor 1984) 
    87.180.07 Whitebark Pine - Mountain Hemlock [Pinus albicaulis/Tsuga 

mertensiana] (Keeler-Wolf and Moore 2001) 
    87.180.08 Whitebark Pine / Shorthair Sedge [Pinus albicaulis/Carex filifolia] 

(Keeler-Wolf and Moore 2001) 
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    87.180.09 Whitebark Pine / Ross Sedge [Pinus albicaulis/Carex rossii] (Keeler-
Wolf and Moore 2001)      
         

   *87.190.00 Torrey Pine Unique Stands [Pinus torreyana] {83140} 
 
   87.200.00 Jeffrey Pine - Ponderosa Pine Forest and Woodland [Pinus jeffreyi-Pinus 

ponderosa] 
    *87.200.01 Jeffrey Pine - Ponderosa Pine / Arrowleaf Balsam Root [Pinus jeffreyi-

Pinus ponderosa/Balsamorhiza sagittata] (Smith 1994) 
    *87.200.02 Jeffrey Pine - Ponderosa Pine / Antelope Bitterbrush /Idaho Fescue 

[Pinus jeffreyi-Pinus ponderosa/Purshia tridentata var. 
tridentata/Festuca idahoensis] (Smith 1994) 

    *87.200.03 Jeffrey Pine - Ponderosa Pine / Antelope Bitterbrush /Idaho Fescue / 
Granite [Pinus jeffreyi-Pinus ponderosa/Purshia tridentata var. 
tridentata/Festuca idahoensis/Granite] (Smith 1994) 

    *87.200.04 Jeffrey Pine - Ponderosa Pine / Modoc Coffeeberry / One-sided Bluegrass 
[Pinus jeffreyi-Pinus ponderosa/Rhamnus rubra/Poa secunda] (Smith 
1994) 

    *87.200.05 Jeffrey Pine - Ponderosa Pine / Huckleberry Oak [Pinus jeffreyi-Pinus 
ponderosa/Quercus vaccinifolia] (Smith 1994) 

    *87.200.06 Jeffrey Pine - Ponderosa Pine / Columbia Needlegrass / Oregon Ash 
[Pinus jeffreyi-Pinus ponderosa/Stipa nelsonii/Fraxinus latifolia] (Smith 
1994) 

    *87.200.07 Jeffrey Pine - Ponderosa Pine / Creeping Snowberry /Mule's Ears [Pinus 
jeffreyi-Pinus ponderosa/Symphoricarpos mollis/Wyethia mollis] (Smith 
1994) 

 
   87.205.00 Jeffrey Pine-White Fir Forest {85210} 
    87.205.01 Jeffrey Pine - Red Fir [Pinus jeffreyi-Abies magnifica] (Potter 1994) 
    87.205.02 Jeffrey Pine - White Fir / Big sagebrush/squirreltail[Pinus jeffreyi-Abies 

concolor/Artemisia tridentata/Elymus elymoides] (Keeler-Wolf and 
Moore 2001) 

87.205.03 Jeffrey Pine - White Fir - Red Fir [Pinus jeffreyi-Abies magnifica] (Potter 
1994) 

87.205.04 White Fir - Jeffrey Pine / California Fescue [Abies concolor-Pinus 
jeffreyi/Festuca californica] (Jimmerson 1993) 

87.205.05 Jeffrey Pine-White fir/Sadler oak [Pinus jeffreyi-Abies concolor/Quercus 
sadleriana] (Jimerson 1993) 

87.205.06 Jeffrey Pine - White Fir / Del Norte Iris [Pinus jeffreyi-Abies 
concolor/Iris innominata] (Jimerson 1993)    

  
87.206.00 Sugar Pine Forest and Woodland 
 

87.206.01 Sugar Pine/Chinquapin/Huckleberry Oak-Sadler Oak [Pinus 
lambertiana/Chrysolepis chrysophylla/Quercus vaccinifolia-Quercuys 
sadleriana] (Jimerson et al. 1995) 

87.206.02              Sugar Pine-Lodgepole Pine/Huckleberry oak-Dwarf Tanbark Oak [Pinus 
lambertiana-Pinus contorta/Quercus vaccinifolia-Lithocarpus densiflora 
var echinoides] (Jimerson et al. 1995) 

87.206.03              Sugar Pine-Lodgepole Pine/Huckleberry oak-Pacific Rhododendron 
[Pinus lambertiana-Pinus contorta/Quercus vaccinifolia-Rhododensron 
macrophyllum] (Jimerson et al. 1995) 

87.206.04              Sugar pine-Western White Pine/Huckleberry oak-Dwarf Silktassel [Pinus 
lambertiana-Pinus monticola/Quercus vaccinifolia-Garrya buxifolia] 
(Jimerson et al. 1995) 

 
   87.210.00 Coulter Pine - Canyon Live Oak Woodland [Pinus coulteri-Quercus chrysolepis] 



 

 
Version 9/6/2003 68
 

 
   87.220.00 Mixed Subalpine Forest [Pinus spp.] 
    87.220.01 Whitebark Pine Mountain Hemlock Forest {86210} 
 
   87.221.00 Southern California Subalpine Forest {86500} 
 
   *87.230.00 San Benito Unique Stands  
 
 88.000.00 Forest and Woodland dominated by Fir [Abies spp.] 
 
   *88.100.00 Grand Fir Forest [Abies grandis] 
    *88.100.01 Grand Fir Forest {82120} 
 
   88.200.00 Red Fir Forest [Abies magnifica var. magnifica] {85310} 
    88.200.01  Shasta Fir / Sadler Oak [Abies magnifica var. shastensis/Quercus 

sadleriana] (Imper 1988a) 
    *88.200.02 Shasta Fir / Thinleaf Huckleberry [Abies magnifica var. 

shastensis/Vaccinium membranaceum] (Imper 1988a) 
    88.200.03 Shasta Fir / Vanilla Leaf [Abies magnifica var.shastensis/Achlys 

triphylla] (Imper 1988a) 
    88.200.04 Shasta Fir / Pinemat Manzanita [Abies magnifica var. 

shastensis/Arctostaphylos nevadensis] (Imper 1988b) 
    88.200.05 Shasta Fir / Prince's-pine [Abies magnifica var. shastensis/Chimaphila 

umbellata] (Sawyer & Thornburgh 1977, Imper 1988b) 
    88.200.06 Shasta Fir / Slender Penstemon [Abies magnifica var. 

shastensis/Penstemon gracilentus] (Imper 1988b) 
    *88.200.07 Port Orford-cedar - Red Fir / Sadler Oak - Thinleaf Huckleberry 

[Chamaecyparis lawsoniana-Abies magnifica var.magnifica/Quercus 
sadleriana-Vaccinium membranaceum] (Jimerson 1993) 

    88.200.08 Red Fir / Sadler Oak [Abies magnifica var.magnifica/Quercus sadleriana] 
(Jimerson 1993) 

    88.200.09 Red Fir / Sadler Oak - Pinemat Manzanita [Abies magnifica var. 
magnifica/Quercus sadleriana-Arctostaphylos nevadensis] (Jimerson 
1993) 

    *88.200.10 Red Fir - Incense-cedar [Abies magnifica var.magnifica-Calocedrus 
decurrens] (Jimerson 1993) 

    88.200.11 Red Fir / One-sided Shinleaf [Abies magnifica var. magnifica/Orthilia 
secunda] (Jimerson 1993) 

    *88.200.12 Red Fir / Rhododendron [Abies magnifica var. magnifica /Rhododendron 
spp.] (Jimerson 1993) 

    88.200.13 Red Fir / White-veined Shinleaf [Abies magnifica var. magnifica /Pyrola 
picta] (Jimerson 1993) 

    *88.200.14 Red Fir - Brewer Spruce / Sadler Oak -Thinleaf Huckleberry [Abies 
magnifica var. magnifica-Picea breweriana/Quercus sadleriana-
Vaccinium membranaceum] (Jimerson 1993) 

    88.200.15 Red Fir -Mountain Hemlock / One-sided Shinleaf [Abies magnifica var. 
magnifica-Tsuga mertensiana/Orthilia secunda] (Jimerson 1993) 

    88.200.16 entry moved to 88.520.02 
    88.200.17 entry moved to 88.520.03 
    88.200.18 entry moved to 88.520.04 
    88.200.19 entry moved to 88.520.05 
    88.200.20 entry moved to 88.520.06 
    88.200.21 entry moved to 88.520.07 
    88.200.22 entry moved to 88.520.08 
    88.200.23 Red Fir [Abies magnifica var. magnifica] (Potter 1994) 
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    88.200.24 Red Fir / Lodgepole Pine / Whiteflower Hawkweed [Abies magnifica var. 
magnifica/Pinus contorta ssp. murrayana/Hieracium albiflorum] (Potter 
1994) 

    88.200.25 Red Fir / Lodgepole Pine [Abies magnifica var. magnifica/Pinus contorta 
ssp. murrayana] (Potter 1994) 

    88.200.26 Red Fir / Mule's Ears [Abies magnifica var. magnifica/Wyethia mollis] 
(Potter 1994) 

    88.200.27 Red Fir / Pinemat Manzanita [Abies magnifica var. 
magnifica/Arctostaphylos nevadensis] (Potter 1994) 

    88.200.28 Red Fir / Western White Pine / Pinemat Manzanita [Abies magnifica var. 
magnifica/Pinus monticola/Arctostaphylos nevadensis] (Potter 1994) 

    88.200.29 Red Fir - Western White Pine - Lodgepole Pine [Abies magnifica var. 
magnifica-Pinus monticola-Pinus contorta ssp. murrayana] (Potter 1994) 

    88.200.30 Red Fir - Western White Pine [Abies magnifica var. magnifica-Pinus 
monticola] (Potter 1994) 

    88.200.31 Red Fir / Western White Pine / Bush Chinquapin [Abies magnifica var. 
magnifica/Pinus monticola/Chrysolepis sempervirens] (Potter 1994) 

    88.200.32 entry moved to 88.520.01 
    88.200.33 entry moved to 88.520.09 
    88.200.34 entry moved to 88.510.02 
    88.200.35 Shasta Fir / Black-laurel [Abies magnifica var. shastensis/Leucothoe 

davisiae] (Sawyer & Thornburgh 1977) 
    88.200.36 Shasta Fir / Huckleberry Oak [Abies magnifica var. shastensis /Quercus 

vaccinifolia] (Sawyer & Thornburgh 1977) 
    88.200.37 Shasta Fir / Twinflower [Abies magnifica var. shastensis/Linnaea 

borealis] (Sawyer & Thornburgh 1977) 
    88.200.38 Shasta Fir / White-veined Shinleaf [Abies magnifica var. 

shastensis/Pyrola picta] (Sawyer & Thornburgh 1977) 
    88.200.39 Shasta Fir / Pinemat Manzanita [Abies magnifica var. 

shastensis/Arctostaphylos nevadensis] (Simpson 1980) 
    88.200.40 Shasta Fir / Sadler Oak [Abies magnifica var. shastensis/Quercus 

sadleriana] (Simpson 1980) 
    88.200.41 Red Fir / Silver Bush Lupine [Abies magnifica var. magnifica/Lupinus 

albifrons] (Waddell 1982) 
    88.200.42 Red Fir / White-veined Shinleaf [Abies magnifica var. magnifica/Pyrola 

picta] (Waddell 1982) 
 
   *88.300.00 Santa Lucia Fir Woodland [Abies bracteata] {84120} 
    88.300.01 Santa Lucia Fir / Santa Lucia Bedstraw [Abies bracteata/Galium 

clementis] (NDDB) 
    88.300.02 Santa Lucia Fir / Sword Fern [Abies bracteata/Polystichum munitum] 
 
   *88.400.00 Subalpine Fir Forest [Abies lasiocarpa] 
 
   88.500.00 White Fir Forest [Abies concolor] {85320} 

   88.500.01 White Fir / Bush Chinquapin [Abies concolor/Chrysolepis sempervirens] 
(Fites 1993) 

88.500.02 White Fir / Creeping Snowberry / Kelloggia [Abies 
concolor/Symphoricarpos mollis/Kelloggia galioides] (Fites 1993) 

88.500.03 White Fir - Pacific Dogwood / Bush Chinquapin [Abies concolor-Cornus 
nuttallii/Chrysolepis sempervirens] (Fites 1993) 

88.500.04 White Fir - Pacific Dogwood / Hazel [Abies concolor-Cornus 
nuttallii/Corylus cornuta] (Fites 1993) 

88.500.05 White Fir - Pacific Dogwood / Trail Plant [Abies concolor-Cornus 
nuttallii] (Fites 1993) 

    88.500.06 White Fir / Ross Sedge [Abies concolor/Carex rossii] (Fites 1993) 
    88.500.07 entry moved to 88.510.03 
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    88.500.08 White Fir / Trail Plant [Abies concolor/Adenocaulon bicolor] (Fites 1993) 
    *88.500.09 White Fir / Vine Maple - Bush Chinquapin [Abies concolor/Acer 

circinatum-Chrysolepis sempervirens] (Fites 1993) 
88.500.10 White Fir / Pinemat Manzanita [Abies concolor/Arctostaphylos 

nevadensis] (Imper 1988a) 
88.500.11 White Fir / Prince's-pine [Abies concolor/Chimaphila umbellata] (Sawyer 

& Thornburgh 1977b, Imper 1988a) 
    88.500.12 White Fir / Vanilla Leaf [Abies concolor/Achlys triphylla] (Imper 1988a) 
    *88.500.13 moved to Port Orford Cedar Alliance 
    88.500.14 entry moved to 88.520.11 
    88.500.15 entry moved to 88.520.12 
    88.500.16 entry moved to 88.520.13 
    88.500.17 White Fir / Heartleaf Arnica [Abies concolor/Arnica ordifolia] (Jimerson 

1993) 
88.500.18 White Fir / Creeping Snowberry [Abies concolor/Symphoricarpos mollis] 

(Jimerson 1993) 
88.500.19 White Fir - Douglas-fir / Bear-grass [Abies concolor-Pseudotsuga 

menziesii/Xerophyllum tenax] (Jimerson 1993) 
88.500.20 White Fir - Douglas-fir / Bigleaf Maple [Abies concolor-Pseduotsuga 

menziesii/Acer macrophyllum] (Jimerson 1993) 
88.500.21 White Fir - Douglas-fir / Heartleaf Arnica [Abies concolor-Pseudotsuga 

menziesii/Arnica cordifolia] (Jimerson 1993) 
88.500.22 Moved to Douglas-fir alliance 
88.500.23 White Fir - Douglas-fir / Sadler Oak [Abies concolor-Pseudotsuga 

menziesii/Quercus sadleriana] (Jimerson 1993) 
88.500.24 Moved to Douglas-fir alliance 
88.500.25 White Fir - Douglas-fir / Mountain Maple [Abies concolor-Pseudotsuga 

menziesii/Acer glabrum] (Jimerson 1993) 
*88.500.26 moved to Douglas-fir alliance 
88.500.27 White Fir - Douglas-fir / Vanilla Leaf [Abies concolor-Pseudotsuga 

menziesii/Achlys triphylla] (Jimerson 1993) 
88.500.28 White Fir - Douglas-fir / Wild rose - Creeping Snowberry [Abies 

concolor-Pseudotsuga menziesii/Rosa gymnocarpa-Symphoricarpos 
mollis] (Jimerson 1993) 

88.500.29 White Fir - Incense-cedar - Black Oak [Abies concolor-Calocedrus 
decurrens-Quercus kelloggii] (Jimerson 1993) 

88.500.30 White Fir - Incense-cedar / Creeping Snowberry [Abies concolor-
Calocedrus decurrens/Symphoricarpos mollis] (Jimerson 1993) 

88.500.31 White Fir - Incense-cedar / White-veined Shinleaf [Abies concolor-
Calocedrus decurrens/Pyrola picta] (Jimerson 1993) 

88.500.32 White Fir / Little Prince's-pine - White-veined Shinleaf [Abies 
concolor/Chimaphila menziesii-Pyrola picta] (Jimerson 1993) 

88.500.33 White Fir / Serviceberry [Abies concolor/Amelanchier alnifolia] 
(Jimerson 1993) 

88.500.34 White Fir / Wild Rose [Abies concolor/Rosa gymnocarpa] (Jimerson 
1993) 

88.500.35 White Fir / Wild Rose - Creeping Snowberry [Abies concolor/Rosa 
gymnocarpa-Symphoricarpos mollis] (Jimerson 1993) 

88.500.36 White Fir - Brewer Spruce / Sadler Oak - Thinleaf Huckleberry [Abies 
concolor-Picea breweriana/Quercus sadleriana-Vaccinium 
membranaceum] (Jimerson 1993) 

*88.500.37 White Fir - Chinquapin [Abies concolor-Chryoslepis chrysophylla] 
(Jimerson 1993) 

*88.500.38 White Fir - Chinquapin - Sugar Pine / Prince’s-pine [Abies concolor-
Chrysolepis chrysophylla-Pinus lambertiana/chimaphila umbellata] 
(Jimerson 1993) 
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88.500.39 White Fir - Douglas-fir / Alaska Oniongrass [Abies concolor-
Pseudotsuga menziesii/Melica subulata] (Jimerson 1993) 

88.500.40 Moved to Douglas-fir alliance 
88.500.41 Moved to Douglas-fir alliance 
88.500.42 Moved to Douglas-fir alliance 
88.500.43 Moved to Douglas-fir alliance 
88.500.44 Moved to Douglas-fir alliance 
88.500.45 White Fir - Douglas-fir / Wild Rose - Twinflower - Creeping Snowberry 

[Abies concolor-Pseudotsuga menziesii/Rosa gymnocarpa-Linnaea 
borealis-Symphoricarpos mollis] (Jimerson 1993) 

88.500.46 White Fir - Douglas-fir / Wild Rose - Twinflower [Abies concolor-
Pseudotsuga menziesii/Rosa gymnocarpa-Linnaea borealis] (Jimerson 
1993) 

    88.500.47 entry moved to 88.520.14 
    88.500.48 entry moved to 88.520.15 
    88.500.49 entry moved to 88.520.16 
    88.500.50 White Fir / Huckleberry Oak [Abies concolor/Quercus vaccinifolia] 

(Laidlaw-Holmes 1981) 
88.500.51 White Fir / Bracken [Abies concolor/Pteridium aquilinum] (Sawyer 

1981b) 
    88.500.52 White Fir / Sadler Oak [Abies concolor/Quercus sadleriana] (Sawyer 

1981b) 
    88.500.53 White Fir / American Vetch [Abies concolor/Vicia americana] (Sawyer 

& Thornburgh 1977) 
    88.500.54 White Fir / Little Oregon-grape [Abies concolor/Berberis nervosa] 

(Sawyer & Thornburg 1977) 
    88.500.55 White Fir / Prince's-pine [Abies concolor/Chimaphila umbellata] (Sawyer 

& Thornburgh 1977) 
    88.500.56 White Fir / Mahala Carpet [Abies concolor/Ceanothus prostratus] 

(Sawyer & Thornburgh 1977) 
    88.500.57 White Fir / Trillium [Abies concolor/Trillium ovatum] (Sawyer & 

Thornburgh 1977) 
    88.500.58 White Fir / Bitter Cherry [Abies concolor/Prunus emarginata] (Taylor & 

Randall 1977) 
    88.500.59 White Fir / Rattlesnake-plantain [Abies concolor/Goodyera oblongifolia] 

(Taylor & Randall 1977) 
    88.500.60 White Fir / Mountain Maple [Abies concolor/Acer glabrum] (Taylor & 

Teare 1979b) 
    88.500.61 White Fir / Sticky Starwort [Abies concolor/Pseudostellaria jamesiana] 

(Waddell 1982) 
    88.500.62 White Fir / White-veined Shinleaf [Abies concolor/Pyrola picta] 

(Waddell 1982) 
    *88.500.63 Desert Mountain White Fir Forest  
    88.500.64 Sierran White Fir Forest {84240} 
    88.500.65 Southern California White Fir Forest {85320} 
    88.500.66 White Fir / Mountain Whitehorn [Abies concolor/Ceanothus cordulatus] 

(Keeler-Wolf and Moore 2001) 
 
   88.510.00 White Fir - Sugar Pine Forest [Abies concolor-Pinus lambertiana] (Keeler-Wolf 

and Moore 2001) 
   88.510.01 White Fir - Sugar Pine [Abies concolor-Pinus lambertiana] (Keeler-Wolf 

and Moore 2001) 
   88.510.02 White Fir - Sugar Pine - Red Fir [Abies concolor-Pinus lambertiana-

Abies magnifica var. magnifica] (Potter 1994) 
   88.510.03 White Fir - Sugar pine / False solomon's seal - Hooker fairybells [Abies 

concolor-Pinus lambertiana/Smilacina racemosa-Disporum hookeri] 
(Fites 1993) 
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   88.510.04 White Fir - Sugar Pine - Jeffrey Pine [Abies concolor-Pinus lambertiana-
Pinus jeffreyi] (Keeler-Wolf and Moore 2001) 

   88.510.05 White Fir - Sugar Pine - Incense Cedar / Pacific Dogwood / California 
Hazel [Abies concolor-Pinus lambertiana-Calocedrus decurrens/Cornus 
nuttallii/ Corylus cornuta var. californica] (Keeler-Wolf and Moore 
2001) 

   88.510.06 White Fir - Sugar Pine - Incense Cedar / Trail Plant [Abies concolor-
Pinus lambertiana-Calocedrus decurrens/Adenocaulon bicolor] (Sensu. 
Fites 1993 Abies concolor-Mixed Conifer/Adenocaulon bicolor) (Keeler-
Wolf and Moore 2001) 

   88.510.07 White Fir - Sugar Pine - Incense Cedar / Bush Chinquapin / Multi-
stemmed Sedge [Abies concolor-Pinus lambertiana-Calocedrus 
decurrens/Chrysolepis sempervirens/Carex multicaulis] (Sensu. Fites 
1993 Abies concolor-Mixed Conifer/Chrysolepis sempervirens) (Keeler-
Wolf and Moore 2001) 

   88.510.08 White Fir - Sugar Pine - Incense Cedar / Creeping Snowberry / Kelloggia 
[Abies concolor-Pinus lambertiana-Calocedrus 
decurrens/Symphoricarpos mollis/Kelloggia galioides] (Sensu. Fites 1993 
Abies concolor-Mixed Conifer/Symphoricarpos mollis/Kelloggia 
galioides) (Keeler-Wolf and Moore 2001) 

 
   88.520.00 Red Fir - White Fir Forest [Abies magnifica var. magnifica-Abies concolor] 

(Parker 1984, Parker 1982) 
   88.520.01 Red Fir - White Fir [Abies magnifica var. magnifica-Abies concolor] 

(Potter 1994) 
   88.520.02 Red Fir - White Fir / Bracken [Abies magnifica var. magnifica-Abies 

concolor/Pteridium aquilinum] (Jimerson 1993) 
   88.520.03 Red Fir - White Fir / Heartleaf Arnica [Abies magnifica var. magnifica-

Abies  concolor/Arnica cordifolia] (Jimerson 1993) 
   88.520.04 Red Fir - White Fir / Creeping Snowberry / White-veined Shinleaf [Abies 

magnifica var. magnifica-Abies concolor/Symphoricarpos mollis/Pyrola 
picta] (Jimerson 1993) 

   88.520.05 Red Fir - White Fir / Creeping Snowberry - Wild Rose [Abies magnifica 
var. magnifica-Abies concolor/Syphoricarpos mollis-Rosa gymnocarpa] 
(Jimerson 1993) 

   88.520.06 Red Fir - White Fir / Sadler Oak [Abies magnifica var. magnifica-Abies 
concolor/Quercus sadleriana] (Jimerson 1993) 

   88.520.07 Red Fir - White Fir / Pinemat Manzanita [Abies magnifica var. magnifica-
Abies concolor/Arctostaphylos nevadensis] (Jimerson 1993) 

   88.520.08 Red Fir - White Fir / Vanilla Leaf [Abies magnifica var. magnifica-Abies 
concolor/Achlys triphylla] (Jimerson 1993)  

   88.520.09 Red Fir - White Fir - Jeffrey Pine [Abies magnifica var. magnifica-Abies 
concolor-Pinus jeffreyi] (Potter 1994) 

   88.520.10 Red Fir - White Fir - Sugar Pine [Abies magnifica var. magnifica-Abies 
concolor/Pinus lambertiana] (Potter 1994) 

   88.520.11 Shasta Fir - White Fir / Mountain Maple [Abies magnifica var. shastensis-
Abies concolor/Acer glabrum] (Jimerson 1993) 

   88.520.12 Shasta Fir - White Fir / Pinemat Manzanita [Abies magnifica var. 
shastensis-Abies concolor/Arctostaphylos nevadensis] (Jimerson 1993) 

   88.520.13 Shasta Fir - White Fir / Trail Penstemon - Mountain Monardella [Abies 
magnifica var. shastensis-Abies concolor/Penstemon anguineus-
Monardella odoratissima] (Jimerson 1993) 

   88.520.14 White Fir - Shasta Fir / Sadler Oak [Abies concolor-Abies magnifica var. 
shastensis/Quercus sadleriana] (Jimerson 1993) 

   88.520.15 White Fir - Shasta Fir / White-veined Shinleaf [Abies concolor-Abies 
magnifica var. shastensis/Pyrola picta] (Jimerson 1993) 
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   88.520.16 White Fir - Shasta Fir / Threeleaf Anemone [Abies concolor-Abies 
magnifica var. shastensis/Anemone deltoidea] (Jimerson 1993) 

 
 88.600.00 Mixed Conifer Forest {84230} 

    *88.600.01 Mixed Conifer / Bolander Bedstraw - Milkwort [Mixed Conifer/Galium 
bolanderi-Polygala cornuta] (Fites 1993) 

    88.600.02 Mixed Conifer / Huckleberry Oak [Mixed Conifer/Quercus vaccinifolia] 
(Fites 1993) 

    88.600.03 Mixed Conifer / Rosy Everlasting - Naked-stemmed Buckwheat [Mixed 
Conifer/Antennaria rosea-Eriogonum latifolium] (Fites 1993) 

    88.600.04 Mixed Conifer / Service Berry [Mixed Conifer/Amelanchier alnifolia] 
(Fites 1993) 

    88.600.05 moved to Ponderosa pine- Incense cedar alliance   
    *88.600.06 Mixed Conifer / Starflower [Mixed Conifer/Trientalis latifolia] (Fites 

1993) 
    88.600.07 Mixed Conifer - Canyon Live Oak / Hazel [Mixed Conifer-Quercus 

chrysolepis/Corylus cornuta] (Fites 1993)?? 
88.600.08 moved to Ponderosa pine – Incense-cedar alliance   

  
88.600.09 moved to Ponderosa pine – Incense-cedar alliance 

    88.600.10 Moved to Douglas-fir – Canyon live oak Alliance  
    *88.600.11 Mixed Conifer – Tanoak / Mountain Dogwood [Mixed Conifer-Quercus 

chrysolepis/Cornus nuttallii] (Fites 1993) 
    *88.600.12 Moved to White fir - Sugar Pine Alliance    
    88.600.13 Mixed Conifer / Little Oregon-grape [Mixed Conifer/Berberis nervosa] 

(Sawyer & Thornburgh 1977) 
    88.600.14 Mixed Conifer / Mahala Carpet [Mixed Conifer/Ceanothus prostratus] 

(Sawyer & Thornburgh 1977)  
    88.600.15 Southern Ultramafic Mixed Coniferous Forest {84182} 
    88.600.16 Coast Range Mixed Coniferous Forest {84110} 
    88.600.17 Ultramafic Mixed Coniferous Forest {84180} 
    88.600.18 Sierran Mixed Coniferous Forest {84230} 
 
   *88.700.00 Klamath Enriched Conifer Unique Stands {85400}{85410}{85420} 
 
   *88.800.00 Pacific Silver Fir Unique Stands [Abies amabilis] 
 
 89.000.00 Juniper Woodlands [Juniperus spp.] 
 
   89.100.00 California Juniper Woodland and Scrub [Juniperus californica] 
    *89.100.01 Juniper - Oak Cismontane Woodland {71430} 
    *89.100.02 Cismontane Juniper Woodland & Scrub {72400} 

89.100.03 California Juniper - Desert Agave [Juniperus californica-Agave deserti] 
(Keeler-Wolf et al, 1998) 

89.100.04 California Juniper / Blackbush [Juniperus californica/Coleogyne 
ramosissima] (Keeler-Wolf et al, 1998) 

    89.100.05 California Juniper - Muller Oak / Blackbush [Juniperus californica-
Quercus cornelius-mulleri/Coleogyne ramosissima] (Keeler-Wolf and 
Thomas 2000) 

    89.100.06 California Juniper / Blackbush - Mojave Yucca [Juniperus 
californica/Coleogyne ramosissima-Yucca schidigera] (Keeler-Wolf and 
Thomas 2000) 

    89.100.07 California Juniper / Desert Needlegrass [Juniperus 
californica/Achnatherum speciosum] (Keeler-Wolf and Thomas 2000) 

    89.100.08 California Juniper - Mojave Yucca / Big Galleta [Juniperus californica-
Yucca schidigera/Pleuraphis rigida] (Keeler-Wolf 2001) 
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    89.100.09 California Juniper / Desert Needlegrass [Juniperus 
californica/Achnatherum speciosum] (Keeler-Wolf 2001) 

    89.100.10 California Juniper / California Buckwheat [Juniperus 
californica/Eriogonum fasciculatum] (Keeler-Wolf 2001) 

    89.100.11 California Juniper / Parry’s Nolina [Juniperus californica/Nolina parryi] 
(Keeler-Wolf 2001) 

 
   *89.200.00 Mountain Juniper Woodland [Juniperus occidentalis ssp. australis] 
    89.200.01 Mountain Juniper [Juniperus occidentalis ssp. australis] (Potter 1994) 
    89.200.02 Mountain Juniper / Big Sagebrush [Juniperus occidentalis ssp. 

australis/Artemisia tridentata] (Potter 1994) 
    89.200.03 Mountain Juniper / Curl-leaf Mountain Mahogany / Big Sagebrush 

[Juniperus occidentalis ssp. australis/Cercocarpus ledifolius/Artemisia 
tridentata] (Keeler-Wolf and Moore 2001) 

    89.200.04 Mountain Juniper / Ocean Spray [Juniperus occidentalis ssp. 
australis/Holodiscus discolor] (Keeler-Wolf and Moore 2001)  
         

   89.300.00 Utah Juniper Woodland {72123} 
    89.300.01 Utah Juniper [Juniperus osteosperma] (Keeler-Wolf and Thomas 2000) 
    89.300.02 Utah Juniper / Big Sagebrush - Green Ephedra [Juniperus 

osteosperma/Artemisia tridentata-Ephedra viridis] (Keeler-Wolf and 
Thomas 2000) 

    89.300.03 Utah Juniper / Big Sagebrush - Desert Bitterbrush - Nevada Ephedra 
[Juniperus osteosperma/Artemisia tridentata-Purshia glandulosa-
Ephedra nevadensis] (Keeler-Wolf and Thomas 2000) 

    89.300.04 Utah Juniper / California Buckwheat [Juniperus osteosperma-Eriogonum 
fasciculatum] (Keeler-Wolf and Thomas 2000) 

    89.300.05 Utah Juniper / Sticky Snakeweed [Juniperus osteosperma/Gutierrezia 
microcephala] (Keeler-Wolf and Thomas 2000)  

    89.300.06 Utah Juniper / Shadscale [Juniperus osteosperma/Atriplex confertifolia] 
(Keeler-Wolf and Thomas 2000) 

    89.300.07 Utah Juniper / White Bursage [Juniperus osteosperma/Ambrosia dumosa] 
(Keeler-Wolf and Thomas 2000) 

    89.300.08 Utah Juniper / Blackbush [Juniperus osteosperma/Coleogyne 
ramosissima] (Keeler-Wolf and Thomas 2000) 

    89.300.09 Utah Juniper / Blackbush / Galleta [Juniperus osteosperma/Coleogyne 
ramosissima/Pleuraphis jamesii] (Keeler-Wolf and Thomas 2000) 

    89.300.10 Utah Juniper / Spanish Bayonet [Juniperus osteosperma/Yucca baccata] 
(Keeler-Wolf and Thomas 2000)   

    89.300.11 Utah Juniper / Nevada Ephedra / Desert Needlegrass [Juniperus 
osteosperma/Ephedra nevadensis/Achnantherium speciosum] (Keeler-
Wolf and Thomas 2000)  

 
   89.400.00 Western Juniper Woodland [Juniperus occidentalis ssp. occidentalis] 
    89.400.01 Northern Juniper Woodland {72110} 
 
   89.500.00 Singleleaf Pinyon - Utah Juniper Woodland [Pinus monophylla-Juniperus spp.] 

{72121} 
 
   89.600.00 Great Basin Woodlands {72100} 
 
   89.700.00 Mojave Juniper Woodland and Scrub {72220} 
 
   89.800.00 Peninsular Juniper Woodland and Scrub {72320} 
 
90.000.00 ALPINE HABITATS 
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 91.000.00 Boulder and Rock Field 
 
   91.100.00 Alpine Fell-field  (= Alpine Habitat from book) 
 
   91.110.00 Klamath-Cascade Fell-field {91110} 
 
   91.120.00 Sierra Nevada Fell-field {91120} 
    *91.120.01 Sierra Primrose [Primula suffrutenscens] (Burke 1982) 
    91.120.02 Alpine Pussypaws - Heretic Penstemon [Antennaria alpina-Penstemon 

heterodoxus] (Major & Taylor 1977) 
    91.120.03 Alpine Pyrrocoma [Haplopappus aparigoides] (Major & Taylor 1977) 
    91.120.04 Dense Draba - Sweetwater Mountain Milkvetch [Draba densiflora-

Astragalus kentrophyta var. danaus] (Major & Taylor 1977, Taylor 1984) 
    91.120.05 Hairy Draba - Inyo Rock-cress [Draba oligosperma-Arabis inyoensis] 

(Major & Taylor 1977) 
    91.120.06 Muir Ivesia [Ivesia muirii] (Major & Taylor 1977) 
    *91.120.07 Netted Willow [Salix nivalis] (Major & Taylor 1977) 
    91.120.08   Podistera - King Sandwort [Podistera nevadensis-Arenaria kingii] (Major 

& Taylor 1977) 
91.120.09 Podistera - Pygmy Daisy [Podistera nevadensis-Erigeron pygmaeus] 

(Major & Taylor 1977) 
*91.120.10 Sibbaldia - Merten Rush [Sibbaldia procumbens-Juncus mertensianus] 

(Major & Taylor 1977) 
91.120.11 Silky Raillardella - Tawny Buckwheat [Raillardella argentea-Eriogonum 

incanum] (Major & Taylor 1977) 
91.120.12 Stemless Haplopappus - Old Man's Whiskers [Stenotus acaulis-Geum 

canescens] (Major & Taylor 1977) 
91.120.13 Watson Spikemoss - Round-leaved Buckwheat [Selaginella watsonii-

Eriogonum ovalifolium] (Major & Taylor 1977) 
91.120.14 Western Needlegrass - Nude Buckwheat [Stipa occidentalis-Eriogonum 

nudum] (Major & Taylor 1977) 
*91.120.15 Alpine Alumroot - Fragile Fern [Heuchera rubescens-Cystopteris 

fragilis] (Taylor 1984) 
    91.120.16 entry moved to 38.120.03 
    *91.120.17 entry moved to 91.125.01 
    91.120.18 Alpine Sedum - Watson Spikemoss [Sedum roseum-Selaginella watsonii] 

(Taylor 1984) 
    91.120.19 Alpine Smartweed [Polygonum minimum] (Taylor 1984) 
    *91.120.20 Alpine Timothy - One-spike Oatgrass [Phleum alpinum-Danthonia 

unispicata] (Taylor 1984) 
    91.120.21 Baltic Rush [Juncus balticus] (Taylor 1984) 
    *91.120.22 entry moved to 61.216.00 
    91.120.23 Cordilleran Arnica - Davidson Arabis [Arnica mollis-Arabis davidsonii] 

(Taylor 1984) 
91.120.24 Coville Phlox - Vagus Buckwheat [Phlox pulvinata-Eriogonum incanum] 

(Taylor 1984) 
91.120.25 King Ricegrass - Sierra Ragwort [Ptilagrostis kingii-Senecio scorzonella] 

(Taylor 1984) 
    91.120.26 entry moved to 91.122.01 
    91.120.27 Merten Rush [Juncus mertensianus] (Taylor 1984) 
    *91.120.28 Moss Saxifrage [Saxifraga bryophora] (Taylor 1984) 
    91.120.29 Mountain Sedum - Mountain Muhly [Sedum obtusatum-Muhlenbergia 

montana] (Taylor 1984) 
    91.120.30 entry moved to 91.124.01 
    91.120.31 Nevada Claytonia [Claytonia nevadensis] (Taylor 1984) 
    91.120.32 Tiling Monkeyflower - One-sided Bluegrass [Mimulus tilingii-Poa 

secunda] (Taylor 1984) 
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    91.120.33 entry moved to 38.120.01 
    91.120.34 entry moved to 41.560.01 
    91.120.35 Podistera - Pygmy Daisy [Podistera nevadensis-Erigeron pygmaeus] 

(Taylor 1984) 
    91.120.36 Showy Fescue - Davidson Penstemon [Festuca minutiflora-Penstemon 

davidsonii] (Taylor 1984) 
    91.120.37 Vagus Buckwheat - Silky Raillardella [Eriogonum incanum-Raillardella 

argentea] (Taylor 1984) 
    91.120.38 entry moved to 91.128.01 
 
   91.121.00 Alpine Hulsea [Hulsea algida] (Keeler-Wolf and Moore 2001) 
 
   91.122.00 Alpine Sorrel [Oxyria digyna] (Taylor 1984) 
    91.122.01 Lemmon Draba - Alpine Sorrel [Draba lemmonii-Oxyria digyna] (Taylor 

1984) 
    
   91.123.00 Coville Phlox - Squirreltail [Phlox covillei-Elymus elymoides] (Taylor 1984) 
    91.123.01 Coville Phlox - Squirreltail - Alpine Podistera [Phlox covillei-Elymus 

elymoides-Podistera nevadensis] (Taylor 1984) 
    91.123.02 Coville Phlox - Squirreltail - Alpine Podistera - Pygmy Daisy [Phlox 

covillei-Elymus elymoides-Podistera nevadensis-Erigeron pygmaeus] 
(Taylor 1984) 

    
   91.124.00 Nested Saxifrage - Suksdorf Monkeyflower [Saxifraga nidifica-Mimulus rubellus] 

(Taylor 1984) 
    91.124.01 Nested Saxifrage - Suksdorf Monkeyflower [Saxifraga nidifica-Mimulus 

suksdorfii] (Taylor 1984) 
   
   91.125.00 Alpine Saxifrage [Saxifraga tolmiei] (Keeler-Wolf and Moore 2001) 
    *91.125.01 Alpine Saxifrage - Woodrush [Saxifraga tolmiei-Luzula divaricata] 

(Taylor 1984) 
   
   *91.130.00 Southern California Fell-field {91130} 
 
   91.140.00 White Mountains Fell-field {91140} 
    91.140.01 Mason’s Sky Pilot - Vagus Fleabane [Polemonium chartaceum-Erigeron 

vagus] (Major & Taylor 1977) 
    91.140.02 Coville Phlox - Inyo Buckwheat [Phlox pulvinata-Eriognoum gracilipes] 

(Major & Taylor 1977) 
 
   91.150.00 Sweetwater Mountains Fell-field 
    91.150.01 Compact Phlox - Gordon Ivesia [Phlox pulvinata-Ivesia muirii] (Major & 

Taylor 1977) 
    91.150.02 Compact Phlox - Alpine Phoenicaulis [Phlox pulvinata-Anelsonia 

eurycarpa] (Major & Taylor 1977) 
    91.150.03 Compact Phlox - Small Haplopappus - Alpine Ipomopsis [Phlox 

pulvinata-Ericameria suffrutenscens-Ipomopsis congesta] (Major & 
Taylor 1977) 

    91.150.04 Compact Phlox - Sweetwater Lupine [Phlox pulvinata-Lupinus 
montigenus] (Major & Taylor 1977) 

 
   91.160.00 Subalpine Upland Shrub Habitat {includes 94000} 
 
   91.200.00 Alpine and Talus Scree Slope{91200} 
 
   91.210.00 Wet Alpine Talus and Scree Slope{91210} 
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   91.220.00 Dry Alpine Talus and Scree Slope{91220} 
 
   91.300.00 Alpine Snowbank Margin {91300} 
 
 
 92.000.00 Alpine Snow and Ice Habitat 
 
   92.100.00 Alpine Snowfield {93100} 
 
   92.200.00 Alpine Glacier {93200} 
 
 99.000.00 Non-Vegetated Desert 
 
   99.900.01 Sandy to Cobbly wash bottom 
 

99.900.02 Gypsum 
 

99.900.03 Mud hills 
 

99.900.04 Low Elevation Rock Outcrop 
 

99.900.05 Upper Elevation Rock Outcrop 
 
99.900.07 Playa 
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SUMMARY OF FINDINGS 
 
Dudek conducted biological surveys of the 12,000-acre Newhall Ranch Specific Plan (NRSP) 
Area and 2,028-acre Salt Creek Watershed area in July, August and September 2006 to assess 
existing conditions, map vegetation communities and land covers and determine the potential for 
special-status plants and wildlife to exist onsite.  Vegetation community classifications used in 
this report primarily follow the Vegetation Classification and Mapping Program, List of 
California Terrestrial Natural Communities Recognized by the California Natural Diversity 
Database (CDFG 2003) with a few exceptions.  In certain instances, the vegetation communities 
observed in the field did not match the vegetation communities described by CDFG (2003).  In 
these instances, Dudek developed additional vegetation community classifications. 
 
Dudek conducted botanical surveys for special-status plant species annually from 2002 through 
2005.  Botanical surveys of the site were conducted between April and August of each year.  
Additional botanical surveys of the High Country and Salt Creek areas were conducted in Spring 
2006.  More than 5,640 field-hours (564 field-days) were spent conducting botanical surveys 
within the study area over the four years that Dudek conducted surveys.  Surveys were conducted 
in teams of two or more biologists, with at least one senior-level botanist included with each 
team.  Biologists were able to observe reference populations of the state-listed endangered San 
Fernando Valley spineflower (Chorizanthe parryi var. fernandina; SFVS) and other special-
status plant species in order to ensure flowering status and develop a search-image prior to 
conducting surveys of the Entrada site.  Surveys focused on the identification and location of 
SFVS.  Additional special-status plant species observed during SFVS surveys, including 
California Native Plant Society (CNPS) List 1B and 4 species, were also recorded.   
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1.0 INTRODUCTION 
 
The purpose of this Biological Resources Technical Report is to document the results of general 
and focused botanical surveys conducted within the 12,000-acre Newhall Ranch Specific Plan 
(NRSP) Area and 2,028-acre Salt Creek Watershed area.  Dudek conducted vegetation mapping, 
general botanical surveys, and focused surveys for special-status plant species.  The surveys 
were conducted at various times between 2002 and 2006.  This report describes the biological 
character of the NRSP study area based on these surveys.   
 
2.0 SITE DESCRIPTION 
 
The NRSP study area is located in an unincorporated portion of the Santa Clara River Valley in 
northwestern Los Angeles County (Figure 1).  It lies roughly one-half mile west of Interstate 5 
(I-5) and largely southwest of the junction of I-5 and State Route 126 (SR-126), with portions of 
the study area site located in San Martinez Grande and Chiquito canyons north of SR-126.  The 
City of Santa Clarita is located to the east of the study area and the Ventura County/Los Angeles 
County line lies along the western boundary.   
 
Newhall Land (Newhall) leases out portions of the NRSP study area for oil and natural gas 
production, cattle grazing and agricultural operations (e.g., food crop production, dryland 
farming, honey farming).  All such operations are currently ongoing.  Southern California Edison 
and Southern California Gas Company have distribution lines within easements onsite as well.  The 
easements/transmission lines are actively maintained. 
 
2.1 Topography 
 
The NRSP study area includes areas north of SR-126 between Chiquito Canyon and the Ventura 
County line.  South of SR-126, the study area includes areas between the Airport Mesa and 
Potrero Canyon, including Middle, Dead-End, Lion, Humble, and Long canyons, extending 
south into the High Country area.  This study area is dominated by east-, west-, and northwest- 
trending primary ridges, with north- and south-trending secondary ridges.  Site elevations range 
from 825 feet above mean sea level (AMSL) in the Santa Clara River bottom at the Ventura 
County/Los Angeles County line to approximately 3,200 feet AMSL on the ridgeline of the 
Santa Susana Mountains along the southern boundary (Figure 2).   
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Slope gradients range from moderate to very steep in the hillside areas to very gentle within the 
Santa Clara River floodplain, tributary canyons and associated mesas.  Distinctive elevated 
geographic features include Sawtooth Ridge, Razorback Ridge, Windy Gap, Ayers Rock, and 
Potrero, Grapevine, and Airport Mesas. 
 
2.2 Geology and Soils 
 
Geologically, the study area is located within the Transverse Ranges geomorphic province of 
southern California in the eastern portion of the Ventura depositional basin.  This basin “was 
produced by tectonic downwarping in the geologic past to produce a large-scale synclinal structure in 
which a thick sequence of Cenozoic sediments has accumulated.  These sediments have been lithified 
into a sequence of sedimentary rock that has subsequently been uplifted, tilted, and tectonically 
deformed (Allan E. Seward 2002, 2004).”  They are cut by segments of the Del Valle and Salt Creek 
faults.  Bedrock formations found onsite include the Modelo, Towsley, Pico, Saugus, and Pacoima 
formations, as well as Quaternary Terrace deposits.  Surficial deposits include Quaternary alluvium, 
slopewash, soil, and artificial fill (Allan E. Seward 2002, 2004).   
 
Soils onsite include: Castaic and Saugus soils (30 to 65 percent slopes, severely eroded); Castaic-
Balcom silty clay loams (9 to 15 percent slopes); Castaic-Balcom silty clay loams (15 to 30 
percent slopes); Castaic-Balcom silty clay loams (30 to 50 percent slopes); Castaic-Balcom silty 
clay loams (30 to 50 percent slopes, eroded); Castaic-Balcom silty clay loams (50 to 65 percent 
slopes, eroded); Chino loam, Cortina sandy loam (0 to 2 percent slopes); Gaviota rocky sandy 
loam (15 to 30 percent slopes, eroded); Gaviota rocky sandy loam (30 to 50 percent slopes; 
eroded) Gazos clay loam (30 to 50 percent slopes); Hanford sandy loam (0 to 2 percent slopes); 
Hanford sandy loam (2 to 9 percent slopes); Metz loamy sand (0 to 2 percent slopes); Metz 
loamy sand (2 to 9 percent slopes); Mocho loam (0 to 2 percent slopes); riverwash; sandy 
alluvial land; Saugus loam (30 to 50 percent slopes); Saugus loam (30 to 50 percent slopes, 
eroded); Sorrento loam (0 to 2 percent slopes); Sorrento loam (2 to 5 percent slopes); terrace 
escarpments; Yolo loam (0 to 2 percent slopes); Yolo loam (2 to 9 percent slopes); Zamora loam 
(2 to 9 percent slopes); and Zamora loam (9 to 15 percent slopes) (USDA 1969). 
 
3.0 SURVEY METHODS 
 
Data regarding biological resources present on the project site were obtained through a review of 
pertinent literature and through field reconnaissance; both are described in detail below.   
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3.1 Literature Review 
 
Dudek conducted special-status plant surveys within various areas of the NRSP study area 
between 2002 and 2006.  The literature search used for general floristic and special-status 
botanical resources present or potentially present on the NRSP study area is described in the  
Sensitive Plant Survey Results for the Newhall Ranch Specific Plan Area, Los Angeles County, 
California (Dudek 2002, 2004a, 2004b and 2006a); Sensitive Plant Survey Results for Salt 
Creek, Los Angeles County, California (Dudek 2004c); and Biological Resources Technical 
Report for the Newhall Ranch High Country Specific Management Area and the Salt Creek Area 
(Dudek 2006).   
 
General information regarding wildlife species present in the region was obtained from Stebbins 
(2003) for reptiles and amphibians, American Ornithologists' Union (2005) for birds, Jones et al. 
(1997) for mammals, and Emmel and Emmel (1973) for butterflies.  General information 
regarding vegetation communities were obtained from the California Department of Fish and 
Game (CDFG) (2003), Holland (1986) and Sawyer and Keeler-Wolf (1995).  Plant species 
nomenclature follows Hickman (1993). 
 
3.2 Field Reconnaissance Methods 
 
3.2.1 Resource Mapping  
 
Vegetation communities were mapped in the field directly onto a 200-scale (1" = 200') false-
color digital orthographic map (AirPhotoUSA 2005) of the property.  These boundaries and 
locations were digitized by Dudek Geographic Information Systems (GIS) technician Mark 
McGinnis using ArcGIS software.  Vegetation community classifications used in this report 
follow CDFG (2003).   
 
Vegetation community classifications used in this report primarily follow the Vegetation 
Classification and Mapping Program, List of California Terrestrial Natural Communities 
Recognized by the California Natural Diversity Database (CDFG 2003), with a few exceptions 
where the vegetation communities observed in the field did not match the vegetation 
communities described by CDFG 2003.  In these instances, Dudek developed additional site-
specific vegetation community classifications, which are described as “modified” in the 
vegetation descriptions in Section 4.2 below.  
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3.2.2 Flora  
 
All plant species encountered during the special-status plant field surveys (see below) were 
identified and recorded.  Species that could not be identified immediately were brought into the 
laboratory for further investigation.  Latin and common names of plants follow The Jepson 
Manual (Hickman 1993) or other recent published taxonomic treatments.  Where not listed in 
Hickman (1993), common names were taken from Abrams (1923).  Where not found in this 
reference, a variety of sources were used (e.g., Dale 1986; Roberts 1998).   
 
3.2.3 Fauna 
 
Surveys were conducted by walking meandering transects throughout the project site, surveying 
all suitable habitat types including along canyons and ridgelines, to ensure that 100 percent 
visual coverage was obtained. Wildlife species detected during the field survey by sight, calls, 
tracks, scat, or other signs were recorded.  Binoculars (7 x 50 power) were used to aid in the 
identification of observed wildlife.  At regular intervals the biologists stopped, remained quiet, 
and listened for wildlife vocalizations.  All wildlife species detected in the NRSP study area were 
recorded. All habitats in the study area were surveyed for potential to support sensitive wildlife 
species.  
 
Latin and common names of animals follow Stebbins (2003) for reptiles and amphibians, 
American Ornithologists' Union (2005) for birds, Jones et al. (1997) for mammals, and Emmel 
and Emmel (1973) for butterflies.  CDFG (2006) was used for special-status species where Latin 
names have been changed.   
 
3.2.4 Special-Status/Regulated Biological Resources  
 
Special-status biological resources are those defined as follows:  (1) species that have been given 
special recognition by federal, state, or local resource agencies and environmental organizations 
due to limited, declining, or threatened population sizes; (2) species and habitat types recognized 
by local and regional resource agencies as special-status; (3) habitat areas or vegetation 
communities that are unique, are of relatively limited distribution, or are of particular value to 
wildlife; and (4) wildlife corridors and habitat linkages.  Regulated biological resources may or 
may not be considered special-status, but are regulated under local, state, and/or federal laws.   
 
Dudek conducted botanical surveys for special-status plant species annually from 2002 through 
2005.  Botanical surveys of the study area were conducted between April and August of each 
year.  Additional botanical surveys were conducted in the High Country and Salt Creek areas in 
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Spring 2006.  More than 5,640 field-hours (564 field-days) were spent conducting botanical 
surveys within the study area over the four years that Dudek conducted surveys.  Surveys were 
conducted in teams of two or more biologists, with at least one senior-level botanist included 
with each team.  Biologists were able to observe reference populations of the state-listed 
endangered San Fernando Valley spineflower (Chorizanthe parryi var. Fernandina; SFVS) and 
other special-status plant species in order to develop a search-image prior to conducting surveys 
of the project site.  Surveys focused on the identification and location of SFVS.  Additional 
special-status plant species observed during SFVS surveys, including California Native Plant 
Society (CNPS) List 1B and 4 species, were also recorded.   
 
A complete description of field surveys procedures for special-status plants are described in 
Sensitive Plant Survey Results for the Newhall Ranch Specific Plan Area, Los Angeles County, 
California (Dudek 2002, 2004a, 2004b and 2006a); Sensitive Plant Survey Results for Salt 
Creek, Los Angeles County, California (Dudek 2004c); and Biological Resources Technical 
Report for the Newhall Ranch High Country Specific Management Area and the Salt Creek Area 
(Dudek 2006).  Table 1 lists the dates, conditions, and survey focus for each of the surveys. 
 
Dudek biologists Phil Behrends, Marc Doalson, Megan Enright, Clint Emerson, David Flietner, 
Callie Ford, Stuart Fraser, Colin Khoury, Makela Mangrich, Sherri Miller, Mike Sweesy, Sara 
Townsend, and Jennifer Turnbull conducted vegetation communities mapping in July and 
August 2006 per the schedule provided in Table 1.  
 

TABLE 1 
2006 Survey Schedule & Personnel for Newhall Ranch Specific Plan Area 

 

DATE BIOLOGISTS PURPOSE 
7/11/06 Stuart Fraser, Sherri Miller, Colin Khoury, Callie Ford, Jennifer 

Turnbull 
Vegetation community mapping 

7/13/06 Makela Mangrich, Colin Khoury Vegetation community mapping 
7/17/06 Colin Khoury, Clint Emerson, Dave Flietner, Marc Doalson Vegetation community mapping 
7/18/06 Megan Enright, Sherri Miller, Colin Khoury, Clint Emerson, Dave 

Flietner, Marc Doalson 
Vegetation community mapping 

7/19/06 Colin Khoury, Clint Emerson, Dave Flietner, Marc Doalson Vegetation community mapping 
7/20/06 Mike Sweesy, Sherri Miller Vegetation community mapping 
7/25/06 Sara Townsend, Sherri Miller Vegetation community mapping 
7/27/06 Sherri Miller Vegetation community mapping 
8/1/06 Phil Behrends, Sherri Miller Vegetation community mapping 
8/8/06 Sherri Miller Vegetation community mapping 
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This report includes the results of previous studies, identified in Table 2.  For a description of 
methods utilized in these previous studies, please refer directly to the relevant reports, which are 
incorporated by reference. 
 

TABLE 2 
Previous Botanical Studies Conducted for Newhall Ranch 

Specific Plan Area and Incorporated by Reference 
 

DATE OF REPORT REPORT TITLE PURPOSE 
November, 2002 2002 Sensitive Plant Survey Results for Newhall Ranch 

Specific Plan Area 
Sensitive plant surveys  
2002 

June, 2004 2003 Sensitive Plant Survey Results for Newhall Ranch 
Specific Plan Area 

Sensitive plant surveys 
2003 

October, 2004 2004 Sensitive Plant Survey Results for Newhall Ranch 
Specific Plan Area 

Sensitive plant surveys 
2004 

June, 2006 2005 Sensitive Plant Survey Results for Newhall Ranch 
Specific Plan Area 

Sensitive plant surveys 
2005 

June, 2004 2003 Sensitive Plant Survey Results for Salt Creek Sensitive plant surveys 
2003 

October 2006 2006 High Country Biological Resources Technical 
Report 

Vegetation mapping, sensitive plant 
surveys 2006 

 
3.2.5 Survey Limitations 
 
Vegetation communities were mapped in fall and winter of 2005 and summer of 2006.  Focused 
surveys for special-status plant species were conducted in spring and summer 2002 through 
2006. The surveys were timed to be coincident with the annual blooming period for early 
blooming annual species, including the state-listed threatened San Fernando Valley spineflower 
(Chorizanthe parryi ssp. fernandina; SFVS).  Surveys continued past the peak bloom period for 
the SFVS into the summer when SFVS became a highly visible brick red while all of the other 
plants dried and faded to pale straw colors.  Surveying during these two time periods maximized 
the potential for detection of SFVS during the survey effort. 
 
The surveys were conducted during daylight hours under weather conditions that did not 
preclude observation of special-status plant species (e.g., surveys were not conducted during 
heavy fog or rain). 
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4.0 RESULTS OF SURVEYS 
 
4.1 Botany – Vegetation Communities and Floral Diversity 
 
Native and naturalized vegetation communities within the NRSP study area are representative of 
those found in this region and of those plant communities found in the Santa Susana Mountains 
and the Santa Clara River ecosystems.  Upland vegetation communities dominate the landscape 
within the NRSP study area both north and south of the Santa Clara River.  The majority of the 
site consists of the following upland plant communities:  California sagebrush and sub-
associations, chaparral and sub-associations, coast live oak woodlands, mixed oak woodlands, 
valley oak woodlands and savannahs, California walnut woodland, and California annual 
grasslands.  The Santa Clara River and its tributaries support a variety of riparian and scrub 
vegetation communities.  These include southern cottonwood willow riparian forest, southern 
willow scrub, oak riparian forest, mulefat scrub, arrow weed scrub, big sagebrush scrub, alluvial 
scrub, herbaceous wetlands, coastal and valley freshwater marsh and cismontane alkali marsh.  
Intermittent and ephemeral drainages onsite also provide habitat for scalebroom and Great Basin 
series and alluvial scrubs. 
 
Newhall leases out portions of the study area for oil and natural gas production, as well as for 
cattle grazing and agricultural operations (e.g., food crop production, dryland farming, honey 
farming).  All such operations are currently ongoing.  Southern California Edison and Southern 
California Gas Company have distribution lines within easements onsite as well.  Areas associated 
with these land uses are mapped as agriculture, disturbed land and developed land. 
 
These vegetation communities and land covers are described below.  Included (where applicable) 
are the codes corresponding to the List of California Terrestrial Natural Communities (CDFG 
2003).  Vegetation community acreages are presented in Table 3 and their locations are depicted 
on Figures 3 and 4 in the map pocket.  Vegetation communities that appeared to be recovering 
from a recent burn are denoted by a lower-case “b” prefix.  Vegetation communities that 
contained between 20 and 50 percent native species by percent cover are denoted by a lower-
case “d” prefix. 



Please refer to map No. 4.4‐F in the accompanying map box. 



Please refer to map No. 4.4‐E in the accompanying map box. 
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TABLE 3 

Vegetation Communities and Land Cover Types for Newhall Ranch Specific Plan Area  
 

Vegetation Community/ 
Land Cover Type Subcommunity 

Newhall 
Ranch SP 
Acreage 

Salt Creek 
Acreage 

Upland Grassland 
California Annual Grassland   1942.4  187.9 
Purple needlegrass    51.6  0 
Upland Scrub 
California sagebrush scrub   1452.1  11.8 
 Burned California sagebrush scrub  789.7  615.6 
 California sagebrush scrub – artemisia  119.0  0 
 California sagebrush scrub – black sage scrub  196.5  0 
 California sagebrush scrub – California buckwheat  294.0  0 
 California sagebrush scrub  – encelia farinosa  2.8  0 
 California sagebrush scrub – purple sage scrub  392.9  2.1 
 Disturbed California sagebrush scrub – purple sage scrub  4.5  0 
 California sagebrush scrub-chaparral  136.1  0 
 Disturbed California sagebrush scrub-chaparral  5.2  0 
Coyote brush scrub   9.2  0 
Undifferentiated chaparral   1093.2  9.1 
 Burned Undifferentiated chaparral  905.7  115.6 
 Chamise chaparral  51.4  0 
 Hoary-leaf ceanothus chaparral  0.1  0 
 Scrub oak chaparral  1.5  0 
Big sagebrush scrub   17.2  0 
 Big sagebrush – California buckwheat  0.5  0 
Upland Woodland and Savannah 
Coast live oak woodland   607.7  148.0 
Mixed oak woodland   74.2  94.6 
 Mixed oak savannah  0  3.4 
Valley oak woodland   47.2  23.9 
 Valley oak savannah  369.2  110.0 
California walnut woodland   6.8  20.4 
Riparian Waters and Herbs 
River wash   276.4  7.4 
Bulrush cattail wetland   1.4  0 
Cismontane alkali marsh    18.6  0 
Coastal and valley freshwater marsh   2.0  0 
Herbaceous wetland   183.1  0 
Riparian Scrub 
Alluvial scrub   0.5  0.4 
Arrowweed scrub   17.3  0.7 
Elderberry scrub   12.5  1.4 
 Disturbed Elderberry scrub  0.3  0 
Giant reed    7.1  0 
Mulefat scrub   51.4  20.1 



Biological Resources Technical Report 
Newhall Ranch Specific Plan Area 

 

      
    
    3738-82 
  11 October 2006 

 

TABLE 3 
Vegetation Communities and Land Cover Types for Newhall Ranch Specific Plan Area  

 

Vegetation Community/ 
Land Cover Type Subcommunity 

Newhall 
Ranch SP 
Acreage 

Salt Creek 
Acreage 

Southern willow scrub   21.5  2.5 
Tamarisk scrub   2.6  0.2 
Riparian Woodland 
Southern cottonwood willow riparian 
forest 

  352.9  0 

Oak riparian forest   0.7  0 
Land Covers 
Agriculture   1,425.2  99.1 
Developed lands   84.6  0 
Disturbed lands   913.2  43.9 
Total  12,000.1  1,518.1 
 
 
4.1.1 California Annual Grassland (42.040.00) 
 
California annual grassland is characterized by a mixture of weedy, introduced annuals, 
primarily grasses.  It may occur where disturbance by maintenance (mowing, scraping, discing, 
spraying, etc.), grazing, repetitive fire, agriculture, or other mechanical disruption have altered 
soils and removed native seed sources from areas formerly supporting native vegetation.  On-site 
California annual grassland consists of various annual non-native grasses including wild oat 
(Avena fatua), slender oat (Avena barbata), and bromes (Bromus diandrus, B. madritensis ssp. 
rubens, B. hordeaceus).  Other herbaceous species include black mustard (Brassica nigra), 
tocalote (Centaurea melitensis), Russian thistle (Salsola tragus), and doveweed (Eremocarpus 
setigerus).  Some of these grasslands include occasional California sagebrush scrub species as 
described below.  California annual grasslands may support special-status plant and animal 
species and provide foraging habitat for raptors (birds of prey).   
 
4.1.2 Purple Needlegrass (41.150.00) 
 
Native grassland contains at least ten percent or more of vegetative cover composed of perennial, 
native grasses.  Species associated with this vegetation type include needlegrass (Nasella 
pulchra, Nasella lepida), leafy bentgrass (Agrostis pallens), junegrass (Koeleria macrantha), 
rattail fescue (Vulpia myuros), bromes (Bromus spp.), blue-eyed grass (Sisyrinchium bellum), 
blue dicks (Dichelostemma capitatum), mariposa lily (Calochortus spp.), common goldenstar 
(Bloomeria crocea), smooth cat's-ear (Hypochoeris glabra), and shooting star (Dodecatheon 
clevelandii).  This plant community typically intermixes with coastal sage scrub on some clay 
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soils, often on more mesic exposures and at the bases of slopes, but also may occur in large 
patches.  
 
Native grassland is rare in southern California even though it typically includes non-native 
annual species intermixed with native perennial grasses and forbs.  It has a substantial 
component of native species and generally occurs on intact clay substrates.  Native grasslands, 
especially those on clay soils, provide potential habitat for a number of sensitive plant species 
(Roberts, pers. comm. 2000).  Native grasslands provide nesting and foraging habitat for a 
diversity of passerine bird species and raptors (primarily foraging), many of which are 
considered to be sensitive. 
 
4.1.3 California Sagebrush Scrub (32.010.00) 
 
California sagebrush scrub is considered a coastal scrub vegetation community in CDFG (2003).  
Coastal scrub is a native plant community generally characterized by a variety of soft, low, 
aromatic, drought-deciduous shrubs, such as California sagebrush (Artemisia californica), 
California buckwheat (Eriogonum fasciculatum), California bush sunflower (Encelia 
californica), and sages (Salvia spp.), with scattered evergreen shrubs, including lemonadeberry 
(Rhus integrifolia), laurel sumac (Malosma laurina), and toyon (Heteromeles arbutifolia).  It 
typically develops on south-facing slopes and other xeric situations.  Coastal sage scrub is 
considered a sensitive vegetation community because of its depleted nature and the large number 
of special-status plant and wildlife species that it supports (Holland 1986). 
 
Onsite California sagebrush scrub is dominated by a mixture of California sagebrush, black sage 
(Salvia mellifera), purple sage (Salvia leucophylla), and California buckwheat.  Other species 
present within this community include our lord’s candle (Yucca whipplei), slender tarweed 
(Hemizonia fasiculata), deerweed (Lotus scoparius), black mustard, and tocalote, with scattered 
chaparral species including chamise (Adenostoma fasciculatum), sugar bush (Rhus ovata), toyon, 
and chaparral bushmallow (Malacothamnus fasciculatus).  California sagebrush scrub occurs 
onsite on dryer slopes, generally south or west facing.     
 
California sagebrush scrub associations were also mapped onsite. Each one is dominated by a 
particular species that characterizes the association.  In some cases, the dominant plant species 
could be the only species present.  These associations are listed below. 

• California Sagebrush- Artemisia californica (dominated only by California sagebrush) 
(32.010.01) 

• California Sagebrush Scrub-Purple Sage Scrub (32.010.04), including disturbed 
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• California Sagebrush Scrub-Black Sage (modified) 

• California Sagebrush Scrub-California Buckwheat (modified) 

• California Sagebrush Scrub-Encelia farinosa (modified) 

• California Sagebrush Scrub-Chaparral (equal dominance of California sage scrub and 
chaparral scrub species) (modified from 32.300.00), including disturbed 

 
4.1.4 Coyote Brush Scrub (32.060.00) 
 
Coyote brush scrub is considered a coastal scrub vegetation alliance in CDFG (2003) and is 
dominated by coyote brush (Baccharis pilularis).  It contains many of the same species as 
California sagebrush scrub (i.e. California sagebrush, California buckwheat, and sages, with 
scattered evergreen shrubs).  Coyote brush scrub occurs mostly in uplands, but can occur along 
xeric drainages as well.  It generally is regarded as a post-disturbance plant community in a 
successional state, with the climax community most often being California sagebrush scrub.  
 
Because coyote brush scrub is an effective colonizer of disturbed sites it can be found in xeric to 
seasonally mesic areas, in heavily disturbed upland areas and flat areas or canyons and drainages 
that receive low seasonal flow or urban runoff.   
 
4.1.5 Undifferentiated Chaparral Scrub (37.000.00) 
 
Undifferentiated chaparral scrub is a drought- and fire-adapted community of broad-leafed 
shrubs, 1.5-3.0 m tall, typically forming dense impenetrable stands.  It develops primarily on 
mesic north-facing slopes and in canyons.  This vegetation community is often a mixture of 
chamise, hoary leaf ceanothus (Ceanothus crassifolius), scrub oak (Quercus berberidifolia), 
laurel sumac, and black sage. 
 
Dominant chaparral species onsite include a mixture of chamise, hoaryleaf ceanothus (Ceanothus 
crassifolius), spiny redberry (Rhamnus crocea), sugar bush, and toyon.  Other species that occur 
in this community onsite include chaparral bushmallow, holly-leaf redberry (Rhamnus ilicifolia), 
holly-leaf cherry (Prunus ilicifolia), and California sagebrush scrub species as described above. 
 
A number of chaparral alliances exist onsite. Each one is dominated by a particular species that 
characterizes the alliance.  In some cases, the dominant plant species could be the only species 
present.  These alliances are listed below. 
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• Chamise Chaparral (37.101.00) (dominated only by chamise) 

• Hoary-Leaf Ceanothus Chaparral (37.208.00) 

• Scrub Oak Chaparral (37.407.00) 
 
4.1.6 Coast Live Oak Woodland (71.060.19)  
 
According to Holland (1986), coast live oak woodland is dominated by a single evergreen 
species: coast live oak (Quercus agrifolia).  Canopy height ranges from 10 to 25 m.  The shrub 
layer is poorly developed, but may include toyon, gooseberry (Ribes spp.), laurel sumac or 
Mexican elderberry (Sambucus mexicana). The herb component is continuous, dominated by a 
variety of introduced species.   
 
4.1.7 Mixed Oak Woodland (71.100.00) 
 
Mixed oak woodland includes a predominance of coast live oaks, with valley oak (Quercus 
lobata) in sufficient numbers to constitute between 20 and 50 percent cover.  An association of 
mixed oak woodland exists onsite, mixed oak savannah (71.100.08), which includes valley oaks 
or coast live oaks sparsely populated in either native or non-native grasslands. 
 
4.1.8 Valley Oak Woodland (71.040.00)  
 
Valley oak woodland includes a predominance of valley oaks in sufficient numbers to constitute 
between 20 and 50 percent cover.  An association of valley oak woodland exists onsite, valley 
oak savannah (71.040.05), which includes valley oaks sparsely populated (up to 40 percent 
canopy cover) in either native or non-native grasslands. 
 
4.1.9 California Walnut Woodland (72.100.01)  
 
California black walnut woodland is comprised of an overstory of southern California black walnut 
(Juglans californica) and a very limited understory dominated by a variety of introduced species.   
 
4.1.10 River Wash  
 
River wash occurs within washes of the Santa Clara River or its tributaries that are unvegetated 
or sparsely vegetated with seedlings, sparse grasses, and forbs, and is subject to scouring by 
seasonal storm flows.    
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4.1.11 Bulrush-Cattail Wetland (52.102.00) 
 
Bulrush-cattail wetland consists of approximately equal dominance of bulrush (Scirpus sp.) and 
cattail (Typha sp.) species.  It occurs along the Salt Creek within the High Country portion of the 
NRSP.   
 
4.1.12 Cismontane Alkali Wetland (52.203.00) 
 
According to Holland (1986), cismontane alkali marsh typically occurs in areas that are wet or 
inundated through most to all of the year. Dominant species include rushes (Juncus spp.), salt 
grass (Distichilis spicata), sedges (Carex spp.), yerba mansa (Anemopsis californica), and alkali 
heath (Frankenia grandifoila).  This community occurs at lake beds and flood plains below 
1,000 feet, characterized by higher levels of salts than are found in the coastal and valley 
freshwater marsh habitat.  It differs from coastal saltmarsh primarily in that it is not subject to 
tidal inundation. 
 
4.1.13 Coastal and Valley Freshwater Marsh (52.100.01)  
 
Coastal and valley freshwater marsh is an emergent wetland vegetation type that occurs where 
the water table is at or just above the ground surface, such as around the margins of lakes, ponds, 
slow-moving streams, ditches, and seepages. Due to being permanently flooded by fresh water 
there is an accumulation of deep, peaty soils.  It typically is dominated by species such as cattail, 
wooly sedge (Carex lanuginosa), yellow nutsedge (Cyperus esculentus), and bulrush.  
 
4.1.14 Herbaceous Wetland  
 
Herbaceous wetlands occur within the banks of the Santa Clara River or its tributaries.  Common 
species within herbaceous wetlands include Hooker’s evening primrose (Oenothera elata), 
cocklebur (Xanthium strumarium), and immature mulefat (Baccharis salicifolia), willows (Salix 
spp.), and Fremont cottonwood (Populus fremontii ssp. Fremontii) seedlings and saplings.  This 
community does not fit into a CDFG (2003) defined plant community classification and was 
defined onsite by the dominant plant species. 
 
4.1.15 Alluvial Scrub  
 
Alluvial scrub is a community that occurs in creeks and washes on alluvial material.  Species that 
can usually be found in this community include wetland species that can tolerate more xeric 
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conditions and transitional sage scrub species.  This community does not fit into a CDFG (2003) 
defined plant community classification and was defined onsite by the dominant plant species. 
 
Onsite this community occurs solely within Santa Clara River and its tributaries.  Species found 
onsite within this community include big sagebrush (Artemisia tridentata), mule, tree tobacco, 
scalebroom (Lepidospartum squamatum), big saltbush (Atriplex lentiformis), and California 
sagebrush. 
 
4.1.16 Arrowweed Scrub (63.710.00) 
 
Arrowweed scrub occurs in moderate to dense streamside thickets strongly dominated by 
arrowweed (Pluchea sericea).  It occurs in streambanks, ditches, and washes with gravelly or 
sandy channels in most major drainages in the drier southern parts of California.  Onsite, 
arrowweed scrub occurs along the banks of the Santa Clara River or its tributaries and is dense, 
with a few tamarisk (Tamarix spp.) individuals interspersed throughout.  
 
4.1.17 Big Sagebrush Scrub (35.110.00) 
 
Big sagebrush scrub is comprised mostly of soft-woody shrubs, 0.5-2 m tall, usually with bare 
ground underneath and between shrubs (Holland 1986).  This community is typically dominated 
by big sagebrush and non-native grasses. California sage scrub and chaparral species also occur 
within this vegetation type.  This community generally occurs in alluvial areas along washes and, 
as such, is under the jurisdiction of the CDFG pursuant to Section 1600 et seq. of the California 
Fish and Game Code. 
 
4.1.18 Elderberry Scrub (63.410.00)   
 
Elderberry scrub is an open scrub vegetation community dominated by Mexican elderberry 
(Sambucus mexicana), with scattered laurel sumac, toyon, and lemonadeberry, as well as an 
understory of grasses.  Elderberry scrub is found in foothill areas on the upper benches of 
streams, and is often associated with sycamore riparian woodland.   
 
4.1.19 Giant Reed (42.080.00)   
 
Giant reed is a non-native plant community comprised of monotypic or nearly monotypic stands 
of the large grass giant reed (Arundo donax) that is fairly widespread in southern California.  
Typically it occurs on moist soils and in streambeds and may be related directly to soil 
disturbance or introduction of propagules by grading or flooding.  Mapped occurrences of giant 
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reed grassland may include native trees such as willows and cottonwoods within patches of this 
community.  
 
4.1.20 Mulefat Scrub (63.510.00) 
 
Mulefat scrub is a relatively low (2-3 m), dense, shrubby plant community that occurs in riparian 
vegetation, edges of catchment basins, and in canyons.  It is dominated by mulefat and may 
contain a small number of arroyo willow (Salix lasiolepis), upland shrubs, and facultative herbs.  
Mulefat scrub is a seral community that occurs mainly along major drainages and floodplains 
where the riparian vegetation is open or disturbed.  Frequent flooding and/or scouring apparently 
maintain this community in an early successional state (Holland 1986).  Characteristic plant 
species in this community include mulefat, coyote brush, western ragweed (Ambrosia 
psilostachya), and a few other obligate or facultative wetland species (Reed 1988).   
 
4.1.21 Southern Willow Scrub (63.130.00) 
 
According to Holland (1986), southern willow scrub has been described as a dense, broad-leafed, 
winter-deciduous riparian thicket dominated by several species of willow, with scattered 
emergent Fremont cottonwood and western sycamore (Platanus racemosa).  Most stands are too 
dense to allow much understory development.  This plant community is considered seral due to 
repeated disturbance/flooding and is therefore unable to develop into the taller southern 
cottonwood-willow riparian forest. 
 
4.1.22 Tamarisk Scrub (63.810.02) 
 
Areas dominated by tamarisk were mapped as tamarisk scrub.  This invasive, non-native 
vegetation type is considered a riparian community.  Tamarisk typically occurs on moist soils 
and in streambeds and its occurrence may be related directly to soil disturbance or introduction 
of propagules by grading or flooding. 
 
4.1.23 Southern Cottonwood-Willow Riparian Forest (61.130.02) 
 
Southern cottonwood willow riparian forest is a tall, open, broad-leafed winter deciduous 
riparian forest dominated by Fremont cottonwood and several different species of willow.  It 
occurs in frequently overflowed lands along rivers and streams. 
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4.1.24 Southern Coast Live Oak Riparian Forest (71.060.20) 
 
Southern live oak riparian forest is characterized by open to dense woodlands dominated by oak 
species (Quercus sp.), with western sycamore, scalebroom scrub, mulefat scrub, or southern 
willow scrub as an understory, as well as sclerophyllous shrubs such as hollyleaf redberry 
(Rhamnus illicifolia), California coffeeberry (Rhamnus californica), laurel sumac, Mexican 
elderberry, Fushia-flowered gooseberry (Ribes speciosum), toyon, poison oak (Toxicodendron 
diversilobum), giant rye grass (Leymus condensatus) and lemonadeberry. Large grassland areas 
dominated by bromes (Bromus spp.) may also be present. 
 
4.1.25 Agriculture  
 
Agriculture refers to areas where irrigated row and field crops are being grown [i.e., intensive 
agriculture].  This area may support grass species such as barley (Hordeum spp.) and wild oat 
(Avena spp.).  This land has relatively little biological resource value because it provides very 
limited habitat value for most native species.  However, this area may supply grain and water for 
native and migratory birds.  Also, raptors may prey on gophers and rabbits that occur in 
agricultural areas. 
 
4.1.26 Disturbed Land  
 
Disturbed land typically occurs in areas where soils have been recently or repeatedly disturbed 
by grading or compaction, resulting in the growth of very few native perennials.  Disturbed land 
usually is dominated by bare ground or non-native dicotyledonous species including filaree 
(Erodium spp.), black mustard, thistles (e.g., Cynara cardunculus, Carduus  pynocephalus, and 
Centaurea melitensis), doveweed, and others.  Within the NRSP study area, disturbed land 
occurs on permeable surfaces without vegetation, as well as with weedy annual non-native 
vegetation including Russian thistle, tocalote, doveweed, black mustard, and bull thistle (Cirsium 
vulgare). 
 
4.1.27 Developed Land  
 
Developed land refers to areas supporting manmade structures including homes, yards, 
roadways, and other highly modified lands supporting structures associated with dwellings or 
other permanent structures.  Within the NRSP study area, developed land refers to existing roads.  
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4.1.28 Floral Diversity 
 
The NRSP study area is situated at the nexus of the Transverse Ranges, Coast Ranges, Sierra 
Nevada, Mojave Desert, and coastal plains (Hickman 1993).  Ecotone areas such as this often 
have higher biological diversity than similar-sized areas within the core of a physiographic 
region (Boyd 1999).   
 
At least 650 plant species or subspecies were identified within the NRSP study area, including 
the Newhall High Country.  Of these, 482 species (74 percent) are native to the region and 168 
species (26 percent) are non-native.  The cumulative list of plant species identified on the site 
from 2002 to 2006 is provided as Appendix A.   
 
4.2 Special-Status Plant Species 
 
Seven special-status plant species were identified in the NRSP study area in surveys conducted 
between 2002 and 2005. These species include: slender mariposa lily (Calochortus clavatus var. 
gracilis), Pierson’s morning-glory (Calystegia peirsonii), island mountain-mahogany 
(Cercocarpus betuloides var. blancheae), San Fernando Valley spineflower (Chorizanthe parryi 
var. Fernandina), everlasting (Gnaphalium sp. nova), southwestern spiny rush (Juncus acutus 
var. leopoldii), Parish’s big sagebrush scrub (Artemisia tridentata ssp. parishii), and oak trees 
(Quercus spp.). These and other special-status species that have the potential to occur within the 
Newhall Ranch project area, based on the presence of suitable habitat and soils, are listed in 
Table 4 and depicted on Figures 3 and 4 in the map pocket.  This list is confined primarily 
species listed by the state and federal government as threatened or endangered, species proposed 
for state and/or federal listing or candidates, species found on Lists 1A, 1B, or 2 of the CNPS 
Inventory of Rare and Endangered Plants of California (CNPS 2001).  A number of species 
found on CNPS Lists 3 or 4 also have the potential to occur on site (e.g., Calystegia peirsonii); 
however, due to their relatively low sensitivity level, CNPS Lists 3 or 4 plants are only discussed 
in the following sections if they were observed in the NRSP study area. 
 
Everlasting (Gnaphalium sp. nova) is an undescribed species and is considered special-status for 
the purpose of this study. 
 
Special-status species that were observed during the four years of field surveys are discussed in 
greater detail below.  Any additional information regarding the mapping for each observed or 
detected special-status species is included in Sections 4.2.1 through 4.2.9 below. 
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TABLE 4 
Special-status Plant Species Observed or Potentially Occurring at the NRSP Study Area 

 
 
Scientific 
Name 

 
Common 
Name 

Status 
Federal/State 

 
CNPS 
List 

Primary Habitat 
Associations/Life Form/ 
Blooming Period 

 
Presence or Likelihood of Occurrence 
Onsite 

Arenaria 
paludicola 

marsh 
sandwort FE/SE 1B 

dense freshwater 
marsh/perennial herb/May-
August 
 

Not observed during the 2002 through 2005 
field seasons.   No CNDDB records exist for 
the Newhall or Val Verde quads; nearest 
occurrence is in the Santa Ana River.  Limited 
suitable habitat onsite; very low likelihood of 
occurrence within the study area. 

Artemisia 
tridentata ssp. 
parishii 

Parish’s Big 
sagebrush 
scrub 

None/None None 

Big sagebrush scrub on the 
margins of drainage 
channels/perennial 
shrub/November-August 
 

Co-occurs with Artemisia tridentata ssp. 
tridentata.  Observed within big sagebrush 
scrub within Newhall Ranch Specific Plan 
(NRSP) area and in Salt Creek. Considered 
special-status by the County of Los Angeles. 

Astragalus 
brauntonii 

Braunton’s 
milk-vetch FE/None 1B 

chaparral, coastal sage scrub, 
grasslands; often on carbonate 
substrates/perennial 
herb/March-July 

Not observed during the 2002 through 2005 
field seasons.  No CNDDB records exist for 
the Newhall or Val Verde quads; nearest 
occurrence is in the Simi Hills. Suitable 
habitat exists onsite.  Moderate likelihood of 
occurrence within study area. 

Atriplex 
coulteri 

Coulter’s 
saltbush None/None 1B 

coastal sage scrub and 
grasslands on alkaline or clay 
substrate/perennial herb/March-
October 

Not observed during the 2002 through 2005 
field seasons.  No CNDDB records exist for 
the Newhall or Val Verde quads; however, 
suitable habitat present onsite.  Moderate 
likelihood of occurrence within study area. 

Atriplex 
serenana var. 
davidsonii 

Davidson’s 
saltscale None/None 1B 

coastal bluff scrub and coastal 
sage scrub on alkaline 
substrate/annual herb/May-
October 

Not observed during the 2002 through 2005 
field seasons.  No CNDDB records exist for 
the Newhall or Val Verde quads.  Atriplex 
serenana var. serenana observed onsite.  
Low likelihood of occurrence within the study 
area. 

Baccharis 
malibuensis 

Malibu 
baccharis None/None 1B 

chaparral, coastal sage scrub, 
cismontane woodland/ 
deciduous shrub/August 

Not observed during the 2002 through 2005 
field seasons.   No CNDDB records exist for 
the Newhall or Val Verde quads; closest 
known populations in the western Santa 
Monica Mountains near Malibu.  Not 
expected to occur within the study area. 

Berberis 
nevinii 

Nevin’s 
barberry FE/SE 1B 

chaparral, coastal sage scrub, 
riparian scrub, cismontane 
woodland on sandy or gravelly 
substrate/evergreen 
shrub/March-April 

Not observed during the 2002 through 2005 
field seasons.   CNDDB records exist for San 
Francisquito Canyon at confluence with 
Santa Clara River; suitable habitat present 
onsite. Moderate likelihood of occurrence 
within study area. 

Brodiaea 
filifolia 

thread-
leaved 
Brodiaea 

FT/SE 1B 
clay substrate openings in 
chaparral, sage scrub, and 
grasslands/perennial herb 
(geophyte)/March-June 

Not observed during the 2002 through 2005 
field seasons.   No CNDDB records exist for 
the Newhall or Val Verde quads; nearest 
occurrence is in San Dimas.  Suitable habitat 
present onsite. Low likelihood of occurrence 
within study area. 

Calochortus 
clavatus var. 
clavatus 

club-haired 
mariposa lily None/None 4 

chaparral and coastal sage 
scrub/ perennial herb 
(geophyte)/March-May 

Not observed during the 2002 through 2005 
field seasons.   No CNDDB records exist for 
Newhall and Val Verde quads. Very low 
likelihood of occurrence in study area. 
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TABLE 4 
Special-status Plant Species Observed or Potentially Occurring at the NRSP Study Area 

 
 
Scientific 
Name 

 
Common 
Name 

Status 
Federal/State 

 
CNPS 
List 

Primary Habitat 
Associations/Life Form/ 
Blooming Period 

 
Presence or Likelihood of Occurrence 
Onsite 

Calochortus 
clavatus var. 
gracilis 

slender 
mariposa lily None/None 1B 

chaparral and coastal sage 
scrub/perennial herb 
(geophyte)/March-May 

Observed each year of field surveys on north 
tending slopes throughout the study area.  
This species is locally abundant. The 
estimated number of individuals in the study 
area ranged from 3,071 in 2005 to 68,888 in 
2004. CNDDB records also exist for mouth 
of Pico Canyon. 

Calochortus 
plummerae 

Plummer’s 
mariposa lily None/None 1B 

chaparral, coastal sage scrub, 
cismontane woodland, 
grasslands on rocky granitic 
substrate/perennial herb 
(geophyte)/May-July 

Not observed during the 2002 through 2005 
field seasons.   No CNDDB records exist for 
the Newhall or Val Verde quads; however, 
records exist for the Santa Susana 
Mountains and Simi Hills.  Suitable habitat 
exists onsite.  Moderate likelihood of 
occurrence within study area. 

Calochortus 
weedii var. 
vestus 

late-flowered 
mariposa lily None/None 1B 

chaparral, cismontane & 
riparian woodland/perennial 
herb (geophyte)/ June-August 

Not observed during the 2002 through 2005 
field seasons.   No CNDDB records exist for 
the Newhall or Val Verde quads; however, 
habitat similar to where species occurs in 
eastern Ventura County is present onsite.  
This species was observed at the head of 
the Salt Creek drainage in the Santa Susana 
Mountains to the southwest during the 2003 
field season. Moderate likelihood of 
occurrence within study area. 

Calystegia 
peirsonii 

Peirson’s 
morning-
glory 

None/None 4 
chaparral, coastal sage scrub, 
cismontane woodland, 
grassland/ perennial herb/May-
June 

Observed in chaparral and California 
sagebrush throughout the study area. 

Calystegia 
sepium ssp. 
binghamiae 

Santa 
Barbara 
morning-
glory 

None/None 1A marshes and swamps/perennial 
herb/ April-May 

Not observed during the 2002 through 2005 
field seasons.   No CNDDB records exist for 
the Newhall or Val Verde quads; however, 
limited suitable habitat present onsite.  Low 
likelihood of occurrence within study area. 

Centromadia 
[=Hemizonia] 
parryi ssp. 
australis 

southern 
tarplant None/None 1B 

mesic edges of marshes in 
grasslands/ annual herb/May-
November 

Not observed during four years of field 
surveys.  No CNDDB records exist for the 
Newhall or Val Verde quads; however, 
suitable habitat present onsite.  Low 
likelihood of occurrence within study area. 

Cercocarpus 
betuloides var. 
blancheae 

island 
mountain-
mahogany 

None/None 4 
chaparral, closed-cone 
coniferous forest/evergreen 
shrub/February-May 

Observed in mixed chaparral in the study 
area during the 2005 field season. 

Chorizanthe 
parryi var. 
fernandina 

San 
Fernando 
Valley 
spineflower 

FC/SE 1B Coastal sage scrub, sandy 
soils/annual herb/April-June 

Observed onsite in five general areas within 
the survey area: Airport Mesa, Grapevine 
Mesa, Long Canyon, Potrero Canyon, and 
San Martinez Grande Canyon.  An estimated 
8,332 to 6,249,926 individuals were 
observed between the 2002-2005 growing 
seasons.  

Deinandra 
[=Hemizonia] 
minthornii 

Santa 
Susana 
tarplant 

None/SR 1B 
chaparral and coastal sage 
scrub on rocky 
substrate/deciduous shrub/July-

Not observed during the 2002 through 2005 
field seasons.   No CNDDB records exist for 
the Newhall or Val Verde quads; however, 
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TABLE 4 
Special-status Plant Species Observed or Potentially Occurring at the NRSP Study Area 

 
 
Scientific 
Name 

 
Common 
Name 

Status 
Federal/State 

 
CNPS 
List 

Primary Habitat 
Associations/Life Form/ 
Blooming Period 

 
Presence or Likelihood of Occurrence 
Onsite 

November records exist for the Simi Hills and Oat 
Mountain. Suitable habitat exists onsite.  
Moderate likelihood of occurrence within 
study area. 

Delphinium 
parryi ssp. 
blochmaniae 

dune 
larkspur None/None 1B 

maritime chaparral, coastal 
dunes/ perennial herb/ April-
may 

Not observed during the 2002 through 2005 
field seasons.   No likelihood of occurrence. 

Dodecahema 
leptoceras 

slender-
horned 
spineflower 

FE/SE 1B 
Alluvial scrub on sandy 
substrate/annual herb/April-
June 

Not observed during the 2002 through 2005 
field seasons.  Historic CNDDB records exist 
for the Newhall or Val Verde quads in alluvial 
habitat similar to those present onsite. 
Moderate likelihood of occurrence within 
Santa Clara River in study area.  

Dudleya 
blochmaniae 
ssp. 
blochmaniae 

Blochman’s 
dudleya None/None 1B 

clay openings in chaparral and 
coastal sage scrub, 
grasslands/perennial herb/April-
June 

Not observed during the 2002 through 2005 
field seasons.   No CNDDB records exist for 
the Newhall or Val Verde quads. Suitable 
habitat present onsite.  Low likelihood of 
occurrence within study area. 

Dudleya 
cymosa ssp. 
marcescens 

marcescent 
dudleya FT/CR 1B 

chaparral, often on volcanic 
substrate/perennial herb 
(geophyte)/ April-June 

Not observed during the 2002 through 2005 
field seasons.  No CNDDB records exist for 
Newhall and Val Verde quads. Unidentified 
Dudleya cymosa observed on vertical 
sandstone cliffs and slopewash in 2002 are 
actually D. lanceolata, a common species.  
Low likelihood of occurrence within study 
area. 

Dudleya 
cymosa ssp. 
ovatifolia 

Santa 
Monica 
Mountains 
dudleya 

FT/None 1B 
chaparral and coastal sage 
scrub, often on volcanic 
substrate/perennial herb 
(geophyte)/March-June 

Not observed during the 2002 through 2005 
field seasons.  No CNDDB records exist for 
Newhall and Val Verde quads. Unidentified 
Dudleya cymosa observed on vertical 
sandstone cliffs and slopewash in 2002 are 
actually D. lanceolata, a common species.  
Low likelihood of occurrence within study 
area. 

Dudleya 
multicaulis 

many-
stemmed 
dudleya 

None/None 1B 

coastal bluff scrub, coastal sage 
scrub, valley and foothill 
grassland, rocky, often clay 
substrate/perennial herb/ April-
June 

Not observed during the 2002 through 2005 
field seasons.  No CNDDB records exist for 
the Newhall or Val Verde quads; closest known 
occurrences are in Calabasas and San Dimas.  
Suitable habitat exists onsite. Low to moderate 
likelihood of occurrence within study area. 

Dudleya parva Conejo 
dudleya FT/None 1B 

coastal sage scrub and 
grassland on rocky, gravelly 
clays/perennial herb/May-June 

Not observed during the 2002 through 2005 
field seasons.   No CNDDB records exist for 
the Newhall or Val Verde quads.  Suitable 
habitat exists onsite.  Low likelihood of 
occurrence within study area. 
 

Erodium 
macrophyllum 

round-leaved 
filaree None/None 2 

cismontane woodland and 
grasslands on clay 
substrate/annual herb/March-
May 

Not observed during the 2002 through 2005 
field seasons.   No CNDDB records exist for 
the Newhall or Val Verde quads; however 
records exist for Simi Valley, and this plant was 
observed in the hills east of Castaic Lake in 
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TABLE 4 
Special-status Plant Species Observed or Potentially Occurring at the NRSP Study Area 

 
 
Scientific 
Name 

 
Common 
Name 

Status 
Federal/State 

 
CNPS 
List 

Primary Habitat 
Associations/Life Form/ 
Blooming Period 

 
Presence or Likelihood of Occurrence 
Onsite 
2003. Suitable habitat present onsite; 
moderate likelihood of occurrence in study 
area. 

Helianthus 
nuttallii ssp. 
parishii 

Los Angeles 
sunflower None/None 1A marshes and swamps/perennial 

herb/ August-October 

A Helianthus population, discovered in 2002 
at Castaic Spring, on the south side of the 
Santa Clara River between Middle Canyon 
and San Jose Flats, was determined by 
some experts to be this species, but 
determined by other experts not to be this 
species.  Based on pollen electron 
microscopy and chromosome counts, it is 
likely that the Newhall Helianthus species is 
a hybrid between H. nuttallii and H. 
californicus or an intermediate evolutionary 
step between the two species (Porter and 
Fraga 2004).  No suitable habitat observed 
in study area.  Not recorded within study 
area during 2003-2005 field seasons. 

Horkelia 
cuneata var. 
puberula 

mesa 
horkelia None/None 1B 

chaparral, cismontane 
woodland, coastal sage scrub 
on sandy or gravelly substrate/ 
perennial herb/February-
December 

Not observed during the 2002 through 2005 
field seasons.   No CNDDB records exist for 
the Newhall or Val Verde quads.  Suitable 
habitat present onsite.  Low likelihood of 
occurrence within study area. 

Juglans 
californica 

southern 
California 
black walnut 
 

None/None 4 
chaparral, cismontane 
woodland, coastal sage scrub, 
alluvial scrub/ deciduous 
tree/March-May 

Observed in past years surveys in California 
sagebrush and chaparral onsite.   

Juncus acutus 
ssp. leopoldii 

southwester
n spiny rush None/None 4 

coastal dunes, meadows, seeps, 
marshes, and swamps/ perennial 
herb/May-June 

Observed in mesic riparian areas onsite. 

Malacothamnu
s davidsonii 

Davidson’s 
bush mallow None/None 1B 

chaparral, coastal sage scrub, 
riparian woodland/ deciduous 
scrub/June-January 

Not observed during the 2002 through 2005 
field seasons.   Nearest occurrences are in 
San Fernando and Sunland.  Suitable habitat 
present onsite. Moderate likelihood of 
occurrence within study area. 

Nama 
stenocarpum mud nama None/None 2 

edges of lakes, rivers, ponds, 
vernal pools/annual/January-
July 

Not observed during the 2002 through 2005 
field seasons.   Moderate likelihood of 
occurrence on banks of Santa Clara River 
and other mesic areas onsite. No CNDDB 
records exist for the Newhall or Val Verde 
quads.  Limited suitable habitat present 
onsite.  Low likelihood of occurrence within 
study area. 

Nemophila 
parviflora var. 
quercifolia 

oak-leaved 
nemophila None/None 4 

cismontane woodland, lower 
montane coniferous 
forest/annual herb/may-June 

Not observed onsite during 2005 field 
season.  Observed in past years surveys in 
oak woodland east of Grapevine Mesa.  High 
likelihood of occurrence in study area. 
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TABLE 4 
Special-status Plant Species Observed or Potentially Occurring at the NRSP Study Area 

 
 
Scientific 
Name 

 
Common 
Name 

Status 
Federal/State 

 
CNPS 
List 

Primary Habitat 
Associations/Life Form/ 
Blooming Period 

 
Presence or Likelihood of Occurrence 
Onsite 

Nolina 
cismontane 

chaparral 
nolina None/None 1B 

chaparral, coastal sage scrub 
on sandstone or gabbro 
substrate/ perennial shrub April-
July 

Not observed during the 2002 through 2005 
field seasons.   No CNDDB records exist for 
the Newhall or Val Verde quads.  Suitable 
habitat present onsite.  Low likelihood of 
occurrence within study area. 

Opuntia 
basilaris var. 
brachyclada 

short-joint 
beavertail None/None 1B 

chaparral, Joshua tree 
woodland, Mojavean desert 
scrub/succulent shrub/ April-
June 

Not observed during the 2002 through 2005 
field seasons.  This plant was identified as 
onsite by Dudek in 2002; however, recent 
investigations indicate that the Opuntia 
basilaris plants on Newhall Ranch are not O. 
basilaris var. brachyclada, but are O. 
basilaris var. ramosa. 

Pentachaeta 
lyonii 

Lyon’s 
pentachaeta FE/SE 1B 

openings in chaparral and 
coastal sage scrub, 
grasslands/annual herb/March-
August 

Not observed during the 2002 through 2005 
field seasons.   No CNDDB records exist for 
the Newhall or Val Verde quads; nearest 
occurrences are in the Simi Valley. Suitable 
habitat present onsite.  Moderate likelihood 
of occurrence within study area. 

Rorippa 
gambelii 

Gambel’s 
watercress FE/ST 1B 

Marsh and swamps (freshwater 
and brackish)/ perennial 
herb/April-September 

Not observed during the 2002 through 2005 
field seasons.    No CNDDB records exist for 
the Newhall or Val Verde quads.  Limited 
suitable habitat present onsite.  Very low 
likelihood of occurrence within study area. 

Senecio 
aphanactis 

rayless 
ragwort None/None 2 

chaparral, coastal sage scrub, 
cismontane woodland on 
alkaline substrate/annual 
herb/January-April 

Not observed during the 2002 through 2005 
field seasons.   Historic CNDDB record for 
Saugus, south of Santa Clara River. Suitable 
habitat onsite.  Moderate likelihood of 
occurrence within study area. 

Sidalcea 
neomexicana 

Salt Spring 
checkerbloo
m 

None/None 2 
chaparral, coastal sage scrub, 
and playas on alkaline 
substrate/perennial herb/March-
June 

Not observed during the 2002 through 2005 
field seasons.   No CNDDB records exist for 
the Newhall or Val Verde quads; suitable 
habitat present onsite.  Moderate likelihood of 
occurrence within study area. 

Thelypteris 
puberula var. 
sonorensis 

Sonoran 
maiden fern None/None 2 meadows and seeps/perennial 

herb/ fertile January-September 

Not observed during the 2002 through 2005 
field seasons.   No CNDDB records exist for 
the Newhall or Val Verde quads; nearest 
occurrence at Point Dume. Limited suitable 
habitat present onsite.  Low likelihood of 
occurrence within study area. 

 
Legend 
FE:  Federally-listed as endangered CNPS List 1A: Plants presumed extinct in California 
FT:  Federally-listed as threatened  CNPS List 1B: Plants rare, threatened, or endangered in California and elsewhere  
FC:  Federal candidate for listing  CNPS List 2: Plants rare, threatened, or endangered in CA but more common elsewhere 
SC:  State candidate for listing  CNPS List 3: Plants about which we need more information – a review list  
SE:  State-listed as endangered  CNPS List 4: Plants of limited distribution – a watch list  
ST:  State-listed as threatened 
SR:  State-listed as rare 
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4.2.1 Slender Mariposa Lily  (Calochortus clavatus var. gracilis ) 
 
Slender mariposa lily has no state or federal status but is a CNPS List 1B.2 plant.  It is typically 
found in chaparral, coastal sage scrub, and grasslands, often on clay, and/or rocky soils.  It has 
been documented to occur at the mouth of Pico Canyon and other canyons in the vicinity of the 
NRSP study area (Newhall Quad; CNDDB 2002).  Other varieties of this species documented 
from southern California include club-haired mariposa lily (Calochortus clavatus var. clavatus) 
and pale mariposa lily (C. clavatus var. pallidus).  The club-haired mariposa lily differs in that it 
is virtually a serpentine endemic (restricted to serpentine soils) and a very robust species, 
generally attaining a height of one meter.  Pale mariposa lily differs in that the petals are a paler 
yellow, the anthers are paler (yellow to pale purple), and the hairs on the petals are not as knobby 
or club shaped.  Neither the club-haired mariposa lily nor pale mariposa have a prominent red 
line above the nectary on the petal, as is the case with the slender mariposa lily. 
 
Multiple polygons of mariposa lily were mapped within the NRSP study area by drawing 
boundaries on aerial photograph field maps around the areas that contained the mariposa lily.  
Surveys within the study area were conducted during and after the blooming season for the 
slender mariposa lily; therefore, some estimates were made based on the number of fruiting 
individuals observed.  The fruiting individuals are much more cryptic than the flowering plants; 
therefore it is expected that only a subset of the plants that were in flower earlier were observed 
and it is not possible to estimate what portion was observed.  Moreover, geophytes like 
Calochortus generally only have a fraction of the plants flower in any given year, and the non-
flowering individuals are generally not as visible. 
 
Within the NRSP study area, the slender mariposa lily was found primarily on east-, northeast-, 
and southwest-facing ridges and slopes in California sagebrush scrub, California buckwheat and 
California annual grassland vegetation communities.  The plants were generally mapped in areas 
of high vegetative cover and a variety of soil types (e.g., gravelly loam, sandy loam, rocky clay).  
This species is locally abundant within the NRSP study area, with the estimated number of 
individuals varying from 3,071 to 68,888 between 2003 and 2005.  Within the Salt Creek area, 
the estimated number of individuals was 25,967 in 2003 (Table 5).  
 

TABLE 5 
Slender Mariposa Lily Summary of Occurrence Data 

 
Estimated Number of Individuals by Year Project Area 2002 2003 2004 2005 

NRSP (including HC) Not observed 7,592 68,888 3,071 
Salt Creek area Not surveyed 25,967 Not surveyed Not surveyed 
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4.2.2 Peirson’s morning-glory  (Calystegia peirsonii) 
 
Peirson’s morning-glory has no state or federal status, but is a CNPS List 4.2 species.  This 
morning-glory is rhizomatous perennial that typically is found in more desert-like areas (e.g., 
creosote bush, Joshua tree series) at elevations which exceed 3,000 feet AMSL, although there 
are records in the CNDDB for lower elevations in the local area.  RECON (1996) concluded that 
chaparral morning-glory (Calystegia macrostegia ssp. cyclostegia) was the more common 
species in the NRSP study area.  However, after reviewing the floral bracts, leaf shape, and its 
glabrous nature, Dudek determined that the morning-glory observed in the study area is Peirson’s 
morning-glory.  This species was also recorded onsite during limited focused surveys for special-
status plant species conducted in 1992 (Dames and Moore 1993). 
 
Although not abundant, Peirson’s morning-glory is widespread onsite and was observed on 
virtually all ridges and slopes, climbing over mixed chaparral, California sagebrush scrub, 
California buckwheat, and in California annual grassland series throughout the study area.   
 
4.2.3 Island Mountain-mahogany  (Cercocarpus betuloides var. blancheae ) 
 
Island mountain-mahogany has no state or federal status, but is a CNPS List 4.3 species.  It is an 
evergreen shrub that occurs as part of the chaparral communities in Los Angeles and Ventura 
counties, as well as on several of the Channel Islands (CNPS 2001).  This species was not 
observed during limited focused surveys for special-status plant species conducted in 1992 
(Dames and Moore 1993) or general botanical surveys conducted in 1995 (RECON and Impact 
Sciences 1996).  Onsite, island mountain-mahogany occurs as an occasional component of 
chaparral series at the base of north-facing slopes.   
 
4.2.4 San Fernando Valley spineflower  (Chorizanthe parryi var. fernandina ) 
 
San Fernando Valley spineflower (SFVS) is state-listed as endangered, a candidate for federal 
listing, and is a CNPS List 1B species.  Until its rediscovery in 1999 at Laskey Mesa on 
Ahmanson Ranch in Ventura County, it was thought to be extinct.  A review of the CNDDB of 
historic occurrence of SFVS indicate that it was previously thought to occur in sandy to gravelly 
soils of washes, riverbeds, and upland areas primarily on the margins of the San Fernando Valley 
at the base of the Santa Susana Mountains, San Gabriel Mountains, and the Simi Hills.  Munz 
(1974) provides distribution information to include Orange and San Diego counties.  SFVS was 
not observed onsite during limited focused surveys for special-status plant species conducted in 
1992 (Dames and Moore 1993) or general botanical surveys conducted in 1995 (RECON and 
Impact Sciences 1996). 
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Most of the SFVS was found on slopes with a south-facing component in habitat that was open 
California sagebrush scrub, California buckwheat scrub, ecotonal California sagebrush/ 
California buckwheat and California annual grassland series, or at the edge of agricultural fields 
on mesas.  Most of the observed SFVS was found on soils mapped by the USDA (1969) as 
slightly eroded to eroded Castaic-Balcom silty clay loam (30-50 percent slopes) or Terrace 
Escarpments.  Plants in the vicinity of Grapevine and Airport mesas were observed down slope 
of terrace surfaces capped by Zamora clay loam (2-9 percent slopes).  Elevations at SFVS 
locations onsite range from approximately 1,000 to 1,300 feet AMSL. 
 
Vegetative cover in the area of SFVS occurrences ranged from five to 100 percent, but was more 
commonly between 60 and 80 percent.  The soil type for all mapped SFVS occurrences in the 
NRSP study area consisted of sandy loams. 
 
In 2002, 2003, 2004, and 2005 surveys for SFVS were conducted throughout the NRSP and the 
Entrada and VCC study areas.  Results from the 2002 surveys included population estimates for 
the senescent remains of SFVS plants that were observed during the 2002 surveys (but which 
germinated prior to 2002).  Pre-2002 plants were estimated to include approximately 3,153,190 
individuals, while plants that germinated in 2002 were estimated to include approximately 7,810 
individuals.  In 2003, surveys estimated populations of SFVS totaling approximately 5,775,460 
individuals.  In 2004, the total population of SFVS at Newhall Land was estimated to be 
approximately 525,390 individuals.  In 2005, the total population of SFVS at Newhall Land was 
estimated to be approximately 7,223,570 individuals.  
 
2003 surveys conducted for SFVS throughout the Salt Creek area were negative.  Table 6 
presents the SFVS occurrence data for the NRSP study area. 
 

TABLE 6 
San Fernando Valley Spineflower Summary of Occurrence Data 

for the Newhall Ranch SPA, 2005 
 
Estimated Number of Individuals by Year NRSP Subarea 2002 2003 2004 2005 

Airport Mesa 463 1,114,559 38,236 1,706,335 
Grapevine Mesa 7,794 2,121,160 425,235 4,092,910 
Potrero Canyon Not surveyed 233,328 13,326 327,154 
San Martinez Grande Canyon 75 1,124,388 1,387 123,527 
Total for the Newhall Ranch SPA 8,332 4,593,435 478,184 6,249,926 
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4.2.5 Everlasting  (Gnaphalium sp. nova ) 
 
An undescribed species of Gnaphalium was documented within the NRSP study area during the 
2003, 2004, and 2005 field seasons.  Two main populations of this undescribed species, totaling 
about 600 individuals, were documented in 2003 in the Santa Clara River and in Castaic Creek 
south of SR-126.  During the 2004 surveys conducted by FLx, these two occurrences were noted 
again with about 700 plants.  In 2005, the two NRSP occurrences consisted of approximately 800 
individuals and five individuals.  These occurrences are primarily on secondary alluvial benches.  
The vegetation around these plants consists of sparsely vegetated open alluvial scrub.  
 
Plants of this unnamed everlasting were previously assigned to the species Gnaphalium 
leucocephalum, which is not thought to occur west of the Peninsular and Transverse Ranges in 
California.  Based on further examination, these specimens are considered by UC Riverside 
(UCR) and Rancho Santa Ana Botanic Garden (RSA) botanists to be an undescribed taxon 
(Gnaphalium species nova).  The Gnaphalium plants on the NRSP study area differ from 
Gnaphalium leucocephalum in stature, pubescence, and phyllary characters.   
 
A search of three herbaria (UCR, RSA, and the San Diego Natural History Museum) by Dudek 
biologist Marc Doalson revealed that 14 collections of this plant have been made in Ventura, 
Orange, Riverside, Los Angeles, and San Diego counties.  Eight collections date from 1901 to 
1987 (1901, 1918, 1922, 1928, 1931, 1959, 1985 and 1987).  There are six more recent 
collections dating from 1994 to 2003 (1994, two from 1995, 1997 and two from 2003).  Many 
are from somewhat vague localities, such as "San Fernando Valley" and "Pasadena.”  Modern 
collections have come mostly from the Santa Ana Mountains region and especially Temescal 
Wash in western Riverside County, with several collections from adjacent San Diego County.  In 
addition to the herbaria specimens, the G. sp. nova has been observed in 2003 and 2004 along 
Castaic Creek and the Santa Clara River in Los Angeles County (Dudek 2004).  Plants are 
almost always associated with alluvial soils, often being found on the benches along major 
washes.   
 
4.2.6  Southwestern Spiny Rush (Juncus acutus var. leopoldii ) 
 
Southwestern spiny rush has no state or federal status, but is a CNPS List 4.2 species.  It is a 
perennial herb that grows in mesic areas such as meadows, marshes, and seeps. It is widespread 
occurring from San Louis Obispo to Baja California, Mexico (CNPS 2001).  Southwestern spiny 
rush was occasional in mesic riparian areas along the Santa Clara River.   
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4.2.7 Parish’s Big Sagebrush Scrub (Artemisia tridentata ssp. Parishii) 
 
Artemisia tridentata ssp. parishii is not a CNPS special-status species, but is considered sensitive 
by the County of Los Angeles.  This subspecies co-occurs with the more common Artemisia 
tridentata ssp. tridentata. According to The Jepson Manual (Hickman, et. al., 1993), the 
differentiating characteristics between the two subspecies in question are as follows:  
inflorescence branches drooping and fruit hairy in subspecies parishii, and inflorescence 
branches erect to spreading and fruit glandular in subspecies tridentata.  Artemisia tridentata 
plants were evaluated within the Landmark Village portion of NRSP in November 2005. 
 
There are big sagebrush plants with drooping inflorescence branches (A.t. parishii) and erect 
inflorescence branches (A.T. tridentata) that co-occur there, so collections of both were made.  
After analyzing the characteristics of numerous samples, including examining the fruits under a 
microscope, it was determined that both subspecies probably occur there.  However, it appears as 
though these two subspecies also may hybridize, as the full range of characteristics (drooping 
and erect inflorescence branches and hairy and glandular fruit) were found among the collected 
specimens. 
 
The characteristics were generally consistent among individual plants that seemed to fit into 
either subspecies parishii or subspecies tridentata (i.e., a plant with drooping inflorescence 
branches and hairy fruit had drooping inflorescence branches and hairy fruit throughout the 
plant).  However, plants that appeared to be hybrids sometimes had mixed characters throughout.   
 
4.2.8  Oak trees (Quercus spp.)  
 
Oak trees have no state or federal sensitivity status, but are protected under the County of Los 
Angeles Oak Tree Ordinance (CLAOTO) and CEQA. Oak tree surveys have been conducted 
within the portions of the Project site (including a 200 foot buffer) where development would 
occur while the number of oak trees to preserved within protected areas (e.g., High Country and 
River Corridor SMAs, proposed Spineflower Preserves, and Open Areas) has been estimated. 
The surveys and density estimates identified 20,100 oak trees potentially regulated by CLAOTO 
and PRC 21083. The vast majority of the oaks on the site are coast live oak (Quercus agrifolia; 
15,948), but valley oaks (Q. lobata; 4,100), scrub oaks (Q. berberidifolia; 49), and MacDonald 
oak (Q. x macdonaldii; 3) (a hybrid or evolutionary intermediate between a valley oak and a 
scrub oak) also occur. 
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4.2.9 Bryophytes and Lichens 
 
Bryophytes (non-vascular plants including mosses, liverworts, and hornworts) are plants which 
lack true vascular tissues (specialized water and nutrient conducting vessicles) found in 
angiosperms (i.e. flowering plants) and gymnosperms (i.e. cone producing plants).  Since these 
non-vascular plants lack water transporting tissues, their life histories require that they inhabit 
areas of high humidity or places where water is immediately available.  These areas can be found 
adjacent to permanent or temporary water sources or in microhabitats which provide sufficient 
moisture.  Overall, Newhall Ranch is typical of the Mediterranean climate in Southern California 
and does not exhibit conditions favorable for a diverse flora of bryophytes.  However, 
bryophytes were detected during surveys along north facing slopes, shady areas in canyons, and 
along cut banks in ephemeral drainages. 
 
Lichens are not classified as true plants but rather are a symbiotic relationship between fungi and 
green algae and/or cyanobacteria.  The relationship between the organisms of these phyla have 
allowed for their colonization of diverse niches throughout the world.  Lichens were detected in 
the surveys of the NRSP study area however, appropriate habitat for lichens was limited to 
scattered non-granitic rocks and soils and fallen wood of trees and shrubs.  No special-status 
bryophytes or lichens are recorded as occurring in the proximity of the NRSP study area(CDFG 
2004). 
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LYCOPODIAE 
 
SELAGINELLACEAE – SPIKE-MOSS FAMILY 

Selaginella bigelovii – Bigelow's spike-moss 
 

EQUISETAE 
 
EQUISETACEAE – HORSETAIL FAMILY 

Equisetum hyemale – common scouring-rush 
Equisetum laevigatum – smooth scouring-rush 
Equisetum telmateia – giant horsetail 

 
FILACEAE 

 
AZOLLACEAE – MOSQUITO FERN FAMILY 

Azolla c.f. filiculoides – duckweed fern 
 
DENNSTAEDTIACEAE – BRAKEN FAMILY 

Adiantum jordani – California maiden-hair 
Pellaea andromedifolia – coffee fern 
Pellaea mucronata var. mucronata – bird's-foot fern 
Pentagramma triangularis – goldenback fern 

 
DRYOPTERIDACEAE – WOOD FERN FAMILY 

Dryopteris arguta – coastal wood fern 
 
POLYPODIACEAE – POLYPODY FAMILY 

Polypodium californicum – California polypody 
 

CONIFERAE 
 
CUPRESSACEAE – CYPRESS FAMILY 
* Cedrus deodara – Deodar cedar 

Juniperus californica – California juniper 
 
PINACEAE – PINE FAMILY 
* Pinus halepensis – Aleppo pine 
* Pinus pinea – stone pine 
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ANGIOSPERMAE (DICOTYLEDONES) 
 
AIZOACEAE – FIG-MARIGOLD FAMILY 
* Aptenia cordifolia – baby sun-rose 
* Carpobrotus sp. – sea-fig 
 
AMARANTHACEAE – AMARANTH FAMILY 
* Amaranthus albus – tumbleweed 

Amaranthus blitoides – prostrate amaranth 
* Amaranthus hybridus – amaranth 

Amaranthus palmeri – Palmer’s amaranth 
Amaranthus powellii – Powell’s amaranth 

* Amaranthus retroflexus – rough pigweed 
 
ANACARDIACEAE – SUMAC FAMILY 

Malosma laurina – laurel sumac 
Rhus ovata – sugar-bush 
Rhus trilobata – squaw bush 

* Schinus molle – Peruvian pepper-tree 
Toxicodendron diversilobum – poison-oak 

 
APIACEAE – CARROT FAMILY 
* Anethum graveolens – dill 

Apiastrum angustifolium – wild celery 
* Apium graveolens – celery 

Berula erecta – cutleaf water-parsnip 
Bowlesia incana – American Bowlesia 

* Conium maculatum – poison hemlock 
* Coriandrum sativum – cilantro 
* Daucus carota – Queen Anne’s lace 

Daucus pusillus – rattlesnake weed 
Lomatium utriculatum – common lomatium 
Lomatium caruifolium - Alkali parsnip  
Sanicula bipinnata – poison sanicle 

 Osmorhiza brachypoda – California sweet-cicely 
* Petroselinum crispum - parsley 
 Sanicula crassicaulis – Pacific sanicle 
* Torilis arvensis – Japanese hedge-parseley 
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* Torilis nodosa – knot hedge-parseley 
 Yabea microcarpa - California hedge parsley  
 
APOCYNACEAE – DOGBANE FAMILY 

Apocynum cannabinum – Indian hemp 
* Vinca major – periwinkle 
 
ASCLEPIADACEAE – MILKWEED FAMILY 

Asclepias californica – California milkweed 
Asclepias fascicularis – narrow-leaf milkweed 

 
ASTERACEAE – SUNFLOWER FAMILY 

Achillea millefolium – yarrow 
Achyrachaena mollis – blow-wives 
Acourtia microcephala – sacapellote 
Agoseris grandiflora – large-flowered agoseris 

 Agoseris retrorsa – spear-leaf agoseris 
Ambrosia acanthicarpa – annual burweed 
Ambrosia confertifolia – weak-leaved burweed 
Ambrosia psilostachya – western ragweed 
Artemisia californica – coastal sagebrush 
Artemisia douglasiana – California mugwort 
Artemisia dracunculus – tarragon 
Artemisia tridentata – Great Basin sagebrush 
Baccharis douglasii – marsh baccharis 
Baccharis emoryi – Emory’s baccharis 
Baccharis pilularis – coyote brush 
Baccharis salicifolia – mule fat 
Baccharis sarothroides – chaparral broom 
Brickellia californica – California brickellbush 
Brickellia nevinii – Nevin's brickellbush 

* Carduus pycnocephalus – Italian thistle 
* Centaurea melitensis – star thistle 

Chaenactis artemisiifolia – artemisia pincushion  
Chaenactis glabriuscula – yellow pincushion 

* Chrysothamnus nauseosus – rubber rabbitbrush 
Cirsium occidentale var. californicum – California thistle 
Cirsium occidentale var. occidentale – cobwebby thistle 
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* Cirsium vulgare – bull thistle 
* Cnicus benedictus – blessed thistle 

Conyza canadensis – horseweed 
Conyza coulteri – Coulter’s conyza 
Coreopsis bigelovii – Bigelow’s coreopsis 

* Coreopsis tinctoria – calliopsis 
Corethrogyne filaginifolia – virgate cudweed aster 

* Cotula coronopifolia – African brass-buttons 
* Cotula australis - Australian brass-buttons 
 Deinandra increscens ssp. increscens – no common name 

Encelia actoni – Acton’s encelia 
Encelia californica – California bush sunflower 
Encelia farinosa – brittlebush, incensio 
Ericameria palmeri var. pachylepis – goldenbush 
Ericameria pinifolia – pine-bush 
Erigeron foliosus – leafy daisy 
Eriophyllum confertiflorum – long-stem golden yarrow 
Euthamia occidentalis – western goldenrod 
Filago californica – California fluffweed 

* Filago gallica – narrow-leaf filago 
* Gazania linearis – gazania 

Gnaphalium bicolor – bicolor cudweed 
Gnaphalium californicum – California everlasting 
Gnaphalium canescens ssp. microcephalum – white everlasting 
Gnaphalium leucocephalum – Sonora everlasting 
Gnaphalium luteo-album – white cudweed 
Gnaphalium sp. nova – everlasting 
Gnaphalium palustre – lowland cudweed 
Gnaphalium stramineum – cotton-batting plant 
Grindelia sp. – gumplant 
Hazardia squarrosa ssp. grindelioides – saw-toothed goldenbush 
Helianthus annuus – common sunflower 
Helianthus nuttallii c.f. ssp. parishii – Los Angeles sunflower 
Hemizonia fasciculata – fascicled tarweed 
Hemizonia kelloggii – Kellogg’s tarweed 
Heterotheca grandiflora – telegraph weed 
Heterotheca sessiliflora – golden aster 
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Hypochaeris glabrata – smooth cat’s ear 
* Hypochaeris radicata – hairy cat’s ear 

Isocoma menziesii – goldenbush 
Isocoma menziesii var. menziesii [Haplopappus venetus] - Menzies' goldenbush  
Iva axillaris – poverty weed 

* Lactuca saligna – willowleaf lettuce 
* Lactuca serriola – prickly lettuce 

Lagophylla ramosissima – common hareleaf 
Lasthenia californica – coast goldfields 
Layia glandulosa – white layia 

 Layia platyglossa – tidy tips 
Lepidospartum squamatum – scale-broom 
Lessingia filaginifolia – California aster 
Lessingia glandulifera – lessingia 
Madia exigua – small tarweed 

 Madia gracilis – slender madia 
 Malacothrix clevelandii – Cleveland’s malacothrix 

Malacothrix saxatilis – cliff malacothrix 
* Matricaria matricarioides – pineapple weed 

Micropus californicus – slender cottonweed 
* Picris echioides – bristly ox-tongue 

Pluchea odorata – marsh-fleabane 
Pluchea sericea – arrow weed 
Psilocarphus tenellus – slender woolly-heads  

* Pulicaria paludosa – Spanish sunflower 
Rafinesquia californica – California chicory 
Senecio californicus – California butterweed 
Senecio flaccidus var. douglasii – butterweed 

* Senecio vulgaris – common groundsel 
Silybum marianum – milk thistle 
Solidago californica – California goldenrod 

* Sonchus asper – prickly sow-thistle 
* Sonchus oleraceus – common sow-thistle 
* Spartium junceum – Spanish broom 
 Stebbinoseris heterocarpa [Microseris heterocarpa] – brown puffs 
 Stephanomeria cichoriacea - chicory-leaved Stephanomeria 
 Stephanomeria exigua – small wreathplant 
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 Stephanomeria pauciflora – wire-lettuce 
Stephanomeria virgata – twiggy wreathplant 
Stylocline gnaphaloides – everlasting nest-straw 
Uropappus lindleyi [Microseris lindleyi] – silver puffs 
Wyethia ovata – mule ears 
Xanthium spinosum – spiny cocklebur 
Xanthium strumarium – cocklebur 

 
BETULACEAE – BIRCH FAMILY 

Alnus rhombifolia – white alder 
 
BORAGINACEAE – BORAGE FAMILY 

Amsinckia menziesii var. intermedia – yellow fiddleneck 
Amsinckia menziesii var. menziesii – yellow fiddleneck 
Amsinckia tessellata – devil’s lettuce 
Cryptantha sp. – forget-me-not 
Cryptantha decipiens – gravel cryptantha 
Cryptantha intermedia – common forget-me-not 
Cryptantha micrantha – redroot cryptantha 

 Cryptantha microstachys – tejon cryptantha 
 Cryptantha muricata – prickly cryptantha 

Heliotropium curassavicum – wild heliotrope 
Pectocarya linearis – slender pectocarya 
Pectocarya penincillata – pectocarya 
Pectocarya setosav – pectocarya 
Plagiobothrys arizonicus – popcorn flower 
Plagiobothrys canescens – rusty popcorn flower 
Plagiobothrys collinus – California popcorn flower 

 Plagiobothrys fulvus – common popcorn flower 
 
BRASSICACEAE – MUSTARD FAMILY 

Arabis sparsiflora – no common name 
Athysanus pusillus – dwarf athysanus 

* Brassica nigra – black mustard 
* Capsella bursa-pastoris – shepard's purse 

Caulanthus lasiophyllus – California mustard 
Descurainia pinnata ssp. halictorum – tansy mustard 
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 Erysimum capitatum – wall flower 
* Hirschfeldia incana – short-podded mustard 

Lepidium lasiocarpum – peppergrass 
* Lepidium latifolium – peppergrass 

Lepidium oblongum - peppergrass 
Lepidium virginicum – wild peppergrass 

* Lobularia maritime – sweet-alyssum 
* Raphanus sativus – wild radish 
* Rorippa nasturtium-aquaticum – water cress 
* Sisymbrium altissimum – tumble mustard 
* Sisymbrium irio – London rocket 
* Sisymbrium officinale – hedge mustard 
* Sisymbrium orientale – Oriental mustard 

Stanleya pinnata var. pinnata – Prince’s plume 
Thysanocarpus curvipes – fringepod 
Thysanocarpus laciniatus – lacepod 
Tropidocarpum gracile – slender dobie-pod 

 
CACTACEAE – CACTUS FAMILY 
* Cereus peruvianus – Peruvian apple cactus 

Opuntia basilaris var. ramosa – beaver-tail cactus 
Opuntia californica var. parkeri – cane cholla 
Opuntia littoralis – coastal prickly-pear 
Opuntia X vaseyi – prickly-pear cactus 

* Trichocereus spachianus – golden torch cactus 
 
CAMPANULACEAE - BELLFLOWER FAMILY 
 Nemacladus ramosissimus – Nuttall’s threadplant 
 
CAPPARACEAE – CAPER FAMILY 

Isomeris arborea – bladderpod 
 
CAPRIFOLIACEAE – HONEYSUCKLE FAMILY 

Lonicera interrupta – chaparral honeysuckle  
Lonicera subspicata – southern honeysuckle 
Sambucus mexicana – Mexican elderberry 
Symphoricarpos sp. – snowberry 
Symphoricarpos c.f. mollis – spreading snowberry 
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CARYOPHYLLACEAE – PINK FAMILY 
* Cerastium glomeratum – sticky mouse-ear 
* Herniaria hirsute ssp. cinerea - gray herniaria 

Loeflingia squarrosa – no common name 
* Silene gallica – common catchfly 

Spergularia sp. – stickwort, starwort 
* Spergularia rubra – sand-spurrey 
* Spergularia c.f. villosa – villous sand-spurrey 
* Stellaria media – common chickweed 
 Stellaria nitens – shining chickweed 
 
CASURINACEAE – SHEET OAK FAMILY 
* Casuarina cunninghamiana - Austrailian Pine 
 
CHENOPODIACEAE – GOOSEFOOT FAMILY 

Atriplex canescens – four-winged saltbush 
* Atriplex heterosperma – weedy orache 

Atriplex lentiformis – big saltbush, quail brush 
* Atriplex rosea – tumbling oracle 
* Atriplex semibaccata – Australian saltbush 

Atriplex serenana var. serenana – bractscale 
Atriplex suberecta – Australian saltbush 
Atriplex triangularis – spearscale 

* Bassia hyssopifolia – five-hooked bassia 
* Beta vulgaris – garden beet 
* Chenopodium album – lamb's-quarters 
* Chenopodium ambrosioides – Mexican tea 

Chenopodium berlandieri – pitseed goosefoot 
* Chenopodium botrys – goosefoot 

Chenopodium californicum – California goosefoot 
* Chenopodium murale – nettle-leaved goosefoot 

Chenopodium rubrum – red goosefoot 
* Salsola tragus – Russian-thistle 
* Spinacia oleracea – spinach 
 
CONVOLVULACEAE – MORNING-GLORY FAMILY 

Calystegia macrostegia ssp. cyclostegia – morning-glory 
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Calystegia peirsonii – Peirson’s morning-glory 
* Convolvulus arvensis – bindweed 
 
CRASSULACEAE – STONECROP FAMILY 

Crassula connata – dwarf stonecrop 
Dudleya cymosa – unidentified dudleya 
Dudleya lanceolata – lanceleaf dudleya 

 
CUCURBITACEAE – GOURD FAMILY 

Cucurbita foetidissima – coyote-melon, calabazilla 
 Marah fabaceus - California manroot 

Marah macrocarpus – wild cucumber 
 
CUSCUTACEAE – DODDER FAMILY 

Cuscuta californica – California dodder 
Cuscuta pentagona – five-angled dodder 
Cuscuta subinclusa – canyon dodder 

 
DATISCACEAE – DASTICA FAMILY 

Dastica glomerata – Durango root 
 
ERICACEAE – HEATH FAMILY 
 Arctostaphylos glandulosa ssp. mollis - manzanita 

Arctostaphylos glauca – bigberry manzanita 
 
EUPHORBIACEAE – SPURGE FAMILY 

Chamaesyce albomarginata – rattlesnake spurge 
* Chamaesyce maculata – spotted spurge 

Chamaesyce polycarpa – small-seed sand mat 
Chamaesyce serpyllifolia – thyme-leafed spurge 
Croton californicus – California croton 
Eremocarpus setigerus – doveweed 
Euphorbia spathulata – reticulate-seed spurge 

* Ricinus communis – castor-bean 
Stillingia linearifolia – linear-leaved stillingia 
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FABACEAE – PEA FAMILY 
 Amorpha californica var. californica – false indigo 
* Acacia baileyana – golden wattle 

Astragalus didymocarpus – white dwarf locoweed 
 Astragalus gambelianus – Gambel’s locoweed 

Astragalus trichopodus – Santa Barbara locoweed 
Glycyrrhiza lepidota – wild licorice 
Lathyrus laetiflorus – wild sweet pea 
Lathyrus vestitus – wild pea 
Lotus corniculatus – bird's-foot lotus 
Lotus hamatus – grab lotus 
Lotus humistratus – lotus 
Lotus purshianus – Spanish-clover 
Lotus salsuginosus – coastal lotus 
Lotus scoparius var. scoparius – deerweed 
Lotus strigosus – strigose deerweed 
Lupinus bicolor – Lindley's annual lupine 
Lupinus excubitus – Mountain Springs bush lupine 
Lupinus excubitus var. excubitus - grape soda lupine  
Lupinus excubitus var. hallii – grape soda lupine 
Lupinus hirsutissimus – stinging lupine 
Lupinus microcarpus var. densiflorus – chick lupine 
Lupinus microcarpus var. microcarpus – chick lupine 
Lupinus sparsiflorus – Coulter's lupine 
Lupinus succulentis – arroyo lupine 
Lupinus truncatus – collar lupine 

* Medicago polymorpha – California burclover 
* Medicago polymorpha var. brevispina – short-spined California burclover 
* Medicago sativa – alfalfa 
* Melilotus alba – white sweet-clover 
* Melilotus indica – yellow sweet-clover 
* Robinia pseudoacacia – black locust 

Trifolium sp. – clover 
Trifolium albopurpureum – rancheria clover 
Trifolium ciliolatum – tree clover 

* Trifolium fragiferum – strawberry clover 
Trifolium fucatum – bull clover 
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Trifolium gracilentum – pin-point clover 
* Trifolium hirtum – rose clover 

Trifolium microcephalum – maiden clover 
* Trifolium repens – white clover 

Trifolium willdenovii – valley clover 
Vicia americana – American vetch 

 Vicia exigua – slender vetch 
Vicia hassei – Hesse’s vetch 

* Vicia villosa ssp. villosa – winter vetch 
 
FAGACEAE – BEECH FAMILY 

Quercus agrifolia – coast live oak 
Quercus berberidifolia – scrub oak 
Quercus chrysolepis – canyon live oak 

 Quercus douglasii x lobata - oak 
Quercus douglasii – blue oak 
Quercus lobata – valley oak 

 
GERANIACEAE – GERANIUM FAMILY 
* Erodium brachycarpum – shortfruit stork’s bill 
* Erodium botrys – long-beaked filaree 
* Erodium cicutarium – red-stemmed filaree 
* Erodium moschatum – white-stemmed filaree 
 
GROSSULARIACEAE – CURRANT FAMILY 

Ribes aureum – golden currant 
Ribes californicum - California gooseberry 
Ribes malvaceum – chaparral currant 

 
HYDROPHYLLACEAE – WATERLEAF FAMILY 

Emmenanthe penduliflora – whispering bells 
Eriodictyon crassifolium var. nigrescens – yerba santa 
Eucrypta chrysanthemifolia – common eucrypta 
Nemophila menziesii – baby blue-eyes 
Nemophila parviflora var. quercifolia – oak-leaved nemophila 
Nemophila pedunculata – littlefoot nemophila 
Phacelia cicutaria – caterpillar phacelia 
Phacelia cicutaria var. hispida – caterpillar phacelia 
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Phacelia cicutaria var. hubbyi - caterpillar scorpionweed  
Phacelia distans – blue fiddleneck 
Phacelia imbricata ssp. imbricata – imbricate phacelia 
Phacelia minor – wild canterbury-bell 
Phacelia ramosissima – shrubby phacelia 
Phacelia viscida - sticky phacelia 

 Pholistoma auritum – fiesta flower 
 
JUGLANDACEAE – WALNUT FAMILY 

Juglans californica – southern California black walnut 
 
LAMIACEAE – MINT FAMILY 
* Lamium amplexicaule - henbit 
* Marrubium vulgare – horehound 

Mentha citrata – orange mint 
 Monardella lanceolata - mustang mint 

Salvia apiana – white sage 
 Salvia x bernardina – no common name 

Salvia columbariae – chia 
Salvia leucophylla – purple sage 
Salvia mellifera – black sage 

 Scutellaria tuberosa – Danny’s skullcap 
Stachys ajugoides – bugle hedge-nettle 
Stachys ajugoides var. rigida – rigid hedge-nettle 
Stachys albens – white hedge-nettle 
Trichostema lanatum – woolly bluecurls  
Trichostema lanceolatum – vinegar weed 

 
LAURACEAE – LAUREL FAMILY 

Umbellularia californica – California laurel 
 
LOASACEAE – STICK-LEAF FAMILY 

Mentzelia sp. – blazing star 
Mentzelia laevicaulis – blazing star 
Mentzelia micrantha – small-flowered stick-leaf 
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LYTHRACEAE – LOOSESTRIFE FAMILY 
Lythrum californicum – California loosestrife 

 
MALVACEAE – MALLOW FAMILY 

Malacothamnus fasciculatus ssp. laxiflorus – chaparral bush mallow 
Malacothamnus fremontii – bush mallow 
Malacothamnus marrubioides – bush mallow 

* Malva neglecta – common mallow 
* Malva parviflora – cheeseweed 
 
MELIACEAE – MAHOGANY FAMILY 
* Melia azedarach – China berry 
 
MORACEAE – FIG FAMILY 
* Ficus carica – edible fig 
 
MYRTACEAE – MYRTLE FAMILY 
* Eucalyptus sp. – eucalyptus 
* Eucalyptus camaldulensis – red gum 
* Eucalyptus globulus – blue gum 
* Eucalyptus leucoxylon – white ironbark 
* Eucalyptus polyanthemos – silver dollar gum 
* Eucalyptus sideroxylon – red ironbark 
 
NYCTAGINACEAE – FOUR O'CLOCK FAMILY 

Mirabilis laevis var. crassifolia [M. californica] – California wishbone-bush 
 
OLEACEAE – OLIVE FAMILY 

Fraxinus dipetala – California ash 
* Fraxinus uhdei – tropical ash 

Fraxinus velutina – velvet ash 
* Ligustrum lucidum – glossy privet 
* Olea europaea – mission olive 
 
ONAGRACEAE – EVENING-PRIMROSE FAMILY 

Camissonia bistorta – southern sun cup 
Camissonia bistorta x hirtella – sun cup 
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Camissonia boothii – sun cup 
Camissonia boothii ssp. decorticans – shredding evening primrose 
Camissonia californica – mustard primrose 
Camissonia hirtella – sun cup 
Camissonia micrantha – miniature sun cup 
Camissonia strigulosa – sun cup 
Clarkia cylindrical – speckled clarkia 
Clarkia purpurea – winecup clarkia 
Clarkia speciosa – clarkia 
Clarkia unguiculata – elegant clarkia 
Epilobium brachycarpum – willow herb 

 Epilobium canum ssp. canum – California fuchsia 
 Epilobium ciliatum – California cottonweed 
 Ludwigia peploides – yellow waterweed 

Ludwigia repens – water primrose 
Oenothera elata – evening primrose 

* Oenothera laciniata – evening primrose 
 
OROBANCHACEAE – BROOM-RAPE FAMILY 
 Orobanche fasciculata – clustered broom-rape 

Orobanche parishii ssp. parishii – broom-rape 
Orobanche sp. – broom-rape 
 

PAEONIACEAE – PEONY FAMILY 
Paeonia californica – California peony 

 
PAPAVERACEAE – POPPY FAMILY 

Argemone corymbosa – prickly poppy 
Dendromecon rigida - tree poppy 

 Dicentra chrysantha- golden ear-drops 
 Dicentra ochroleuca - yellow bleeding heart 

Eschscholzia californica – California poppy 
Meconella denticulata – small-flower meconella 

 Papaver californicum – fire poppy 
Platystemon californicus – California creamcups 

 
PLANTAGINACEAE – PLANTAIN FAMILY 

Plantago erecta – dot-seed plantain 
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* Plantago indica – plantain 
* Plantago lanceolata – English plantain 
* Plantago major – common plantain 

Plantago c.f. ovata – woolly plantain 
 

PLATANACEAE – SYCAMORE FAMILY 
Platanus racemosa – western sycamore 

 
POLEMONIACEAE – PHLOX FAMILY 

Allophyllum divaricatum – purple false gillyflower 
Allophyllum glutinosum – sticky false gillyflower 
Eriastrum densifolium – woollystar 
Eriastrum densifolium ssp. densifolium - woollystar 
Eriastrum densifolium ssp. elongatum – elongate eriastrum 
Eriastrum densifolium ssp. mohavense – Mohave eriastrum 
Eriastrum sapphirinum – sapphire eriastrum 
Gilia angelensis – angel gilia 
Gilia capitata – globe gilia 
Gilia splendens – splendid gilia  
Leptodactylon californicum – prickly phlox 
Linanthus androsaceus – common linanthus 
Linanthus pygmaeus - linanthus 
Navarretia atractyloides – holly-leaf skunkweed 
Phlox gracilis – slender phlox 

 
POLYGONACEAE – BUCKWHEAT FAMILY 

Chorizanthe fimbriata – fringed spineflower 
Chorizanthe parryi var. fernandina – San Fernando Valley spineflower 
Chorizanthe staticoides – turkish rugging 
Eriogonum angulosum – angle-stem buckwheat 
Eriogonum baileyi – Bailey’s buckwheat 
Eriogonum brachyanthum – short-flowered buckwheat 
Eriogonum elongatum – long-stemmed buckwheat 
Eriogonum fasciculatum ssp. foliolosum – California buckwheat 
Eriogonum fasciculatum ssp. polifolium – California buckwheat 
Eriogonum gracile var. gracile – slender woolly buckwheat 
Eriogonum gracillimum – rose and white buckwheat 
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Eriogonum maculatum – spotted buckwheat 
Eriogonum nudum - naked buckwheat  
Eriogonum c.f. viridescens – buckwheat 
Lastarriaea coriacea – lastarriaea 

* Polygonum arenastrum – common knotweed 
* Polygonum argyrocoleon – smartweed 

Polygonum lapathifolium – willow weed 
Polygonum punctatum – perennial smartweed 
Pterostegia drymarioides – granny’s hairnet 

* Rumex conglomeratus – whorled dock 
* Rumex crispus – curly dock 

Rumex hymenosepalus – wild rhubarb 
Rumex maritimus – golden dock 
Rumex obtusifolius – dock 
Rumex salicifolius – willow dock 

 
PORTULACACEAE – PURSLANE FAMILY 

Calandrinia ciliata – redmaids 
Calyptridium sp. – pussypaws 
Claytonia parviflora – small-leaved montia 
Claytonia perfoliata – miner’s lettuce 

* Portulaca oleracea – common purslane 
 
PRIMULACEAE - PRIMROSE FAMILY 
* Anagallis arvensis – scarlet pimpernel 
 
RANUNUCULACEAE – BUTTERCUP FAMILY 

Clematis ligusticifolia – yerba de chiva 
Clematis pauciflora- ropevine 
Delphinium cardinale – scarlet larkspur 
Delphinium parryi ssp. parryi – Parry’s larkspur 

 
RHAMNACEAE – BUCKTHORN FAMILY 

Ceanothus crassifolius – hoary-leaved ceanothus 
 Ceanothus foliosus – southern blue lilac 
 Ceanothus leucodermis – white-bark ceanothus 

Ceanothus tomentosus – woolyleaf ceanothus 
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Rhamnus crocea – redberry 
Rhamnus ilicifolia – holly-leaf redberry 

 
ROSACEAE – ROSE FAMILY 

Adenostoma fasciculatum – chamise 
Cercocarpus betuloides – mountain-mahogany 
Cercocarpus betuloides var. betuloides – birch-leaf mountain-mahogany 
Cercocarpus betuloides var. blancheae – island mountain-mahogany 
Heteromeles arbutifolia – toyon 
Prunus ilicifolia – holly-leaf cherry 
Prunus virginiana var. demissa – western choke-cherry  
Rosa californica – California rose 
Rubus ursinus – California blackberry 

* Sangwisorba minor – garden burnet 
 
RUBIACEAE – MADDER FAMILY 

Galium angustifolium – narrow-leaved bedstraw 
* Galium aparine – goose grass 

Galium nuttallii ssp. nuttallii – San Diego bedstraw 
Galium porrigens – climbing bedstraw 
 

SALICACEAE – WILLOW FAMILY 
Populus fremontii – Fremont's cottonwood 
Populus tremuloides – Quaking aspen 
Salix exigua – narrow-leaved willow 
Salix gooddingii – black willow 
Salix laevigata – red willow 
Salix lasiolepis – arroyo willow 
Salix lucida ssp. lasiandra – golden willow 

 
SAURURACEAE – LIZARD'S-TAIL FAMILY 

Anemopsis californica – yerba mansa 
 

SAXIFRAGACEAE - SAXIFRAGE FAMILY 
Lithophragma bolanderi - Bolander's woodland star 
Saxifraga californica - California saxifrage 
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SCROPHULARIACEAE – FIGWORT FAMILY 
Antirrhinum coulterianum – white snapdragon 
Antirrhinum multiflorum – withered snapdragon 
Castilleja affinis – coast paintbrush 
Castilleja densiflora – dense-flowered owl's-clover 
Castilleja exserta – common owl's-clover 
Castilleja foliolosa – woolly Indian paintbrush 
Collinsia heterophylla – purple Chinese houses 
Collinsia parviflora – maiden blue eyed Mary 
Cordylanthus rigidus – bird’s beak 
Keckiella cordifolia – heart-leaf penstemon 
Linaria canadensis – toadflax 
Mimulus aurantiacus – bush monkeyflower 
Mimulus aurantiacus var. pubescens – bush monkeyflower 
Mimulus brevipes - yellow monkeyflower 
Mimulus guttatus – seep monkeyflower 
Mimulus pilosus – downy monkeyflower 
Penstemon centranthifolius – scarlet bugler 

 Scrophularia californica - California figwort 
* Verbascum thapsus – woolly mullein 
* Verbascum virgatum – wand mullein 
* Veronica anagallis-aquatica – water speedwell 
* Veronica persica – Persian speedwell 
 
SIMAROUBACEAE – QUASSIA FAMILY 
* Ailanthus altissima – tree of heaven 

 
SOLANACEAE – NIGHTSHADE FAMILY 

Datura wrightii – western jimsonweed 
* Nicotiana glauca – tree tobacco 

Nicotiana quadrivalvis – Indian tobacco 
* Solanum americanum – small-flowered nightshade 

Solanum douglasii – white nightshade 
* Solanum eleagnifolium – silver leaf horse-nettle 
* Solanum sarrachoides – hairy nightshade 

Solanum xanti – chaparral nightshade 
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TAMARICACEAE – TAMARISK FAMILY 
* Tamarix sp. – tamarisk 
* Tamarix ramoissima – tamarisk 
ULMACEAE – ELM FAMILY 
* Ulmus pumila – Siberian elm 
 
URTICACEAE – NETTLE FAMILY 

Hesperocnide tenella – western nettle 
Parietaria hespera – western pellitory 
Urtica dioica – giant creek nettle 

* Urtica urens – dwarf nettle 
 
VERBENACEAE – VERVAIN FAMILY 

Verbena lasiostachys – western verbena 
 
VIOLACEAE – VIOLET FAMILY 

Viola pedunculata – Johnny jump-ups 
 
VISCACEAE – MISTLETOE FAMILY 

Phoradendron macrophyllum – big leaf mistletoe 
Phoradendron villosum – oak mistletoe 

 
VITACEAE – GRAPE FAMILY 

Parthenocissus vitacea – woodbine, Virginia creeper 
Vitis girdiana – desert wild grape 
 

ZYGOPHYLLACEAE – CALTROP FAMILY 
* Tribulus terrestris – puncture vine 
 

ANGIOSPERMAE (MONOCOTYLEDONES) 
 
ARECACEAE – PALM FAMILY 
* Washingtonia robusta – Mexican fan palm 
 
CYPERACEAE – SEDGE FAMILY 

Carex alma – sturdy sedge 
Carex praegracilis – clustered field sedge 
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Carex sp. – sedge 
Cyperus eragrostis – tall cyperus 
Cyperus esculentus – yellow nut-grass 

* Cyperus involucratus – nutsedge 
Cyperus odoratus – coarse cyperus 
Eleocharis montevidensis – slender creeping spike-rush 
Eleocharis parishii – Parish’s spikerush 
Eleocharis rostellata – beaked spikerush 
Scirpus acutus – hard-stemmed bulrush 
Scirpus americanus – winged three-square 
Scirpus maritimus – alkali bulrush 
Scirpus microcarpus – bulrush 
Scirpus robustus – Pacific coast bulrush 

 
IRIDACEAE - IRIS FAMILY  
 Sisyrinchium bellum – blue-eyed grass 
 
JUNCACEAE – RUSH FAMILY 

Juncus sp. – rush 
Juncus acutus ssp. leopoldii – southwestern spiny rush 
Juncus balticus – wire rush 
Juncus bufonius – toad rush 
Juncus longistylis – rush 
Juncus mexicanus – Mexican rush 
Juncus rugulosus – wrinkled rush 
Juncus textilis – Indian rush 
Juncus torreyi – rush 
Juncus triformis – Yosemite dwarf rush 
Juncus xiphioides – iris-leaved rush 

 
LEMNACEAE – DUCKWEED FAMILY 

Lemna miniscula – duckweed 
Lemna valdiviana – duckweed 

 
LILIACEAE – LILY FAMILY 
* Allium cepa – onion 

Allium porrum – onion 
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* Amaryllis bella-donna – naked lady 
* Asparagus officinalis – asparagus 

Bloomeria crocea – common goldenstar 
Brodiaea terrestris ssp. kernensis – dwarf brodiaea 
Calochortus clavatus var. gracilis – slender mariposa lily 
Calochortus venustus – mariposa lily 

 Calochortus weedii var. vestus – late-flowered mariposa lily 
 Chlorogalum pomeridianum - soap plant 

Dichelostemma capitatum – blue dicks 
Muilla maritima – common muilla 
Yucca whipplei – Our Lord’s candle 
Yucca schidigera – Mojave Yucca 

 
POACEAE – GRASS FAMILY 

Achnatherum coronatum – giant needlegrass 
* Agrostis sp. – bentgrass 
* Agrostis viridis – water bent 
 Aristida adscensionis - six-weeks three-awn 
* Arundo donax – giant reed 
* Avena barbata – slender oat 
* Avena fatua – wild oat 

Avena sativa – cultivated oat 
* Bromus arenarius - Australian brome 

Bromus carinatus - California brome  
Bromus catharticus – California brome 
Bromus catharticus var. catharticus – California brome 

* Bromus diandrus – ripgut grass 
 Bromus grandis - tall brome 
* Bromus hordeaceus – soft chess 
* Bromus madritensis ssp. rubens – foxtail chess 
* Bromus sterilis – sterile brome 
* Bromus tectorum – cheat grass 
* Cortaderia jubata – pampas grass 
* Crypsis schoenoides – prickle grass 
* Cynodon dactylon – Bermuda grass 
* Digitaria sanguinalis – hairy crabgrass 

Distichlis spicata – salt grass 
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* Echinochloa colonum – jungle-rice 
Echinochloa crus-galli – barnyard grass 

* Eleusine indica – goose grass 
Elymus elymoides – bottlebrush squirreltail  
Elymus glaucus – western wild-rye 
Elymus multisetus – big squirreltail 
Eragrostis mexicana – lovegrass 

* Festuca arundinacea – tall fescue 
* Hordeum marinum – Mediterranean barley 
* Hordeum murinum – glaucous foxtail barley 
 Koeleria macrantha - Junegrass 
* Lamarckia aurea – goldentop 
* Leptochloa uninerva – Mexican sprangletop 

Leymus condensatus – giant ryegrass 
Leymus triticoides – beardless wild rye 

* Lolium multiflorum – Italian ryegrass 
* Lolium perenne – perennial ryegrass 
* Lolium temulentum - darnel 

Melica imperfecta – California melic 
Muhlenbergia asperifolia – scratch-grass 
Muhlenbergia microsperma – littleseed muhly 
Nassella cernua – nodding needlegrass 
Nassella lepida – foothill needlegrass 
Nassella pulchra – purple needlegrass 
Panicum capillare – western witchgrass 

* Panicum miliaceum – broom corn millet 
*  Parapholis incurve – sickle grass 

Paspalum distichum – knotgrass 
* Phalaris aquatica – Harding grass 
* Phalaris minor – Mediterranean canary grass 
* Piptatherum miliaceum – smilo grass 
* Poa annua – annual bluegrass 

Poa secunda – Malpais bluegrass 
* Polypogon interruptus – ditch beard grass 
* Polypogon monspeliensis – rabbit's-foot grass 

Schismus barbatus – abumashi 
Sorghum bicolor – sorghum 
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Sorghum halepense – Johnsongrass 
Sporobolus airoides – alkali scation 

* Triticum aestivum – cultivated wheat 
Vulpia microstachys – fescue 

* Vulpia myuros – rattail fescue 
Vulpia octoflora – six-weeks fescue 

 
POTAMOGETONACEAE – PONDWEED FAMILY 

Potamogeton foliosus – leafy pondweed 
 
TYPHACEAE – CATTAIL FAMILY 

Typha angustifolia- narrow leaved cattail 
Typha domingensis – slender cattail 
Typha latifolia – broad-leaved cattail 

 
* signifies introduced (non-native) species 
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Executive SummaryExecutive SummaryExecutive SummaryExecutive Summary 
 
Habitat loss and fragmentation are the leading threats to biodiversity, both globally and in 
southern California. Efforts to combat these threats must focus on conserving well-connected 
networks of large wildland areas where natural ecological and evolutionary processes can 
continue operating over large spatial and temporal scales—such as top-down regulation by large 
predators, and natural patterns of gene flow, pollination, dispersal, energy flow, nutrient cycling, 
inter-specific competition, and mutualism. Adequate landscape connections will thereby allow 
these ecosystems to respond appropriately to natural and unnatural environmental perturbations, 
such as fire, flood, climate change, and invasions by alien species. 

The tension between fragmentation and conservation is particularly acute in California, because 
our state is one of the 25 most important hotspots of biological diversity on Earth. And nowhere is 
the threat to connectivity more severe than in southern California—our nation’s largest urban 
area, and still one of its fastest growing urbanizing areas. But despite a half-century of rapid 
habitat conversion, southern California retains some large and valuable wildlands, and 
opportunities remain to conserve and restore a functional wildland network here. 

Although embedded in one of the world’s largest metropolitan areas, southern California’s 
archipelago of conserved wildlands is fundamentally one interconnected ecological system, and 
the goal of South Coast Missing Linkages is to keep it so. South Coast Missing Linkages is a 
collaborative effort among a dozen governmental and non-governmental organizations. Our aim 
is to develop Linkage Designs for 15 major landscape linkages to ensure a functioning wildland 
network for the South Coast Ecoregion, along with connections to neighboring ecoregions. The 
Santa Monica-Sierra Madre Connection is one of the few remaining coastal connections in the 
South Coast Ecoregion; it is a critical landscape connection to restore and protect.  

On July 29, 2002, 60 participants representing over 30 agencies, academic institutions, land 
managers, land planners, conservation organizations, and community groups met to establish 
biological foundations for planning landscape linkages in the Santa Monica-Sierra Madre 
Connection.  They identified 20 focal species that are sensitive to habitat loss and fragmentation 
here, including three plants, four insects, one fish, one amphibian, two reptiles, four birds and five 
mammals. These focal species cover a broad range of habitat and movement requirements: 
some are widespread but require huge tracts of land to support viable populations (e.g., mountain 
lion, badger); others are species with very limited spatial requirements (e.g., harvester ant). Many 
are habitat specialists (e.g., cactus wren) and others require specific configurations of habitat 
elements (e.g. steelhead trout that uses rivers for migrating and streams for rearing and 
spawning). Together, these species cover a wide array of habitats and movement needs in the 
region, so that planning adequate linkages for them is expected to cover connectivity needs for 
the ecosystems they represent. 
 
To identify potential routes between existing protected areas we conducted landscape 
permeability analyses for three focal species for which appropriate data were available. 
Permeability analyses model the relative cost for a species to move between protected core 
habitat or population areas. We defined a least-cost corridor—or best potential route—for each 
species, and then combined these into a Least Cost Union covering all three species. We then 
analyzed the size and configuration of suitable habitat patches within this Least Cost Union for all 
focal species to verify that the final Linkage Design would suit the live-in or move-through habitat 
needs of all. Where the Least Cost Union omitted areas essential to the needs of a particular 
species, we expanded the Linkage Design to accommodate that species’ particular requirements 
to produce a final Linkage Design (Figure ES-1).  We also visited priority areas in the field to 
identify and evaluate barriers to movement for our focal species. In this plan we suggest 
restoration strategies to mitigate those barriers, with special emphasis on opportunities to reduce 



 X 

the adverse effects of Interstate 101, and 5, and State Routes 23, 118, 126, and14.  Overall, the 
results and recommendations from our analyses are advisory, but can hopefully assist local 
jurisdictions, agencies, organizations, and property owners make planning and land use decisions 
that promote protection of ecological resources and habitat connectivity in the area. 
 
The ecological, educational, recreational, and spiritual values of protected wildlands in the South 
Coast Ecoregion are immense. Our Linkage Design for the Santa Monica-Sierra Madre 
Connection represents an opportunity to protect a truly functional landscape-level connection. 
The cost of implementing this vision will be substantial—but the cost is small compared with the 
benefits. If implemented, our plan would not only permit movement of individuals and genes 
between the Santa Monica Mountains and the Sierra Madre Ranges, but should also conserve 
large-scale ecosystem processes that are essential to the continued integrity of existing 
conservation investments throughout the region. We hope that our biologically based and 
repeatable procedure will be applied in other parts of California and elsewhere to ensure 
continued ecosystem integrity in perpetuity. 
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Introduction 
 

 
Nature Needs Room to Roam 
 
Movement is essential to wildlife survival, whether it be the day-to-day movements of 
individuals seeking food, shelter, or mates, dispersal of offspring (e.g., seeds, pollen, 
fledglings) to new home areas, or migration of organisms to avoid seasonally 
unfavorable conditions (Forman 1995).  Movements can lead to recolonization of 
unoccupied habitat after environmental disturbances, the healthy mixing of genes among 
populations, and the ability of organisms to respond or adapt to environmental stressors. 
Movements in natural environments lead to complex mosaics of ecological and genetic 
interactions at various spatial and temporal scales. 
 
In environments fragmented by human development, disruption of movement patterns 
can alter essential ecosystem functions, such as predator-prey relationships, gene flow, 
pollination and seed-dispersal, competitive or mutualistic relationships among species, 
resistance to invasion by alien species, energy flow, and nutrient cycling.  Without the 
ability to move among and within natural habitats, species become more susceptible to 
fire, flood, disease and other environmental disturbances and show greater rates of local 
extinction (Soulé and Terborgh 1999).  The principles of island biogeography (MacArthur 
and Wilson 1967), models of demographic stochasticity (Shaffer 1981, Soulé 1987), 
inbreeding depression (Schonewald-Cox 1983; Mills and Smouse 1994), and 
metapopulation theory (Levins 1970, Taylor 1990, Hanski and Gilpin 1991) all predict 
that isolated populations are more susceptible to extinction than connected populations. 
Establishing connections among natural lands has therefore long been recognized as 
important for sustaining natural ecological processes and biological diversity (Noss 
1987, Harris and Gallagher 1989, Noss 1991, Beier and Loe 1992, Noss 1992, Beier 
1993, Forman 1995, Beier and Noss 1998, Hunter 1999, Crooks and Soulé 1999, Soulé 
and Terborgh 1999, Penrod et al. 2001, Crooks et al. 2001, Tewksbury et al. 2002, 
Forman et al. 2003).  
 
Patterns of Habitat Conversion  
 
As a consequence of rapid habitat conversion to urban and agricultural uses, the South 
Coast Ecoregion of California (Figure 1) has become a hotspot for species at risk of 
extinction.  California has the greatest number of threatened and endangered species in 
the continental U.S, representing nearly every taxonomic group, from plants and 
invertebrates to birds, mammals, fish, amphibians, and reptiles (Wilcove et al. 1998).  In 
an analysis that identified “irreplaceable” places for preventing species extinctions (Stein 
et al. 2000), the South Coast Ecoregion stood out as one of the six most important areas 
in the United States (along with Hawaii, the San Francisco Bay Area, Southern 
Appalachians, Death Valley, and the Florida Panhandle).  The ecoregion is part of the 
California Floristic Province, one of 25 global hotspots of biodiversity, and the only one in 
North America (Mittermeier et al. 1998, Mittermeier et al. 1999).  
 
A major reason for regional declines in native species is the pattern of habitat loss.  
Species that once moved freely through a mosaic of natural vegetation types are now 
confronted with a man-made labyrinth of barriers, such as roads, homes, businesses, 
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and agricultural fields that fragment formerly expansive natural landscapes.  Movement 
patterns crucial to species survival are being permanently altered at unprecedented 
rates.  Countering this threat requires a systematic approach for identifying, protecting, 
and restoring functional connections across the landscape to allow essential ecological 
processes to continue operating as they have for millennia. 
 
A Statewide Vision  
 
In November 2000, a coalition of 
conservation and research 
organizations (California State 
Parks, California Wilderness 
Coalition, The Nature 
Conservancy, Zoological Society 
of San Diego’s Center for 
Reproduction of Endangered 
Species, and U.S. Geological 
Survey) launched a statewide 
interagency workshop at the San 
Diego Zoo entitled “Missing 
Linkages: Restoring Connectivity 
to the California Landscape”.  The 
workshop brought together over 
200 land managers and 
conservation ecologists 
representing federal, state, and 
local agencies, academic 
institutions, and non-
governmental organizations to 
delineate habitat linkages critical 
for preserving the State’s 
biodiversity.  Of the 232 linkages 
identified at the workshop, 69 are 
associated with the South Coast 
Ecoregion (Penrod et al. 2001). 
  
South Coast Missing Linkages:  A Vision for the Ecoregion 
 
Following the statewide Missing Linkages conference, South Coast Wildlands, a non-
profit organization established to pursue habitat connectivity planning in the South Coast 
Ecoregion, brought together regional ecologists to conduct a formal evaluation of these 
69 linkages.  The evaluation was designed to assess the biological irreplaceability and 
vulnerability of each linkage (sensu Noss et al. 2002).  Irreplaceability assessed the 
relative biological value of each linkage, including both terrestrial and aquatic criteria: 1) 
size of habitat blocks served by the linkage; 2) quality of existing habitat in the smaller 
habitat block; 3) quality and amount of existing habitat in the proposed linkage; 4) 
linkage to other ecoregions or key to movement through the ecoregion; 5) facilitation of 
seasonal movement and responses to climatic change; and 6) addition of value for 
aquatic ecosystems.   Vulnerability  was  evaluated  using  recent high-resolution   aerial  
 

Figure 1. South Coast Ecoregion encompasses 
roughly 8% of California and extends 300 km (190 
mi) into Baja California. 
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Figure 2.  The South Coast Missing Linkages Project addresses habitat fragmentation at 
a landscape scale, and the needs of a variety of species.  The Santa Monica-Sierra 
Madre Connection is a chain of linkages that connect the Santa Monica, Simi, Santa 
Susana, and Sierra Madre ranges, addressing two of the 15 landscape linkages 
identified as irreplaceable and imminently threatened. 
 
photographs, local planning documents, and other data concerning threats of habitat  
loss or fragmentation in the linkage area.  This process identified 15 linkages of crucial 
biological value that are likely to be irretrievably compromised by development projects 
over the next decade unless immediate conservation action occurs (Figure 2).  The 
biological integrity of several thousand square miles of the very best southern California 
wildlands would be irreversibly jeopardized if these linkages were lost. 
 
Identification of these 15 priority linkages launched the South Coast Missing Linkages 
Project.  This project is a highly collaborative effort among federal and state agencies 
and non-governmental organizations to identify and conserve landscape-level habitat 
linkages to protect essential biological and ecological processes in the South Coast 
Ecoregion.  Partners include but are not limited to: South Coast Wildlands, The 
Wildlands Conservancy, The Resources Agency California Legacy Project, California 
State Parks, California State Parks Foundation, United States Forest Service, National 
Park Service, Santa Monica Mountains Conservancy, The Nature Conservancy, Rivers 
and Mountains Conservancy, Conservation Biology Institute, San Diego State University 
Field Stations Program, Southern California Wetlands Recovery Project, Environment 
Now, Mountain Lion Foundation, and the Zoological Society of San Diego’s Center for 
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Reproduction of Endangered Species (now called Conservation and Research for 
Endangered Species).  Cross-border alliances have also been formed with Pronatura, 
Universidad Autonoma de Baja California, and Conabio to further the South Coast 
Missing Linkages initiative in northern Baja.  It is our hope that the South Coast Missing 
Linkages Project will serve as a catalyst for directing funds and attention toward the 
protection of ecological connectivity for the South Coast Ecoregion and beyond. 
 
To this end, South Coast 
Wildlands is coordinating and 
hosting regional workshops, 
providing resources to 
partnering organizations, 
conducting systematic GIS 
analyses for all 15 linkages, and 
helping to raise public 
awareness regarding habitat 
connectivity needs in the 
ecoregion. South Coast 
Wildlands has taken the lead in 
researching and planning for 8 
of the 15 linkages; while the 
National Park Service at Santa 
Monica Mountains National 
Recreation Area, Santa Monica 
Mountains Conservancy, The Nature Conservancy, San Diego State University Field 
Station Programs, California State Parks, U. S. Forest Service, and Conservation 
Biology Institute have taken the lead on the other 7 linkages.  The Santa Monica-Sierra 
Madre Connection addresses two of these 15 linkages, whose protection is crucial to 
maintaining ecological and evolutionary processes among large blocks of protected 
habitat within the South Coast Ecoregion. 
 
Ecological Significance of the Santa Monica-Sierra Madre Connection 
 
The Santa Monica-Sierra Madre Connection is one of the few coastal to inland 
connections remaining in the South Coast Ecoregion, stretching from the rugged Santa 
Monica Mountains at the coast to the gently sloping Simi Hills, and on to the jagged 
peaks of the Santa Susana Mountains and the Sierra Madre Ranges of Los Padres 
National Forest.  A rich mosaic of natural communities occur in this area, from coast live 
oak woodland, valley oak savanna, and walnut woodland, to chaparral, coastal sage 
scrub, grasslands, and diverse riparian forests and woodlands (Figure 3).  Coastal sage 
scrub and chaparral are the dominant plant communities, with scattered groves of coast 
live oak woodland and walnut woodland on north facing slopes and in ravines, and 
riparian communities dominated by cottonwood, sycamore, and various willow species 
along drainages.  A number of sensitive natural communities occur in the planning area, 
including valley foothill riparian, cottonwood willow riparian forest, coast live oak riparian 
forest, valley oak woodland, and walnut woodland (CDFG 2005).  These are some of the 
most rare vegetation communities in the United States.   
 
This variety of habitats supports a diversity of organisms, including many species listed 
as endangered, threatened, or sensitive by government agencies (USFWS 1980, 1998, 

The 15 Priority Linkages 
 

Santa Monica Mountains-Santa Susana Mountains 
Santa Susana Mountains-Sierra Madre Mountains   
Sierra Madre Mountains-Castaic Ranges  
Sierra Madre Mountains-Sierra Nevada Mountains 
San Gabriel Mountains-Castaic Ranges 
San Bernardino Mountains-San Gabriel Mountains  
San Bernardino Mountains-San Jacinto Mountains  
San Bernardino Mountains-Little San Bernardino Mountains 
San Bernardino Mountains-Granite Mountains  
Santa Ana Mountains-Palomar Ranges 
Palomar Ranges-San Jacinto/Santa Rosa Mountains 
Peninsular Ranges-Anza Borrego  
Laguna Mountains-Otay Mountain-Northern Baja 
Campo Valley-Laguna Mountains  
Jacumba Mountains-Sierra Juarez Mountains  
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1999, 2000, 2001, 2002, 2006, CDFG 1996, 2005a, 2005b).  A number of rare species 
depend on the area’s riparian communities, which provide breeding locations for many 
special status amphibians and reptiles, such as California red-legged frog (Rana aurora 
draytonii), arroyo toad (Bufo californicus), western pond turtle (Emys marmorata), and 
the two-striped garter snake (Thamnophis hammondii).  The critically endangered 
southern steelhead trout (Oncorhynchus mykiss mykiss) also occurs in the planning area 
and both the Malibu Creek Watershed and the Santa Clara River Watershed have been 
identified as core watersheds for recovery efforts (CDFG 1996).  The Pacific lamprey 
(Lampetra tridentate), arroyo chub (Gila orcutti), and the endangered tidewater goby 
(Eucyclogobius newberryi) are other native freshwater fish species known to still inhabit 
the planning area.  The creeks and lagoons in the area are also important to resident, 
over wintering, and migratory birds on the Pacific Flyway, in addition to providing year 
round habitat and critical resources for resident species.  Several riparian songbirds, 
such as yellow warbler (Dendroica petechia), and the endangered least Bell’s vireo 
(Vireo bellii pusillus), southwestern willow flycatcher (Empidonax traillii extimus), and 
yellow-billed cuckoo (Coccyzus americanus) have the potential to occur in riparian 
habitats in the linkage.  Sensitive reptiles that prefer drier habitats and sparser 
vegetative cover, such as the coast horned lizard (Phrynosoma coronatum blainvillei) 
also occur, as do a number of sensitive birds of prey, including Swainson’s hawk (Buteo 
swainsoni), northern harrier (Circus cyaneus), and bald eagle (Haliaeetus 
leucocephalus).  The planning area also provides habitat for a number of imperiled plant 
species, including the San Fernando Valley spineflower (Chorizanthe parryi var. 
fernandina), which was presumed extinct in 1929 until it was rediscovered on Ahmanson 
Ranch in the Simi Hills and Newhall Ranch in the Santa Susana Mountains.   
 
In addition to providing habitat for rare and endangered species, the linkage provides 
live-in and move-through habitat for numerous native species such as American badger 
(Taxidea taxus), mule deer (Odocoileus hemionus), and mountain lion (Felis concolor) 
that require extensive wildlands to thrive.  Several peer-reviewed scientific studies have 
called attention to maintaining connectivity between remaining patches of natural habitat 
in this region (Soulé 1989, Edelman 1991, Kohn et al. 1999, Ng 2000, Sauvajot et al. 
2000, Allen 2001, Riley et al. 2003, Casterline et al. 2003, Ng et al. 2004, LSA 2004, 
Riley et al. 2005, Riley et al. 2006 a,b). 
 
Existing Conservation Investments 
 
Significant conservation investments already exist in the region (Figure 4), but the 
resource values they support could be irreparably harmed by loss of connections 
between them.  This linkage connects two expansive core areas that are largely 
conserved within the Los Padres National Forest and the Santa Monica Mountains 
National Recreation Area.  The Sespe Wilderness Area occurs just inside the boundary 
of Los Padres National Forest and the California Wild Heritage Campaign 
(www.californiawild.org) has proposed additional Wilderness Areas in both Los Padres 
and Angeles National Forests.   
 
Much of the land in the linkage has already been protected though successful 
conservation planning efforts undertaken by Santa Monica Mountains Conservancy, 
National Park Service, The Nature Conservancy, California State Parks, U.S. Forest 
Service, Mountain Recreation Conservation Authority, Mountain Restoration Trust, 
Friends of the Santa Clara River, and other county, city and local agencies, although 
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gaps in protection remain.  The Santa Monica Mountains Conservancy has been 
working with other federal, state, county, and local agencies for over 25 years to protect 
the Rim of the Valley Corridor.  The Los Angeles County General Plan update would 
establish 3 Significant Ecological Areas (SEA): the proposed Santa Monica Mountains 
SEA (99,430 acres) that crosses the 101 freeway at Liberty and Crummer canyons; the 
Santa Susana/Simi Hills SEA (26,795 ac) that covers the eastern part of these ranges 
within the county; and the Santa Clara River SEA which covers the portion of the river in 
the county (PCR Services Corporation 2000 a, b, c).  The value of already protected 
land in the region for biodiversity conservation, environmental education, outdoor 
recreation, and scenic beauty is immense.   
 
Southern California’s remaining wildlands form an archipelago of natural open space 
thrust into one of the world’s largest metropolitan area within a global hotspot of 
biological diversity.  These wild areas are naturally interconnected; indeed, they 
historically functioned as one ecological system.  However, recent intensive and 
unsustainable activities threaten to sever natural connections, forever altering the 
functional integrity of this remarkable natural system.  The ecological, educational, 
recreational, and spiritual impacts of such a severance would be substantial.  Certainly, 
restoring functional habitat connectivity to this regionally important landscape linkage is 
a wise investment. 
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Conservation Planning Approach 
 
 

The goal of linkage conservation planning is to identify specific lands that must be 
conserved to maintain or restore functional connections for all species or ecological 
processes of interest, generally between two or more protected core habitat areas. We 
adopted a spatially hierarchical approach, gradually working from landscape-level 
processes down to the needs of individual species on the ground. The planning area 
encompasses habitats between the Santa Monica Mountains National Recreation Area 
(south of the 101 Freeway) and Los Padres National Forest. We conducted various 
landscape analyses to identify those areas necessary to accommodate continued 
movement of selected focal species through this landscape. Our approach can be 
summarized as follows: 
  

1) Focal Species Selection:  Select focal species from diverse taxonomic groups to 
represent a diversity of habitat requirements and movement needs. 

 
2) Landscape Permeability Analysis:  Conduct landscape permeability analyses to 

identify a zone of habitat that addresses the needs of multiple species potentially 
traveling through or residing in the linkage.   

 
3) Patch Size & Configuration Analysis:  Use patch size and configuration analyses 

to identify the priority areas needed to maintain linkage function.  
 

4) Field Investigations:  Conduct fieldwork to ground-truth results of prioritization 
analyses, identify barriers, and document conservation management needs.  

 
5) Linkage Design:  Compile results of analyses and fieldwork into a comprehensive 

report detailing what is required to conserve and improve linkage function.   
 

Our approach has been highly 
collaborative and interdisciplinary 
(Beier et al. 2005).  We followed 
Baxter (2001) in recognizing that 
successful conservation planning is 
based on the participation of experts 
in biology, conservation design, and 
implementation in a reiterative 
process (Figure 5).  To engage 
regional biologists and planners 
early in the process, we held a 
habitat connectivity workshop on 
July 29, 2002. The workshop 
gathered indispensable information 
on conservation needs and 
opportunities in the linkage. The 
workshop engaged 60 participants 
representing over 30 different 
agencies, academic institutions, 

Figure 5. Successful conservation planning 
requires an interdisciplinary and reiterative 
approach among biologists, planners and 
activists (Baxter 2001). 
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conservation organizations, and community groups (Appendix A).    
 
Focal Species Selection 
 
The workshop participants 
identified a taxonomically 
diverse group of focal species 
that are sensitive to habitat 
loss and fragmentation (Table 
1).  These species represent 
the diversity of ecological 
interactions that can be 
sustained by successful 
linkage design. The focal 
species approach (Beier and 
Loe 1992) recognizes that 
species move through and 
utilize habitat in a wide variety 
of ways. Workshop participants 
divided into taxonomic working 
groups; each group identified 
life history characteristics of 
species that were either 
particularly sensitive to habitat 
fragmentation or otherwise 
meaningful to linkage design. 
Participants then summarized 
the relevant information on 
species occurrence, movement 
characteristics, and habitat 
preferences and delineated 
suitable habitat and potential 
movement routes through the 
linkage region. (For more on 
the workshop see Appendix B.) 
 
The 20 focal species identified at the workshop capture a diversity of movement needs 
and ecological requirements, from species that require large tracts of land (e.g., 
mountain lion, badger, mule deer) to those with very limited spatial requirements (e.g., 
desert woodrat).  They include habitat specialists (e.g., acorn woodpeckers in oak 
woodlands) and those requiring a specific configuration of habitat types and elements 
(e.g., southern steelhead trout that utilize the entire river or stream system, from the 
headwaters to the ocean, and require clean, cool, well-oxygenated water).  Dispersal 
distance capability of focal species ranges from 160 m to 274 km; modes of dispersal 
include walking, flying, swimming, climbing, hopping, and slithering.   
 
Landscape Permeability Analysis  
 
Landscape permeability analysis is a GIS technique that models the relative cost for a 
species to move between core areas based on how each species is affected by habitat 

Table 1.  Regional ecologists selected 20 focal species for 
the Santa Monica-Sierra Madre Connection 

Plants 
Arctostaphylos glauca (Bigberry manzanita) 

Quercus lobata (Valley oak) 
Juglans californica (California walnut) 

Invertebrates 
Pogonomyrmex rugosus (Harvester ant) 
Euphydryas chalcedona (Chalcedon checkerspot butterfly) 
Odonata - Zygoptera spp. (Damselflies) 
Anuroctonus phaiodactylus (Scorpion) 

Fish 
Oncorhynchus mykiss mykiss (Southern steelhead trout) 

Reptiles & Amphibians 
Cnemidophoris tigris stejnegeri (Western whiptail) 
Lampropeltis getula (California kingsnake) 
Bufo boreas (Western toad) 

Birds 
Melanerpes formicivorus (Acorn woodpecker) 
Toxostoma redivivum (California thrasher) 
Campylorhynchus brunneicapillus (Cactus wren) 
Lanius ludovicianus (Loggerhead shrike) 

Mammals 
Neotoma lepida (Desert woodrat) 
Sylvilagus bachmanni (Brush rabbit) 
Odocoileus hemionus (Mule deer) 
Taxidea taxus (American badger) 
Puma concolor (Mountain lion) 
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characteristics, such as slope, elevation, vegetation composition, and road density.  This 
analysis identifies a least-cost corridor, or the best potential route for each species 
between protected core areas (Walker and Craighead 1997, Craighead et al. 2001, 
Singleton et al. 2002).  The purpose of the analysis was to identify land areas, which 
would best accommodate all focal species living in or moving through the linkage (Beier 
et al. 2005).  Species used in landscape permeability analysis must be carefully chosen, 
and were included in this analysis only if:  

 We know enough about the movement of the species to reasonably estimate the 
cost-weighted distance using the data layers available to our analysis.  

 The data layers in the analysis reflect the species’ ability to move. 
 The species occurs in both cores (or historically did so and could be restored) 

and can potentially move between cores, at least over multiple generations. 
 The time scale of gene flow between core areas is shorter than, or not much 

longer than, the time scale at which currently mapped vegetation is likely to 
change due to disturbance events and environmental variation (e.g. climatic 
changes). 

Three of the 20 focal species were found to meet these criteria and were used in 
permeability analyses to identify the least-cost corridor between protected core areas:  
mountain lion, badger, and mule deer.  Ranks and weightings adopted for each species 
are shown in Table 2. 
 
The relative cost of travel was assigned for each of these three species based upon its 
ease of movement through a suite of landscape characteristics (vegetation type, road 
density, and topographic features).  The following spatial data layers were assembled at 
30-m resolution: vegetation, roads, elevation, and topographic features (Figure 6).  We 
derived four topographic classes from elevation and slope models: canyon bottoms, 
ridgelines, flats, or slopes.  Road density was measured as kilometers of paved road per 
square kilometer.  Within each data layer, we ranked all categories between 1 
(preferred) and 10 (avoided) based on focal species preferences as determined from 
available literature and expert opinion regarding how movement is facilitated or hindered 
by natural and urban landscape characteristics.  Each input category was ranked and 
weighted, such that: (Vegetation * w%) + (Road Density * x%) + (Topography * y%) + 
(Elevation * z%) = Cost to Movement, where w + x + y + z = 100%. 

 
 
 

Figure 6.  Permeability Model Inputs: elevation, vegetation, topography, and road 
density.  Landscape permeability analysis models the relative cost for a species to 
move between core areas based on how each species is affected by various habitat 
characteristics. 
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Table 2.  Model Parameters for Landscape Permeability Analyses 

 
Odocoileus hemionus 

(Mule deer) 
Taxidea taxus 

(Badger) 
Puma concolor 
(Mountain lion) 

MODEL VARIABLES       
VEGETATION       
Alpine-Dwarf Shrub 9 4 4
Agriculture 9 7 10
Annual Grassland 9 1 7
Alkali Desert Scrub 10 2 7
Barren 10 9 10
Bitterbrush 3 3 2
Blue Oak-Foothill Pine 1 5 3
Blue Oak Woodland 1 5 2
Coastal Oak Woodland 1 5 2
Closed-Cone Pine-Cypress 3 6 5
Chamise-Redshank Chaparral 6 4 5
Coastal Scrub 3 4 2
Desert Riparian 4 3 1
Desert Scrub 9 2 7
Desert Succulent Shrub 8 2 7
Desert Wash 5 3 2
Eastside Pine 1 5 5
Estuarine 10 10 5
Freshwater Emergent Wetland 9 9 2
Jeffrey Pine 2 5 5
Joshua Tree 8 2 4
Juniper 5 3 3
Lacustrine 10 9 10
Lodgepole Pine 5 6 5
Mixed Chaparral 6 4 5
Montane Chaparral 5 4 5
Montane Hardwood-Conifer 1 6 3
Montane Hardwood 1 6 3
Montane Riparian 2 6 1
Perennial Grassland 7 1 6
Pinyon-Juniper 4 3 3
Palm Oasis 7 6 3
Ponderosa Pine 2 5 5
Riverine 9 9 1
Red Fir 4 6 5
Subalpine Conifer 6 6 5
Saline Emergent Wetland 10 10 6
Sagebrush 5 3 7
Sierran Mixed Conifer 2 6 5
Urban 10 10 10
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Table 2.  Continued Odocoileus hemionus 
(Mule deer) 

Taxidea taxus 
(Badger) 

Puma concolor 
(Mountain lion) 

MODEL VARIABLES  
Valley Oak Woodland 1 4 2
Valley Foothill Riparian 1 4 2
Water 10 10 9
White Fir 2 6 5
Wet Meadow 5 4 6
Unknown Shrub Type 5 5 5
Unknown Conifer Type 4 5 5
Eucalyptus 8 6 6
    
ROAD DENSITY       
0-0.5 km/sq. km 1 1 1
0.5-1 km/sq. km 1 1 3
1-2 km/sq. km 2 2 4
2-4 km/sq. km 5 2 6
4-6 km/sq.km 7 4 9
6-8 km/sq. km 10 7 10
8-10 km/sq.km 10 10 10
10 or more km/sq. km 10 10 10
        
TOPOGRAPHY       
Canyon bottoms 5 2 1
Ridgetops 2 7 7
Flats 8 1 3
Slopes 1 9 5
        
ELEVATION (feet)       
 -260-0  6 1 N/A
0-500  4 1 
500-750 3 1 
750-1000 3 1 
1000-3000 3 2 
3000-5000 3 3 
5000-7000 3 3 
7000-8000 5 5 
8000-9000 5 5 
9000-11500 5 5 
>11500  8 8 
        
WEIGHTS       
Land Cover 0.65 0.55 0.40
Road Density 0.15 0.15 0.30
Topography 0.20 0.20 0.30
Elevation 0.00 0.10 0.00
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Weighting allowed the model to capture variation in the influence of each input 
(vegetation, road density, topography, elevation) on focal species movements.  A unique 
cost surface was thus developed for each species.  A corridor function was then 
performed in GIS to generate a data layer showing the relative degree of permeability 
between core areas.  
 
Running the permeability analysis required identifying the endpoints to be connected.  
Usually, these targeted endpoints are selected as medium to highly suitable habitat 
within protected core habitat areas (e.g., National Forests, State Parks) that needed to 
be connected through currently unprotected lands.  However, since some of the land in 
the linkage was already protected (e.g., Ahmanson Ranch, Rocky Peak Park), and 
because of the complexity of ownerships in the Santa Monica Mountains, we selected 
endpoints for this analysis as areas supporting medium to highly suitable habitat for 
each species in Los Padres and Angeles National Forests within the analysis extent, and 
the Santa Monica Mountains National Recreation Area south of the 101 Freeway, near 
the far northern and southern extents of the study area.  This gave the model broad 
latitude in interpreting functional corridors across the entire study area.  
 
For each focal species, the most permeable area of the study window was designated 
as the least-cost corridor.  An arbitrary definition of “most permeable” was assigned such 
that only the areas representing the top 1% of the least cost corridor function were 
included in the final output.  In some instances (e.g. mountain lion), we relaxed the top 
1% criteria to examine the sensitivity of mapped output to this constraint and to assess if 
and how least cost results would change.  However, in our final analysis and in the 
mapped results presented in this report, the “most permeable” routes are shown for the 
top 1% output for each of the three focal species (and for the Least Cost Union, see 
below). 
 
The least-cost corridor output for all three species was then combined to generate a 
Least Cost Union.  The biological significance of this Union can best be described as the 
zone within which all three modeled species would encounter the least energy 
expenditure (i.e., preferred travel route) and the most favorable habitat as they move 
between targeted protected areas.  The output does not identify barriers (which were 
later identified through fieldwork), mortality risks, dispersal limitations or other 
biologically significant processes that could prevent a species from successfully reaching 
a core area.  Rather, it identifies the best zone available for focal species movement 
based on the data layers used in the analyses.  
 
Patch Size & Configuration Analysis 
 
Although the Least-Cost Union identifies the best zone available for movement based on 
the data layers used in the analyses, it does not address whether suitable habitat in the 
Union occurs in large enough patches to support viable populations and whether these 
patches are close enough together to allow for inter-patch dispersal.  We therefore 
conducted patch size and configuration analyses for all focal species (Table 1) and 
adjusted the boundaries of the Least Cost Union where necessary to enhance the 
likelihood of movement.  Patch size and configuration analyses are particularly important 
for species that require multiple generations to traverse the linkage.  Many species 
exhibit metapopulation dynamics, whereby the long-term persistence of a local 
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population requires connection to other populations (Hanski and Gilpin 1991).  For 
relatively sedentary species like desert woodrat and terrestrial insects, gene flow will 
occur over decades through a metapopulation.  Thus, the linkage must be able to 
accommodate metapopulation dynamics to support ecological and evolutionary 
processes in the long term. 
 
A habitat suitability model formed the basis of the patch size and configuration analyses. 
Habitat suitability models were developed for each focal species using the literature and 
expert opinion.  Spatial data layers used in the analysis varied by species and included: 
vegetation, elevation, topographic features, slope, aspect, hydrography, and soils.  
Using scoring and weighting schemes similar to those described in the previous section, 
we generated a spectrum of suitability scores that were divided into five classes using 
natural breaks: low, low to medium, medium, medium to high, or high.  Suitable habitat 
was identified as all land that scored medium, medium to high, or high.   
 
To identify areas of suitable habitat that were large enough to provide a significant 
resource for individuals in the linkage, we conducted a patch size analysis.  The size of 
all suitable habitat patches in the planning area were identified and marked as potential 
cores, patches, or less than a patch.  Potential core areas were defined as the amount of 
contiguous suitable habitat necessary to sustain at least 50 individuals.  A patch was 
defined as the area of contiguous suitable habitat needed to support at least one male 
and one female, but less than the potential core area.  Potential cores are probably 
capable of supporting the species for several generations (although with erosion of 
genetic material if isolated).  Patches can support at least one breeding pair of animals 
(perhaps more if home ranges overlap greatly) and are probably useful to the species if 
the patch can be linked via dispersal to other patches and core areas (Figure 7).  

 
To determine whether the distribution of suitable habitat in the linkage supports meta-
population processes and allows species to disperse among patches and core areas, we 
conducted a configuration analysis to identify which patches and core areas were 

Figure 7.  Model Inputs to Patch Size and Configuration Analyses vary by species. 
Patch size delineates cores, patches, and stepping-stones of potential habitat.  Patch 
configuration evaluates whether suitable habitat patches and cores are within each 
species dispersal distance.   
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functionally isolated by distances too great for the focal species to traverse.  Because 
the majority of methods used to document dispersal distance underestimate the true 
value (LaHaye et al. 2001), we assumed each species could disperse twice as far as the 
longest documented dispersal distance.  This assumption is conservative in the sense 
that it retains habitat patches as potentially important to dispersal for a species even if it 
may appear to be isolated based on known dispersal distances.  Groupings of core 
areas and patches that were greater than the adopted dispersal distance from other 
suitable habitat were identified using a unique color.  
 
For each species we compared the configuration and extent of potential cores and 
patches, relative to the species dispersal ability, to evaluate whether the Least Cost 
Union was likely to serve the species.  If necessary, we added additional habitat to help 
ensure that the linkage provides sufficient live-in or “move-through” habitat for the 
species’ needs.   
 
Minimum Linkage Width 
 
While the size and distance among habitats (addressed by patch size and configuration 
analyses) must be adequate to support species movement, the shape of those habitats 
also plays a key role.  In particular, constriction points—areas where habitats have been 
narrowed by surrounding development—can prevent organisms from moving through 
the Least Cost Union.  To ensure that functional processes are protected, we imposed a 
minimum width of 2 km (1.2 mi) for all portions of the final Linkage Design.  
 
For a variety of species, including those we did not formally model, a wide linkage helps 
ensure availability of appropriate habitat, host plants (e.g., for butterflies), pollinators, 
and areas with low predation risk.  In addition, fires and floods are part of the natural 
disturbance regime and a wide linkage allows for a semblance of these natural 
disturbances to operate with minimal constraints from adjacent urban areas.  A wide 
linkage should also enhance the ability of the biota to respond to climate change, and 
buffer against edge effects. 
 
Field Investigations 
 
We conducted field surveys to ground-truth existing habitat conditions, document 
existing barriers and potential passageways, and describe restoration opportunities. All 
location data were recorded using a mobile GIS/GPS with ESRI’s ArcPad.  Because 
paved roads often present the most formidable potential barriers, biologists drove or 
walked each accessible section of paved road that transected the linkage.  All types of 
potential crossing structures (e.g., bridge, underpass, overpass, culvert, pipe) were 
photo documented and measured.  Data taken for each crossing included: shape; 
height, width, and length of the passageway; stream type, if applicable (perennial or 
intermittent); floor type (metal, dirt, concrete, natural); passageway construction 
(concrete, metal, other); visibility to other side; light level; fencing; and vegetative 
community within and/or adjacent to the passageway.  Existing highways and crossing 
structures are not considered permanent landscape features.  In particular, crossing 
structures can be added or improved during projects to widen and realign highways and 
interchanges.  Therefore, we also identified areas where crossing structures could be 
improved or installed, and opportunities to restore vegetation to improve road crossings 
and minimize roadkills.   
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Identify Conservation Opportunities 
 
The Linkage Design serves as the target area for linkage conservation opportunities.  
We provided biological and land use summaries, and identified implementation 
opportunities for agencies, organizations, and individuals interested in helping conserve 
the Santa Monica-Sierra Madre Connection.  Biological and land use summaries include 
descriptions and maps of vegetation, land cover, land use, roads, road crossings, and 
restoration opportunities.  We also identified existing planning efforts addressing the 
conservation and use of natural resources in the planning area.  Finally, we developed a 
flyover animation using aerial imagery, satellite imagery, and digital elevations models, 
which provides a visualization of the linkage from a landscape perspective (Appendix C).  
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Landscape Permeability Analyses 
 

  
We conducted landscape permeability analyses for three focal species (mountain lion, 
badger, and mule deer).  The least cost corridors for these species were quite similar 
despite their diverse ecological and movement requirements (see following species 
accounts in this section and Table 2 in the previous section).  The most permeable paths 
for these focal species converged and overlapped considerably in the eastern part of the 
linkage, with two species, mule deer and badger, diverging to generate additional routes 
that also contain highly suitable habitat for mountain lions (Figure 8).   
 
The Least Cost Union (i.e., the union of the top 1% of the least cost corridors for all three 
species) stretches about 40 km (25 mi) between the Santa Monica Mountains National 
Recreation Area and the Sierra Madre Range of Los Padres National Forest (Figure 9).   
It encompasses diverse vegetation and physiographic zones to account for the needs of 
the focal species, including coastal sage, chaparral, grassland, oak woodland, riparian 
woodlands and forests, and conifer habitats.   
 
The branches of the least cost union identify the areas best suited to facilitate species 
movement between core areas based on model assumptions and available GIS data.  
All branches of the Union extend from the Santa Monica Mountains in the same general 
vicinity, crossing the 101 Freeway at Liberty and Crummer canyons, and then merging 
north of the freeway to take in most habitats in the Simi Hills.  From the Simi Hills, all 
three focal species took the eastern branch, crossing the 118 at the Santa Susana Pass 
into Rocky Peak Park.  From here, mountain lion and mule deer follow the riparian 
habitats of Tapo and Salt canyons down to the Santa Clara River and then cross 
Highway 126 to take in habitat in Piru Creek, Hoiser Canyon, and upper San Martinez 
Grande Canyon.  The permeability analysis for badger follows preferred habitat for this 
species to the west, taking in the grasslands over Oak Ridge and up the western bank of 
Piru Creek, delineating another branch to the Union in the Santa Susana Mountains.  
Mule deer also delineated the western branch of the linkage, which was identified as the 
most permeable route for this species.  The western branch takes in habitat in Palo 
Comado, Cheeseboro, and Las Virgenes canyons in the Simi Hills, and crosses over 
Simi Peak and through the Tierra Rejada Valley to traverse Highway 118 at Alamos 
Canyon and enter the Santa Susana Mountains.  From here, mule deer utilizes habitat in 
Happy Camp Canyon Park, and then follows Sheils, Calumat, Frey, and Wiley canyons 
down to the Santa Clara River, and then up Pole Creek, Fairview and Toms canyons in 
the Sierra Madre Ranges.  The western branch of the Union ranges in width from about 
3 to 6 km (1.9 to 3.7 mi), the central branch from roughly 1.5 to 3 km (0.9 to 1.9 mi), and 
the eastern branch from approximately 1.5 to 8 km (0.9 to 5.0 mi). 

 
The next several pages summarize the permeability analyses for each of the three 
modeled species.  For convenience, the narratives describe the most permeable paths 
from south to north, although our analyses gave equal weight to movements in both 
directions.  The following section (Patch Size and Configuration Analyses) describes 
how well the Least Cost Union would likely serve the needs of all focal species, including 
those for which we could not conduct permeability analysis.  The latter analysis 
expanded the Least Cost Union to provide for critical live-in and/or move-through habitat 
for particular focal species. 
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Mountain lion (Puma concolor) 
 

 
Justification for Selection:  This area-
sensitive species is an appropriate focal 
species because its naturally low 
densities render mountain lions highly 
sensitive to habitat fragmentation (Noss 
1991, Noss and Cooperrider 1994).  
Consequently mountain lions serve as 
excellent indicators of broad scale 
landscape connectivity (Riley et al. 2006).  
The ecological consequences of losing 
large carnivores from complex 
ecosystems is largely unknown and 
difficult to predict, but may have 
cascading effects through the entire 
ecosystem (Soulé and Terborgh 1999).  Regardless, loss of this species from southern 
California, and from the Sierra Madre-Santa Monica Mountains region in particular, 
would run counter to extensive public investments in parks and open spaces designed to 
protect biodiversity for future generations to enjoy, understand, and appreciate (Riley et 
al. 2005).  Mountain lions have already lost a number of dispersal corridors in southern 
California, making them susceptible to extirpation from existing protected areas (Beier 
1993).  Habitat fragmentation caused by urbanization and the extensive road network 
has had detrimental effects on mountain lions by restricting movement, escalating 
mortality, and increasing contact with humans. 
 
Conceptual Basis for Model Development:  Mountain lions use brushy stages of a 
variety of habitat types with good cover (Spowart and Samson 1986, Zeiner et al. 1990).  
Within the study area, mountain lions are known to occupy a wide variety of habitat 
types, including within the urban interface and in parklands used extensively by 
recreating humans (Riley et al. 2006).  Preferred travel routes are along stream courses 
and gentle terrain, but all habitats with cover are used (Beier and Barrett 1993, Dickson 
et al. 2004).  In southern California, grasslands, agricultural areas, and human-altered 
landscapes are avoided (Dickson et al. 2004), although mountain lions can and will use 
these less-than-ideal habitats (Riley et al. 2006).  Dirt roads do not impede movement, 
but highways, residential roads, and 2-lane paved roads can (Beier and Barrett 1993, 
Beier 1995, Dickson et al. 2004).  Juvenile dispersal distances average 32 km (20 mi) for 
females, with a range of 9-140 km (6-87 mi), and 85 km (53 mi) for males, with a range 
of 23-274 km (14-170 mi; Anderson et al. 1992, Sweanor et al. 2000).  The somewhat 
shorter dispersal distances reported in southern California (Beier 1995) reflect the 
fragmented nature of Beier’s study area.  Please see Table 2 for model variable scorings 
for this species.  Cost to movement for mountain lion was defined by weighting the 
inputs as follows: 
   

(Vegetation * 40%) + (Road Density * 30%) + (Topography * 30%)  
 
Results & Discussion:  The least cost corridor for mountain lion movement between 
the Santa Monica and Sierra Madre ranges (Figure 10) varies in width from about 1.5 to 
6 km (0.9 to 3.7 mi).  The most permeable path extends from the Santa Monica 

© Donna Krucki 
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Mountains, crosses the 101 Freeway at Las Virgenes and Crummer Canyons to enter 
the Simi Hills, heads toward Chatsworth Peak, and crosses the 118 Freeway at Santa 
Susana Pass into Rocky Peak Park, where both an overpass and bridged underpass are 
located.  From there, the route follows Tapo and Salt Canyons in the Santa Susana 
Mountains down to the Santa Clara River, and traverses the river and Highway 126 to 
enter Hoiser Canyon.  It then branches to encompass habitat on either side of Piru Lake 
Reservoir, with the most permeable path following the riparian habitats of Piru Creek to 
Lime Canyon toward Hopper Mountain in the Sespe Condor Sanctuary, and another 
route taking in habitat in upper San Martinez Grande Canyon to the east of the reservoir.  
The analysis captured medium to highly suitable habitat for puma moving between the 
Santa Monica and Sierra Madre Mountains along their preferred travel routes.  
 
To evaluate the sensitivity of constraining the least cost corridor to the top 1% of the 
model output, criteria were relaxed and resulting paths were assessed for mountain lion.  
In general, when criteria were more inclusive (e.g. top 1.5%, 2%, 2.5%, and 3% of model 
output), the least cost corridors largely overlapped results obtained for mule deer and, to 
a lesser extent, badger (Figs. 11 and 12).  For example, the top 1.5% output for 
mountain lion adds a north-south linkage from the Los Padres National Forest near 
Hopper Mountain, through Happy Camp Park in the Santa Susana Mountains, across 
Highway 118 at Alamos Canyon, through the Tierra Rejada Valley, and ultimately into 
the Santa Monica Mountains through the Simi Hills via Liberty Canyon.  This route is 
nearly entirely overlapped by the least cost path for mule deer (Fig. 12).  These results 
likely reflect the broad habitat tolerances of all three focal species and the ecological 
relationships between mountain lion and mule deer.  Because of the observed 
interspecific overlap when criteria were relaxed for mountain lion and our desire to 
maintain quantitative consistency among the three focal species, we adhered to a 
definition of “most permeable” as only the top 1% of modeled results.  It should be noted, 
however, that even small increases in the output percentage criteria leads to inclusions 
of additional paths for each species, with all “least cost paths” broadly overlapping.  
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American badger (Taxidea taxus)  
 

 
Justification for Selection:  The Badger 
is a highly specialized species that 
requires open habitats with suitable soils 
for excavating large burrows (de Vos 
1969, Banfield 1974, Zeiner et al. 1990, 
Sullivan 1996).  Badgers require 
expansive wildlands to survive and are 
highly sensitive to habitat fragmentation. 
In fact, roadkill is the primary cause of 
mortality (Long 1973, Zeiner et al. 1990, 
Sullivan 1996). 
 
 
Conceptual Basis for Model Development:  Badgers are associated with grasslands, 
prairies, and other open habitats that support abundant burrowing rodents (de Vos 1969, 
Banfield 1974, Sullivan 1996) but they may also be found in drier open stages of shrub 
and forest communities (Zeiner et al. 1990).  They are known to inhabit forest and 
mountain meadows, marshes, riparian habitats, and desert communities including 
creosote bush, juniper, and sagebrush habitats (Long and Killingley 1983, Zeiner et al. 
1990).  The species is typically found at lower elevations (Zeiner et al. 1990) in flat, 
rolling or steep terrain but it has been recorded at elevations up to 3600 m (12000 ft) 
(Minta 1993).   
 
Badgers can disperse up to 110 km (68 mi; Lindzey 1978), and preferentially move 
through open scrub habitats, fields, and pastures, and open upland and riparian 
woodland habitats.  Denser scrub and woodland habitats and orchards are less 
preferred.  They avoid urban and intense agricultural areas.  Roads are difficult to 
navigate safely.  Please see Table 2 for model variable scorings for this species.  Cost to 
movement for badger was defined by weighting these inputs as follows: 
 

(Vegetation * 0.55) + (Elevation * 0.10) + (Topography * 0.20) + (Road Density *0.15) 
 
Results & Discussion:  One strong movement route emerged from the analysis for 
badger (Figure 11).  The least cost corridor for badger extends from the Santa Monica 
Mountains and traverses the 101 Freeway at Crummer Canyon; it then heads across the 
grassland and oak savanna habitats of Laskey Mesa in the Simi Hills to cross the 118 
Freeway at Santa Susana Pass and enters Rocky Peak Park.  The badger route then 
heads in a northwest direction to follow the grasslands around the fringes of Simi Valley, 
then takes Tripas Canyon over to Oak Ridge and then down Smith Canyon, which leads 
to the Santa Clara River; crossing Highway 126 at Piru Creek and heading up the 
western bank of Piru Creek toward protected habitats in Los Padres National Forest. 
The least cost corridor for badger varies in width from 1.5 to 3 km (0.9 to 1.9 mi).  It 
includes the most suitable habitat for this highly specialized species moving between 
protected cores areas, encompassing the gently sloping topography of the grassland 
and oak savanna habitats wherever possible.    

© Karen McClymonds 
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 Mule deer (Odocoileus hemionus) 
 

 
Justification for Selection:  Mule deer 
were chosen as a focal species in part to 
help support viable populations of 
mountain lions, which rely on deer as their 
primary prey.  Deer herds can decline in 
response to fragmentation, degradation or 
destruction of habitat from urban 
expansion, incompatible land uses and 
other human activities (Ingles 1965, Hall 
1981, CDFG 1983).  Mule deer are 
particularly vulnerable to habitat 
fragmentation by roads; in fact, nationally 
vehicles kill several hundred thousand deer each year (Romin and Bissonette 1996, 
Conover 1997, Forman et al. 2003).  
 
Conceptual Basis for Model Development:  Mule deer use forest, woodland, brush, 
and meadow habitats, and reach their highest densities in oak woodlands, riparian 
areas, and along edges of meadows and grasslands, although they also occur in open 
scrub, young chaparral, and low elevation coniferous forests (Bowyer 1986, USFS 
2002).  Access to a perennial water source is critical in summer.   
 
Dispersal distances of up to 217 km (135 mi) have been recorded for mule deer 
(Anderson and Wallmo 1984).  They preferentially move through habitats that provide 
good escape cover, preferring ridgetops and riparian routes as major travel corridors.  
Varying slopes and topographic relief are important for providing shade or exposure to 
the sun.  They avoid open habitats, agricultural and urban land cover, and centers of 
high human activity, even in suitable habitat.  Please see Table 2 for model variable 
scorings for this species.  Cost to movement for mule deer was defined by weighting 
these inputs as follows: 

 
(Vegetation * 65%) + (Topography * 20%) + (Road Density * 15%)  

 
Results & Discussion:  Two potential routes were identified for mule deer traveling 
between the Santa Monica and Sierra Madre Mountains (Figure 12).  The more 
permeable of the two paths ranges in width from 2 to 6 km (1.2 to 3.7 mi).  It extends 
from Liberty Canyon up Palo Comado and Cheeseboro Canyons to Simi Peak, and 
through the Tierra Rejada Valley utilizing the coastal sage and grassland habitats 
between the communities of Simi Valley, Thousand Oaks, and Moorpark.  It then 
traverses the 118 Freeway at Faulker and Alamos Canyons, crosses over Big Mountain 
and Oak Ridge, and then takes Sheils, Calumat, Frey and Wiley Canyons down to the 
river and across Highway 126 to follow Pole Creek, Fairview and Toms Canyons into the 
Los Padres National Forest.  The least cost corridor analysis also identified another 
potential route for mule deer that strongly resembles the output for mountain lion and 
badger.  Both routes encompass medium to highly suitable habitat for mule deer. 

 

Mike White
©  Gary Zahm 
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Patch Size & Configuration Analyses 
 

 
Although, the permeability models and Least Cost Union delineate swatches of habitat 
that based on model assumptions and available GIS data are best suited to facilitate 
species movement between core habitat areas, they do not address whether suitable 
habitat in the Union occurs in large enough patches to support viable populations or 
whether patches are close enough together to allow for inter-patch dispersal; and they 
are based on only three of the 20 focal species.  We therefore perform habitat suitability, 
patch size and configuration analyses to evaluate the configuration and extent of 
potentially suitable habitat in the Least Cost Union for all 20 focal species.  This helps 
determine whether there is sufficient habitat within the Union to support each species, 
and whether that habitat is distributed in a pattern that allows the species to move 
between patches.   
 
Specifically, the patch size and configuration analyses for all 20 focal species addresses,  
1) whether the Least Cost Union provides sufficient live-in or move-through habitat to 
support individuals or populations of the species; 2) whether these habitat patches are 
within the species’ dispersal distance; 3) whether any clearly unsuitable and non-
restorable habitat (e.g., developed land) should be deleted from the Union; and 4) for 
any species not adequately served by the Least Cost Union, whether expanding the 
Union to incorporate more habitat would meet the species needs.  The patch size and 
configuration analysis does not address existing barriers to movement (such as 
freeways) or land use practices that may prevent species from moving through the 
linkage.  These issues are addressed in the next section. 
 
The Least Cost Union contains suitable habitat to support either inter- or intra-
generational movements between the Santa Monica and Sierra Madre ranges for 17 of 
the 20 modeled focal species:  mountain lion, badger, mule deer, brush rabbit, desert 
woodrat, loggerhead shrike, California thrasher, acorn woodpecker, western toad, 
California kingsnake, coastal whiptail, chalcedon checkerspot butterfly, harvester ant, 
scorpion, California black walnut, Valley oak, and Bigberry manzanita.  Outputs from the 
patch configuration analyses suggest that habitat patches in the Union are not isolated 
by distances too great for any of the focal species to disperse. 
 
Three focal species appear to require additional habitat outside of the Least Cost Union 
for the Linkage Design to serve their movement needs:  southern steelhead trout, cactus 
wren, and damselflies.  To ensure that the Linkage Design accommodates all focal 
species, habitat was added to the Union in six general areas (Figure 13): 
 
Conejo Mountain & Mountclef Ridge:  This connection is dominated by coastal sage 
scrub and extends from the western Santa Monica Mountains over Conejo Mountain and 
Mountclef Ridge to the Tierra Rejada Valley.  This addition was necessary to 
accommodate cactus wren, brush rabbit, desert woodrat, and western toad movement, 
but the majority of other focal species will also benefit from this connection, as will many 
other native species not specifically addressed by our analyses.  Much of this area has 
already been conserved, so we added contiguous natural habitats where available and 
agricultural lands where necessary to achieve a minimum corridor width of 2 km making 
it more robust to edge effects. 
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Santa Clara River Mainstem:  The Union was also modified to include riparian and 
upland habitat along the mainstem of the Santa Clara River from the coast to the eastern 
boundary of the Linkage Design to preserve a critical migration corridor for southern 
steelhead trout to reach its spawning and rearing grounds in Santa Paula, Sespe, and 
Piru Creek.  This addition also provides habitat and connectivity for western toad, 
California kingsnake, and damselflies, and numerous other native species will benefit 
from this addition.  The connection includes a 2-km (1.2-mi) riparian buffer (1 km to 
either side of the wash) to protect water quality within the linkage and downstream.   
 
Santa Paula Creek:  To accommodate southern steelhead trout and other species that 
use riparian habitats, the Union was modified to include Santa Paula Creek from its 
confluence with the Santa Clara River to the boundary of Los Padres National Forest.  
We also delineated a 2-km riparian buffer along the creek where best management 
practices should be implemented and restoration efforts undertaken.  
 
Sespe Creek:  The Union was also modified to include Sespe Creek from its confluence 
with the Santa Clara River to the Los Padre National Forest boundary for southern 
steelhead trout.  Numerous other focal species that use riparian habitats will also benefit 
from this addition, as will several other native species not addressed by our analyses.  A 
2-km wide riparian buffer was delineated to identify areas to focus habitat restoration 
efforts to improve habitat conditions and water quality.   
 
Piru Creek:  The Union was also modified to include the southern reaches of Piru Creek 
where it meets the Santa Clara River for southern steelhead trout and damselflies.  
Other species that use riparian habitats will also benefit from this addition.   
 
San Fernando Pass:  The San Fernando Pass is dominated by oak woodlands and 
savannas, coastal sage scrub, and chaparral, with walnut woodland and grasslands 
interspersed.  This connection extends from the eastern Santa Susana Mountains, 
through the San Fernando Pass to the San Gabriel Mountains of the Angeles National 
Forest.  Although our analyses were primarily focused on identifying a connection 
between the Santa Monica and Sierra Madre Ranges, it was evident from the results of 
the analyses that 18 out of the 20 focal species would benefit from maintaining 
connectivity through the pass.  The San Fernando Pass was also previously identified as 
important for 11 of the 15 focal species modeled for the San Gabriel-Castaic Connection 
(Penrod et al. 2004).  Consequently, this area was added to the Least Cost Union to 
provide broader regional connectivity to adjacent Missing Linkages Project study areas 
and remain consistent with the habitat needs of the focal species. 
 
We deleted some areas of the Least Cost Union on the eastern side of the Tierra Rejada 
Valley that have already been converted to urban uses.  
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Mountain lion (Puma concolor) 
 

 
Distribution & Status:  Mountain lions (also 
known as puma or cougar) are widely distributed 
throughout the western hemisphere (Chapman 
and Feldhamer 1982, Currier 1983, Maehr 1992, 
Tesky 1995).  The subspecies F. c. californica 
occurs in southern Oregon, California, and 
Nevada (Hall 1981), typically between 590-1,780 
m (1,980-5,940 ft) in elevation (Zeiner et al. 
1990).  Since 2002, National Park Service 
scientists at Santa Monica Mountains National 
Recreation Area have been studying the ecology, 
behavior, and conservation of mountain lions in 
the Santa Monica Mountains, Simi Hills, and 
Santa Susana Mountains (Riley et al. 2006).  
Specific study objectives include determining how 
mountain lions use habitats across the region and 
specifically if mountain lions traverse between the highly fragmented habitats that 
remain, including across major roads and highways.  To the extent that it has been 
possible, we have drawn upon the results from this ongoing work for information about 
conservation requirements for mountain lions in the planning area.  
 
In 1990, the mountain lion population in California was estimated to be between 2,500-
5,000 individuals.  That same year, Proposition 117 was passed which prohibited 
hunting and granted puma the status of a California Specially Protected species, though 
depredation permits are still issued (Torres 2000).   
 
Habitat Associations:  The mountain lion is a habitat generalist, utilizing many brushy 
or forested habitats providing good cover (Spowart and Samson 1986, Zeiner et al. 
1990).  They use rocky cliffs, ledges, and vegetated ridgetops that provide cover when 
hunting prey (Chapman and Feldhamer 1982, Spowart and Samson 1986), especially 
mule deer, Odocoileus hemionus (Lindzey 1987).  Den sites may be located on cliffs, 
rocky outcrops, caves, in dense thickets, or under fallen logs (Ingles 1965, Chapman 
and Feldhamer 1982).  In southern California, most cubs are reared in thick brush (Beier 
et al. 1995).  Mountain lions prefer vegetated ridgetops and stream courses as travel 
corridors and hunting routes (Spowart and Samson 1986, Beier and Barrett 1993), 
although movements across a variety landscape features has been documented (Riley 
et al. 2006).   
 
Spatial Patterns:  Home range size varies by sex, age, and the distribution of prey.  A 
recent study in the Sierra Nevada documented annual home range sizes between 250 
and 817 km2 (61,776-201,885 ac; Pierce et al. 1999).  Home ranges in southern 
California averaged 93 km2 (22,981 ac) for 12 adult females and 363 km2 (89,699 ac) for 
two adult males (Dickson et al. 2004).  Male home ranges appear to reflect the density 
and distribution of females (Maehr 1992).  Males occupy distinct areas and are tolerant 
of transients of both sexes, while the home range of females may overlap completely 
(Zeiner et al. 1990, Beier and Barrett 1993).  Regional population counts have not been 
conducted but in the Santa Ana Mountain Range, Beier (1993) estimated about 1.05-1.2 
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adults per 100 km2 (24,711 ac).  Based on the ongoing studies of Riley et al. (2006), a 
small population of approximately four to eight individuals may occur in the Santa 
Monica Mountains south of the 101 Freeway. 
 
Mountain lions are capable of long-distance movements, and often move in response to 
changing prey densities (Pierce et al. 1999).  Beier et al. (1995) found mountain lions 
moved 6 km (3.7 mi) per night and dispersed up to 65 km (40 mi).  Dispersal plays a 
crucial role in cougar population dynamics, because recruitment into a local population 
occurs mainly by immigration of juveniles from adjacent populations, while the 
population’s own offspring emigrate to other areas (Beier 1995, Sweanor et al. 2000).  
Juvenile dispersal distances average 32 km (20 mi) for females and 85 km (53 mi) for 
males, with one male dispersing 274 km (170 mi; Anderson et al. 1992).  Dispersing 
lions may cross large expanses of nonhabitat, though they prefer not to do so (Logan 
and Sweanor 2001).  To allow for dispersal of juveniles and the immigration of 
transients, lion management should be on a regional basis (Sweanor et al. 2000, Riley et 
al. 2006).   
 
Conceptual Basis for Model Development:  Puma will use most habitats above 590 m 
(1,936 ft) elevation provided they have cover (Spowart and Samson 1986, Zeiner et al. 
1990).  Road density is also a significant factor in habitat suitability for mountain lions.  
Core areas potentially supporting 50 or more individuals were modeled using patches > 
10,000 km2 (2,471,053 ac).  Patch size was classified as > 200 km2 (49,421 ac) but < 
10,000 km2.  Dispersal distance for puma was defined as 548 km (340 mi), or twice the 
maximum reported dispersal distance of 274 km (170 mi). 
 
Results & Discussion:  All branches of the Least Cost Union contain suitable mountain 
lion habitat, with the eastern branch containing the most highly suitable contiguous 
habitat for lions moving between protected core areas (Figure 14).  The habitat suitability 
model predicted low to medium suitable habitat in the vicinity of Laskey Mesa.  However, 
given that dispersing lions may cross large expanses of non-habitat (Logan and 
Sweanor 2001); we conclude that the Least Cost Union is likely to serve this species.  All 
potential cores and patches of suitable habitat are within the dispersal distance of this 
species (figure not shown).  The patch size analysis for mountain lion (Figure 15) 
emphasizes the importance of maintaining connectivity between these ranges, as the 
Santa Monica, Simi Hills, and Santa Susana Mountains combined aren’t large enough to 
support a minimum viable population, relying on an influx of individuals from core 
habitats in the Sierra Madre Ranges to sustain the population. 
 
This species requires expansive roadless areas to survive and functional connectivity 
between subpopulations.  In October 2004, NPS scientists found that two of the 
mountain lions they’d been tracking (P1 and P2) had produced a litter of four kittens 
(Riley et al. 2006).  Current NPS research is now focused on monitoring the movements 
and dispersal routes of these four young lions because it is expected that, for at least the 
two males, they will need to disperse beyond the Santa Monica Mountains in order to 
establish individual and non-overlapping home ranges (Riley et al. 2006).  Maintaining 
connections between large blocks of protected habitat may be the most effective way to 
ensure population viability (Beier 1993, 1995, Gaona et al. 1998, Riley et al. 2003, Riley 
et al. 2006).  To maintain and protect habitat connections for mountain lions, we 
recommend that: 
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 Existing road density be maintained or reduced in the Linkage Design.  When 
transportation improvement projects do occur, planners should incorporate 
crossing structures to facilitate mountain lion movement across transportation 
barriers, particularly for multi-lane freeways such as Highways 101 and 118 (see 
Linkage Design Section). 

 
 Lighting is directed away from the linkage and crossing structures.  Species 

sensitive to human disturbance, like puma, avoid areas that are artificially lit 
(Beier 1995, Rich and Longcore 2006).   

 
 Local residents are informed about the important role of carnivores to the system, 

the use of predator safe enclosures for domestic livestock and pets, and the 
habits of being thoughtful and safe stewards of the land.    
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American badger (Taxidea taxus) 
 

 
Distribution & Status:  Once a fairly 
widespread resident in open habitats of 
California, the badger is now uncommon 
throughout the state and is considered a 
California Species of Special Concern 
(Zeiner et al. 1990, CDFG 1995).   
 
Habitat Associations:  Badgers are 
habitat specialists, associated with 
grasslands, prairies, and other open 
habitats (de Vos 1969, Banfield 1974, 
Sullivan 1996) but they may also be 
found in drier open stages of shrub and 
forest communities (Zeiner et al. 1990).  
They are known to inhabit forest and mountain meadows, marshes, riparian habitats, 
and desert communities including creosote bush, juniper, and sagebrush habitats (Long 
and Killingley 1983, Zeiner et al. 1990).  They are occasionally found in open chaparral 
(< 50% cover) but haven’t been documented in mature stands of chaparral (Quinn 1990, 
Zeiner et al. 1990).  Badgers prefer friable soils for excavating burrows and require 
abundant rodent populations (de Vos 1969, Banfield 1974, Sullivan 1996).  The species 
is typically found at lower elevations (Zeiner et al. 1990) in flat, rolling, or steep terrain 
but it has been recorded at elevations up to 3,600 m (12,000 ft; Minta 1993).   
 
Spatial Patterns:  Home range sizes for this species vary both geographically and 
seasonally.  Depending on location, male home ranges have been estimated to vary 
from 240-850 ha (593-2,100 ac) while females ranged from 137-725 ha (339-1,792 ac; 
Long 1973, Lindzey 1978, Messick and Hornocker 1981, Zeiner et al. 1990).  In 
northwestern Wyoming, home ranges up to 2,100 ha (5,189 ac) have been reported 
(Minta 1993).  In Idaho, home ranges of adult females and males averaged 160 ha (395 
ac) and 240 ha (593 ac) respectively (Messick and Hornocker 1981).  In Minnesota, 
Sargeant and Warner (1972) radio-collared a female badger, whose overall home range 
encompassed 850 ha (2,100 ac).  However, her home range was restricted to 725 ha 
(1,792 ac) in summer, 53 ha (131 ac) in autumn and to a mere 2 ha (5 ac) in winter.  In 
Utah, Lindsey (1978) found fall and winter home ranges of females varied from 137-304 
ha (339-751 ac), while males varied from 537-627 ha (1,327-1,549 ac).  Males may 
double movement rates and expand their home ranges during the breeding season to 
maximize encounters with females (Minta 1993).  Lindzey (1978) documented natal 
dispersal distance for one male at 110 km (68 mi) and one female at 51 km (32 mi).  A 
short-term pilot study of five badgers using radio telemetry in the Santa Monica 
Mountains found similar home range sizes and spatial patterns (Lupis et al. 1999).  
 
Conceptual Basis for Model Development:  Badgers prefer grasslands, meadows, 
open scrub, desert washes, and open woodland communities.  Terrain may be flat, 
rolling or steep, but below 3,600 m (12,000 ft) elevation.  Core areas capable of 
supporting 50 badgers are equal to or greater than 16,000 ha (39,537 ac).  Patch size is 
> 400 ha (988 ac) but < 16,000 ha.  Dispersal distance for badgers was defined as 220 
km (136 mi), twice the longest recorded dispersal distance (Lindzey 1978). 
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Results & Discussion:  The model identified abundant suitable habitat for badger in the 
planning area, with the most highly suitable habitat in the central branch and the most 
contiguous habitat in the eastern branch of the Least Cost Union (Figure 16).  The 
central branch contains extensive open grassland habitat that is preferred by this 
species and was delineated as the least cost corridor for badger (Figure 11).  Although 
not included in the Least Cost Union, contiguous suitable habitat also extends from the 
western Santa Monica Mountains over Conejo Mountain and Mountclef Ridge to the 
Tierra Rejada Valley (Figure 16).  The majority of suitable habitat within the planning 
area is contiguous, and thus was identified as core habitat for this species (Figure 17).  
All potential habitat is within badger’s dispersal distance (figure not shown), although 
barriers to movement may exist between suitable habitat patches.  The linkage is likely 
to serve the movement needs of this wide-ranging species.   
 
Road mortality is the leading cause of death of badgers.  Badger roadkill has been 
documented on Highway 118 at Santa Susana Pass (P. Edelman, pers. comm.) and 
along roads within the Tierra Rejada Valley (R. Sauvajot, pers. comm.).  To restore and 
protect habitat connections for badger, we recommend that: 
 

 Existing road density be maintained or reduced in the Linkage Design.  When 
transportation improvement projects do occur, planners should incorporate 
crossing structures to facilitate badger movement across transportation barriers 
(see Linkage Design Section). 

 
 Lighting is directed away from the linkage and crossing structures (Rich and 

Longcore 2006). 
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 Mule deer (Odocoileus hemionus) 
 

 
Distribution & Status:  Mule deer are 
widespread in California and are 
common to abundant in appropriate 
habitat; they are absent from areas with 
no cover (Longhurst et al. 1952, Ingles 
1965, Zeiner et al. 1990).  Mule deer 
are classified by CDFG as a big game 
animal.   
 
Habitat Associations:  This species 
requires a mosaic of habitat types of 
different age classes to meet its life 
history requirements (CDFG 1983).  
They use forest, woodland, brush, and meadow habitats, reaching their highest densities 
in oak woodlands, riparian areas, and along edges of meadows and grasslands (Bowyer 
1986, USFS 2002).  They also occur in open scrub, young chaparral and low elevation 
coniferous forests (Bowyer 1981, 1986, USFS 2002).  A variety of brush cover and tree 
thickets interspersed with meadows and shrubby areas are important for food and cover.  
Thick cover can provide escape from predators, shade in the summer, or shelter from 
wind, rain and snow.  Varying slopes and topographic relief are important for providing 
shade or exposure to the sun.  Fawning occurs in moderately dense chaparral, forests, 
riparian areas, and meadow edges (CDFG 1983).  Meadows are particularly important 
as fawning habitat (Bowyer 1986, USFS 2002).  
 
Spatial Patterns:  Home ranges typically comprise a mosaic of habitat types that 
provide deer with various life history requirements.  Home range estimates vary from 39 
ha (96 ac; Miller 1970) to 3,379 ha (8,350 ac; Severson and Carter 1978, Anderson and 
Wallmo 1984, Nicholson et al. 1997).  Harestad and Bunnell (1979) calculated mean 
home range from several studies as 285.3 ha (705 ac).  Doe and fawn groups have 
smaller home ranges, averaging 100-300 ha (247-741 ac), but can vary from 50 to 500 
ha (124-1,236 ac; Taber and Dasmann 1958, CDFG 1983).  Bucks usually have larger 
home ranges and are known to wander greater distances (Brown 1961, Zeiner et al. 
1990).  A recent study of 5 different sites throughout California, recorded home range 
sizes from 49 to 1,138 ha (121-2,812 ac; Kie et al. 2002).   
 
Where deer are seasonally nomadic, winter and summer home ranges tend to largely 
overlap in consecutive years (Anderson and Wallmo 1984).  Elevational migrations are 
observed in mountainous regions in response to extreme weather events in winter, or to 
seek shade and perennial water during the summer (Loft et al. 1998, CDFG 1983, 
Nicholson et al.1997, USFS 2002).  Distances traveled between winter and summer 
ranges vary from 8.6 to 29.8 km (5.3-19 mi; Gruell and Papez 1963, Bertram and 
Rempel 1977, Anderson and Wallmo 1984, Nicholson et al. 1997).  Robinette (1966) 
observed natal dispersal distances ranging from 97 to 217 km (60-135 mi).   
 
Conceptual Basis for Model Development: Mule deer utilize a broad range of 
habitats, reaching their highest densities in oak woodlands.  They require access to 
perennial water.  Core areas potentially supporting 50 or more deer are equal to or 
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greater than 16,000 ha (39,537 ac).  Patch size was classified as > 100 ha (247 ac) but 
< 16,000 ha.  Dispersal distance was defined as 434 km (270 mi), or twice the maximum 
distance recorded.    
 
Results & Discussion:  All branches of the Least Cost Union contain suitable habitat 
for mule deer, with the western and eastern branches providing the most contiguous 
connections (Figure 18).  Although not included in the Union, highly suitable contiguous 
core habitat also extends from the western Santa Monica Mountains over Conejo 
Mountain and Mountclef Ridge to the Tierra Rejada Valley (Figures 18, 19).  The 
majority of suitable habitat in the planning area was identified as potential core areas for 
mule deer, with all habitat in the Union identified as core areas except the area around 
Tierra Rejada Valley and an area along the Santa Clara River in the western branch of 
the Union (Figure 19).  All core areas and patches of suitable habitat are within the 
dispersal distance of this species (figure not shown), although barriers to movement may 
exist between suitable habitat patches.  We conclude that the linkage will likely serve the 
needs of mule deer traveling between these ranges.     
 
Estimates of the number of deer killed annually on U.S. roads ranges from 720,000 to 
1.5 million (Romin and Bissonette 1996, Conover 1997, Forman et al. 2003).  Collisions 
with deer also result in the loss of human lives (Reed et al. 1975).  To restore and 
protect habitat connections for mule deer, we make the following recommendations: 
 

 Road barriers should be modified to accommodate mule deer movement.  
Though ungulates much prefer overpasses to underpasses (Gloyne and 
Clevenger 2001), they will utilize bridged undercrossings if they can see clearly 
to the other side.  Crossing structures for mule deer should have natural flooring 
and no artificial lighting (Reed et al. 1975). 

 
 Fencing (up to 4 m [12 feet] high) should be installed to reduce roadkill and guide 

deer to crossing structures.  Escape ramps may also be installed in case deer 
get caught within road right-of-ways (Forman et al. 2003). 
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Brush rabbit (Sylvilagus bachmani) 
 

Justification for Selection: Brush 
rabbits are sensitive to habitat loss and 
fragmentation.  Small, isolated habitat 
patches aren’t likely to support viable 
populations of brush rabbits (Chapman 
1971). 

Distribution & Status:  The brush 
rabbit occurs west of the Cascades 
and Sierra Nevadas from southern 
Oregon to Baja California, Mexico, 
excluding the dry Central Valley and 
southern arid regions (Hall 1981, 
Zeiner et al. 1990).  Their elevational 
range extends from sea level to 2,070 m (6,791 ft; Chapman 1974). 
 
The brush rabbit that occurs in the study area is not a special status species.  However, 
the subspecies riparius of the San Joaquin Valley, California, is listed under the U.S. 
Endangered Species Act as endangered (USFWS 2000). 
 
Habitat Associations: Brush rabbits may occur in riparian, coastal sage scrub, 
chaparral, grassland, and oak woodland habitats, but they are most commonly found in 
the dense, brushy cover of chaparral vegetation (Chapman 1974). They may also occur 
in early successional stages of oak and conifer habitats (Zeiner et al. 1990).  They feed 
on a wide variety of grasses and forbs in grasslands, meadows, and riparian areas, but 
are never far from dense brushy cover (Orr 1940, Zeiner et al. 1990).  Connell (1954) 
found that brush rabbits concentrate their activities at the edge of brush, suggesting that 
ecotonal habitat is better than continuous chaparral. 
 
Spatial Patterns:  In California, male home ranges averaged 1.5 ha (3.8 ac), and home 
ranges for females averaged 0.5 ha (1.3 ac; Connell 1954, Shields 1960).  In Oregon, 
home ranges varied between .2 and .8 ha (.5 to 2.0 ac; Chapman 1971).  Home ranges 
often conform to the size and shape of cover patches.  Males apparently are not 
territorial; home ranges overlap.  Females sometimes protect areas; Connell (1954) and 
Shields (1960) reported female territories 12-173 m (38-569 ft) in diameter.   
 
Dispersal potential, though poorly documented, may be considerable.  For example, a 
female eastern cottontail (S. floridanus) escaped from an enclosure and returned to its 
original capture site 3.7 km (2.3 mi) away (Hill 1967, Cannings and Hammerson 2004).  
A radio telemetry study of orientation and homing by brush rabbits in Oregon found 
homing ability extends up to 350 m (1,150 ft), and homing routes were largely restricted 
to brushy cover regardless of the direction or distance (Chapman 1971).  
 
Conceptual Basis for Model Development:  Movement in the linkage is assumed to 
be multigenerational.  Brush rabbits may utilize a broad range of vegetation 
communities, reaching their highest densities in chaparral habitats.  Potential core areas 
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are equal to or greater than 38 ha (94 ac).  Patch size was classified as > 1 ha (2.47 ac) 
but < 38 ha.  Dispersal distance was defined as 700 m (2,297 ft), or twice the maximum 
homing distance recorded.    
 
Results & Discussion:  All branches of the Least Cost Union contain highly suitable 
habitat for brush rabbit (Figure 20).  Although not included in the Union, highly suitable 
contiguous core habitat also extends from the western Santa Monica Mountains over 
Conejo Mountain and Mountclef Ridge to the Tierra Rejada Valley (Figures 20, 21).  This 
species has been recorded in Palo Comado Canyon in the Union and on Mount Clef 
Ridge.  The majority of suitable habitat identified in the planning area was delineated as 
potential core areas for brush rabbit, with all habitats in the Union identified as core 
habitat (Figure 21).  All core areas and patches of suitable habitat are within the 
dispersal distance of this species (figure not shown), although barriers to movement may 
exist between suitable habitat patches.  We conclude that the linkage will likely serve the 
needs of brush rabbit if habitat is added to the Union on Conejo Mountain and Mount 
Clef Ridge.     
 
Little is known about the effects of habitat loss and fragmentation on the viability of brush 
rabbit populations.  A computer simulation study of S. transitionalis metapopulations in 
response to habitat loss and environmental correlations (based on increased 
vulnerability to predation) showed a rapid decline or extinction of populations (Litvaitus 
and Villafuerte 1996).  To maintain habitat connections and habitat suitability (e.g., 
maintaining early successional habitat) for brush rabbit, we recommend that: 
  

 Crossing structures for small mammals be placed fairly frequently to facilitate 
movement across major transportation routes. 

 
 Fire frequency is controlled to prevent type conversion of scrub habitats to 

nonnative annual grassland (Winter 2003). 
 
 

 
  







 
South Coast Missing Linkages Project 
Santa Monica-Sierra Madre Connection 
 

32

Desert woodrat (Neotoma lepida) 
 

 
Justification for Selection:  This species is 
sensitive to habitat fragmentation, including 
in coastal sage scrub habitats of southern 
California (Bolger et al. 1997).  Movement 
barriers include urban developments, 
roadways (particularly highways with 
continuous solid barriers that prevent rodent 
passage), and major water bodies.  
Woodrats are also sensitive to habitat 
alteration and disturbance such as may 
occur in areas of high fire frequency, 
unregulated off-road vehicle use, and other 
activities that reduce or damage vegetative 
cover (Sauvajot et al. 1998). 
 
Distribution & Status:  Neotoma lepida inhabits virtually all of southern California, with 
a range extending northward along the coast to the San Francisco Bay area and inland 
from Inyo County south throughout the Mojave Desert and from north-central Tulare 
County south through the Tehachapi and San Bernardino Mountains.  They also occur in 
extreme northeastern California, on the Baja California peninsula in Mexico, and on 
several islands in the Gulf of California and the Pacific Ocean near Baja, as well as in 
southeastern Oregon, southwestern Idaho, Nevada, and western Utah (Zeiner 1990, 
Verts and Carraway 2002).  There are 23 subspecies, N. l. intermedia occurs in the 
study area.  Desert woodrats are typically associated with elevations below 2,900 m 
(9,514 ft) in California (Verts and Carraway 2002) and the subspecies within this study 
area is notable for occurring in the southern California coastal mountain ranges.  
 
Habitat Associations:  Desert woodrats may be found in sagebrush, chaparral, Joshua 
tree woodland, scrub oak woodland, pinyon-juniper woodland, riparian zones, creosote 
bush scrub, desert scrub and rocky slopes with scattered cactus, yucca, pine-juniper, 
and other low vegetation, and occasionally in salt marsh habitats (Zeiner 1990, Verts 
and Carraway 2002).  In the study area, they are common in dense coastal sage and 
scrub habitats, including mixed and chamise-redshank chaparral (Lee 1963, MacMillen 
1964).  Woodrats are known for their large, multichambered dwellings, which they 
depend upon for shelter, storing food items, and refuge from predators (Carraway and 
Verts 1991, Matocq 2002).  Desert woodrats occupy elaborate dens built of vegetative 
debris among shrubs, along cliffs, among rocks, and occasionally in trees (Lee 1963, 
MacMillen 1964).  Thompson (1982) observed desert woodrats actively avoiding open 
areas that did not provide adequate refuge sites.   
 
Spatial Patterns:  In the Little San Bernardino Mountains, Thompson (1982) reported 
the average home range of desert woodrats to be 0.05 ha (.13 ac), which generally 
included one diurnal den and foraging habitat. In coastal sage scrub, home range has 
been reported to range from 0.04 to .2 ha (.1 to .5 ac; MacMillen 1964, Bleich and 
Schwartz 1975).  Populations may be limited by the availability of nest-building materials 
(Linsdale and Tevis 1951, Brylski 1990).   

© Lloyd Glenn Ingles, CA Academy of Sciences 
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Natal site dispersal in the eastern Mojave Desert appears to be greater for male desert 
woodrats.  Average linear movements in same habitat were about 14 m (46 ft) per night. 
In sagebrush-juniper habitat, males moved an average of 80 m (262 ft) per night, while 
female movements averaged 45 m (147 ft; Stones and Hayward 1968).   
 
Conceptual Basis for Model Development:  Movement in the linkage is assumed to 
be multigenerational.  Desert woodrats are associated with chaparral, sagebrush, 
pinyon-juniper, riparian, and scrub habitats, and are typically found below 2,900 m 
elevation.  Core areas were defined as U> U 3 ha (7.41 ac).  Patch size was defined as U>U 
0.1 ha (0.25 ac) and < 3 ha.  Dispersal distance was defined as 160 m (524 ft).   
 
Results & Discussion:  Potential habitat for the desert woodrat is widespread in the 
planning area, with both the western and eastern branches of the Least Cost Union 
containing highly suitable contiguous habitat for this species (Figure 22).  The desert 
woodrat has been recorded in Palo Comado Canyon, Santa Susana Pass, and along the 
Arroyo Simi near Alamos Canyon in the Union, and on Mount Clef Ridge.  The majority 
of suitable habitat was identified as potential cores areas for this species (Figure 23).  
Almost all of the potential core areas and patches of suitable habitat are within the 
defined dispersal distance of the woodrat (figure not shown), though barriers to 
movement may exist between suitable habitat patches.  We conclude that the linkage is 
likely to serve the needs of this species for movement among populations if habitat is 
added to Union on Mount Clef Ridge.  To protect and restore habitat connectivity for the 
desert woodrat, we recommend that:  
 

 Crossing structures for small mammals be placed fairly frequently to facilitate 
movement across transportation routes. 

  
 Natural hydrological processes are maintained or restored.   

 
 Lighting is directed away from the linkage and crossing structures. 

 
 Local residents are informed about the proper use of rodenticides and pesticides 

to reduce the likelihood of ingestion of these lethal substances on small 
mammals indigenous to the area. 
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Loggerhead shrike (Lanius ludovicianus) 
 

 
Justification for Selection:  Loggerhead 
shrike is a resident species that requires a 
mosaic of open habitats with abundant 
prey to persist.  They have been declining 
throughout North America since the 1960s 
(Robbins et al. 1986, Sauer et al. 2001). 
They are sensitive to habitat loss, 
fragmentation, and degradation (Fraser 
and Luukkonen 1986, Pruitt 2000). 
 
Distribution & Status:  Loggerhead 
shrike ranges throughout much of North 
America from southern Canada to 
northern Mexico.  They are common residents and winter visitors in the lowlands and 
foothills of California (Faber et al. 1989, Zeiner et al. 1990).  They are absent from 
heavily forested areas and higher elevations in the desert ranges, typically occurring 
below 1,524 m (5,000 ft) in elevation (Small 1994). 

North American Breeding Bird Survey (BBS) data for the period 1966-2000 indicate a 
71% population decline rangewide (-3.7% annually), with a decline of 75% in the 
western region (Sauer et al. 2001).  Loggerhead shrike is designated as a federal and 
state Species of Special Concern (CDFG 2005). 

Known or suspected threats to loggerhead shrike populations include habitat loss and 
degradation, fragmentation of suitable habitat, shooting, and pesticide and other toxic 
contamination (Fraser and Luukkonen 1986, Pruitt 2000).  While there is evidence of 
some eggshell thinning in Illinois, there is no apparent eggshell thinning in California and 
Florida (Hands et al. 1989).  Pesticides may pose a greater threat in reducing food 
availability (Yosef 1994, Yosef 1996).  Threats to the grassland habitats preferred by 
loggerhead shrike include conversion to agriculture, overgrazing of livestock, spread of 
exotic species, urbanization and disrupted fire regimes (Knopf 1994, Knight et al. 1995, 
Saab et al. 1995, Vickery and Herkert 1999).  
 
Habitat Associations:  Loggerhead shrike prefers open country for hunting, with 
perches for scanning, and fairly dense shrubs and brush for nesting (Small 1994).  They 
may utilize grasslands, pastures, savannah, pinyon-juniper woodlands, Joshua Tree 
woodlands, riparian woodlands, desert oases, desert scrub and washes, and to a lesser 
extent, agricultural fields and orchards (Small 1994).  The highest density of shrike 
occurs in open-canopied valley foothill hardwood, valley foothill hardwood-conifer, valley 
foothill riparian, savannah, pinyon-juniper, juniper, desert riparian, and Joshua tree 
habitats (Zeiner et al. 1990, Small 1994).  Shrikes are often found in open cropland, but 
only rarely occur in intensive agricultural areas where pesticides have limited their prey 
base (Zeiner et al. 1990).  Loggerhead shrike isn’t found on north slopes of mountain 
ranges, nor in pure chaparral (Small 1994), though they may use edges of denser 
habitats (Grinnell and Miller 1944, McCaskie et al. 1979, Garrett and Dunn 1981).   
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Spatial Patterns:  Loggerhead shrikes are strongly territorial and aggressive during the 
breeding season.  Shrikes maintain relatively large territories and all activities associated 
with reproduction (mating, foraging, brooding) occur within the territory (Yosef 1996).  In 
mainland California, the average size of territories was 8.5 ha (21 ac), and ranged 
between 4.4 ha (10.9 ac) and 16 ha (39.5 ac; Yosef 1996).  In Contra Costa and Kern 
counties, Miller (1931) found ten territories in open shrubland that averaged 7.6 ha (18.7 
ac), and varied from 4.5 to 16 ha (11-40 ac).  Typically, nesting territories are smaller in 
areas with a greater amount of good quality habitat (Kridelbaugh 1982).  
 
Banding studies indicate that adult loggerhead shrikes exhibit some site fidelity and 
juveniles disperse widely (Yosef 1996).  In Alberta, the average distance of juvenile 
dispersal was 6.7 km (4.2 mi) between years (Yosef 1996).  Over a period of 3 years 
from the time of banding, loggerhead shrikes dispersed up to 70 km (43.5 mi) from their 
natal site (Yosef 1996).  In Virginia, juveniles 10-13 weeks old moved an average of 5.5 
km (3.42 mi) from their parents' territory to their fall territory (Blumton et al. 1989). 
 
Conceptual Basis for Model Development:  Loggerhead shrike prefers open habitat 
types, such as grassland and oak savanna but they may also be encountered in riparian, 
desert scrub and wash communities.  Potential core areas were defined as greater than 
or equal to 213 ha (526 ac).  Patch size was classified as > 9 ha (22.2 ac) but less than 
213 ha.  Dispersal distance was defined as 13.4 km (8.3 mi). 
 
Results & Discussion:  All branches of the Least Cost Union contain highly suitable 
habitat for loggerhead shrike, with the most contiguous habitat occurring in the eastern 
branch of the Union (Figure 24).  The majority of suitable habitat was identified as 
potential cores areas for this species (Figure 25).  All potential core areas and patches of 
suitable habitat are within the defined dispersal distance of loggerhead shrike (figure not 
shown), though barriers to movement may exist between suitable habitat patches.  We 
conclude that the linkage is likely to serve the needs of this species for movement 
among populations.  However, loggerhead shrike would also benefit from the habitat 
connection that extends from the western Santa Monica Mountains over Conejo 
Mountain and Mountclef Ridge to the Tierra Rejada Valley (Figures 24, 25).   
 
To protect and restore habitat connectivity for loggerhead shrike, we recommend that 
pesticide use is restricted in shrike habitat to avoid depressing the abundance of 
potential prey items.  Shrikes are subject to pesticide poisoning due to their position in 
the food chain (Hands et al. 1989). 
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California thrasher (Toxostoma redivivum)  

 
 
Justification for Selection:  This is one 
of the first species to disappear from 
isolated fragments (Soulé et al. 1988).  
Loss of habitat to urban and agricultural 
development constitutes the most serious 
threat to populations (Robertson and 
Tenney 1993, Cody 1998).   
 
Distribution & Status:  The California 
thrasher is endemic to the coastal and 
foothill areas of the California Floristic 
Province and into adjacent areas of 
northwest Baja California (Cody 1998).  In 
southern California, it occurs in montane 
chaparral up to 2,000 m (6,000 ft; Zeiner et al. 1990).  California thrasher is considered a 
sensitive species (CDFG 2005). 

Habitat Associations:  California thrasher is primarily associated with dense chaparral 
and sage scrub habitat though it may also occur in adjacent oak woodland and riparian 
habitats (Cody 1998).  This species avoids oak woodland devoid of understory 
(Robertson and Tenney 1993), although it may use these habitats outside of the 
breeding season (Cody 1998).  Some vegetation communities on desert slopes may 
also provide habitat, including pinyon-juniper and Joshua tree woodlands (Cody 1998). 

Spatial Patterns:  Home range size may be up to 20 ha (50 ac) in scrub oak desert 
habitat (Jehl 1978, Zeiner et al. 1990).  In the Santa Monica Mountains, territories 
averaged 1.4 ha (3.5 ac) in size (Kingery 1962, Zeiner et al. 1990).  California thrasher is 
mostly a sedentary resident species, although there may be some local movement in the 
nonbreeding season (Zeiner et al. 1990). 

Conceptual Basis for Model Development:  This species has a strong preference for 
chaparral and sage scrub vegetation, though it may also be found in riparian and oak 
woodland habitats.  Core areas potentially supporting 50 or more individuals was defined 
as > 300 ha (741.32 ac).  Patch size was classified as > 3 ha (7.41 ac) but < 300 ha.  
Dispersal distance was not estimated for this species. 
 
Results & Discussion:  All branches of the Least Cost Union contain highly suitable 
habitat for California thrasher, with the most highly suitable contiguous habitat occurring 
in the eastern branch of the Union (Figure 26).  Another highly suitable habitat 
connection not included in the Union extends from the western Santa Monica Mountains 
over Conejo Mountain and Mountclef Ridge to the Tierra Rejada Valley (Figure 26).  
Indeed, the patch size analysis identified contiguous core habitat for this species in the 
area, while some potential core areas in the Union are separated by patches of suitable 
habitat (Figure 27).  We conclude that the spatial configuration of suitable habitat within 
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the Union will likely allow for intergenerational movement of thrashers between targeted 
protected areas (Figure 27).   
 
It seems counterintuitive that birds, because they can fly, would need movement 
corridors to persist in fragmented landscapes (Machtans et al.1996).  However, several 
studies have shown gaps in habitat may form barriers to songbird movement (Whitcomb 
et al. 1981, Lynch and Whigham 1984, Lens and Dhondt 1994, Machtans et al. 1996, 
Debinski and Holt 2000, Crooks et al. 2001).  Haas (1995) studied the movement 
ecology of brown thrashers (T. rufum) and found that wooded corridors channeled 
movements between habitat patches.  To protect and maintain habitat continuity 
between protected cores areas for California thrasher, we recommend that: 
 

 Existing road density be maintained or reduced in the Linkage Design. 
 
 Suitable native vegetation is provided in the vicinity of potential crossing points to 

facilitate movement across barriers (e.g. roads, developments, etc.). 
 
 Habitat restoration efforts are initiated along the Santa Clara River to provide a 2 

km wide habitat connection. 







 
South Coast Missing Linkages Project 
Santa Monica-Sierra Madre Connection 
 

38

 Cactus wren (Campylorhynchus brunneicapillus) 
 
 

Justification for Selection:  Habitat loss 
and fragmentation are a concern for this 
species (Soulé et al. 1988).  Historically, 
the interior and coastal populations were 
connected through the San Gorgonio 
Pass in Riverside County, but the 
connection has been severed due to 
urbanization of the pass (Rea and Weaver 
1990, Solek and Sziji 2004). 
 
Distribution & Status:  The cactus wren 
is widely distributed from southern 
California south to southern Baja, and in parts of Nevada, Utah, Arizona, New Mexico, 
and Texas south to Mexico (Dudek and Associates 2001).  In California, the interior race 
is resident in the Mojave and Colorado deserts, from Mexico north to Inyo and Kern 
counties, while the coastal race is restricted to westward-draining slopes from Ventura 
County to San Diego County (Zeiner et al. 1990, Solek and Sziji 2004).  Taxonomic 
affiliation of the coastal and interior populations is still being debated (Rea and Weaver 
1990, Solek and Sziji 2004). 
 
The coastal race is considered a California Species of Special Concern due to habitat 
loss, degradation, and fragmentation (Solek and Sziji 2004).  Activities that are known to 
adversely impact the species include weed abatement projects, grading or clearing 
activities, and some recreational activities (Harper and Salata 1991, Solek and Sziji 
2004).  Overly frequent fire eliminates the dense, older cactus patches required as 
habitat.  The domestic cat is the most dangerous predator (Anderson and Anderson 
1963, Solek and Sziji 2004). 
 
Habitat Associations:  Cactus wrens may be encountered in coastal sage scrub, desert 
scrub, desert succulent scrub, Joshua tree, and desert wash habitats where cactus 
patches are present (Zeiner et al. 1990).  In the planning area, cactus wrens are most 
often associated with relatively dense patches of prickly pear cactus (Opuntia sp.)  They 
depend on thickets of xeric vegetation for cover and thermal relief.  Nests are found in 
branching cacti, thorny scrub, and small trees (e.g., Joshua tree), with nests also used 
as roosts (Grinnell and Miller 1944, Anderson and Anderson 1957, Zeiner et al. 1990).   
 
Spatial Patterns:  The home range of cactus wrens may be maintained throughout the 
year (Anderson and Anderson 1963, Zeiner et al. 1990).  In Arizona, Anderson and 
Anderson (1973) found an average home range size of 1.9 ha (4.8 ac), varying from 1.2-
2.8 ha (2.9-6.9 ac; Zeiner et al. 1990).  In San Diego County, California, Rea and 
Weaver (1990) found smaller home ranges from 0.8 to 2 ha, (2 to 4.9 ac) with an 
average of 1.3 ha (3.2 ac).  On Camp Pendleton, home range size varied from 0.5-2 ha 
(1.2 to 4.9 ac; Solek and Sziji 2004). 

Atwood (1998) found an average dispersal distance of 1.59 km (0.98 mi) for juvenile 
cactus wrens on the Palos Verdes Peninsula, but this isolated coastal population has 

© John Van de Graaff 
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limited dispersal options.  In Arizona, Anderson and Anderson (1973) found juvenile 
females dispersed farther away from their natal territories than juvenile males (Solek and 
Sziji 2004).  

Conceptual Basis for Model Development:  Cactus wrens prefer coastal sage scrub, 
desert scrub, desert succulent scrub, Joshua tree, and desert wash and alluvial habitats 
in the vicinity of cactus plants.  Potential core areas were defined as greater than or 
equal to 33 ha (81.5 ac).  Patch size was classified as > 2 ha (4.9 ac) but less than 33 
ha.  Dispersal distance was defined as 3.18 km (2 mi). 
 
Results & Discussion:  The most highly suitable habitat for cactus wren closely follows 
the distribution of coastal sage scrub habitat in the planning area, particularly where 
coastal sage scrub co-occurs with cactus (Figure 28).  The western branch of the Least 
Cost Union provides the most highly suitable habitat (in large part due to the presence of 
extensive cactus stands), while the eastern branch provides the most contiguous habitat 
(Figure 28).  The western branch of the Union is likely to serve this species if the highly 
suitable core habitat that extends from the western Santa Monica Mountains over 
Conejo Mountain and Mountclef Ridge to the Tierra Rejada Valley is added to the Union 
to serve the needs of this species (Figure 29).  Distances among all cores and patches 
of suitable habitat are within the dispersal distance of this species (figure not shown), but 
barriers may exist between suitable habitat patches. 
 
To protect and restore habitat connectivity for cactus wren, we recommend that fire 
frequency be controlled to prevent type conversion of scrub habitats to nonnative annual 
grassland (Winter 2003) and that important cactus scrub areas be protected and 
maintained.  Suitable native vegetation should be provided in the vicinity of potential 
crossing points to facilitate movement across barriers (e.g. roads, developments, etc.). 
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Acorn woodpecker (Melanerpes formicivorus) 
 

 
Justification for Selection:  The 
continued elimination of oaks is a threat to 
the existence of this species in California 
(Verner and Boss 1980, Zeiner et al. 
1990).  Overgrazing causes reduced 
regeneration of oaks.  As a cavity nester, 
this species is also indicative of intact bird 
communities; they are highly susceptible 
to competition with invasive non-native 
birds such as feral parrots (Butler 2005) 
and European starlings, which are 
associated with degraded habitats.  
 
Distribution & Status:  Acorn 
woodpeckers occur from northwestern 
Oregon, California, the American 
Southwest, and western Mexico through 
the highlands of Central America, as far 
south as northern Columbia (Koenig and Haydock 1999).  They are typically found below 
2100 m (6,890 ft), though most good habitats are below 915 m (3,002 ft) in elevation 
(Zeiner et al. 1990).  This species isn’t considered sensitive by any government entities. 
 
Habitat Associations:  Acorn woodpeckers are residents of foothill and montane 
hardwood and hardwood-conifer habitats (Roberts 1979, Zeiner et al. 1990).  The acorn 
woodpecker relies on large stands of old trees (Ligon and Stacey 1996).  They excavate 
cavities in winter and spring in live trees or snags of oaks, sycamores, or conifers 
(Zeiner et al. 1990), though snags are preferred (Hooge et al. 1999).  The acorn 
woodpecker is a highly specialized species that lives in close association with oaks, 
because they depend largely on acorns for their winter diet (Ritter 1938, MacRoberts 
1970, Bock and Bock 1974; Hannon et al.1987, Koenig and Mumme 1987, Zeiner et al. 
1990, Koenig and Haydock 1999).   
 
Spatial Patterns:  Acorn woodpeckers are cooperative breeders that live in social 
groups of 2 to 15 individuals (MacRoberts and MacRoberts 1976; Koenig et al. 1995, 
Hooge et al. 1999).  Territory size is based on the key resource, the roost cavity and 
granary tree (Ligon and Stacey 1996).  MacRoberts and MacRoberts (1976) found 
territory sizes from 3.5 to 9 ha (8.7 to 22.2 ac), while Swearingen (1977) found average 
territory size to be 4.7 ha (11.5 ac) in the Central Valley, with a range from 1.5 to 8.1 ha 
(3.8 to 20 ac).  Smaller territory sizes have been recorded for the Coast Ranges (Zeiner 
et al. 1990).   
 
On the western slope of the Sierras, upslope movement occurs in fall to mixed conifer 
habitat with black oak (Verner and Boss 1980, Zeiner et al. 1990).  Dispersal distances 
of 0.22 + 0.48 km (0.14 + 0.3 mi) for males and 0.53 + 0.52 km (0.32 + 0.33 mi) for 
females have been recorded.  The usual avian pattern of greater dispersal distance by 
females holds true for acorn woodpeckers (Koenig et al. 2000).  The maximum-recorded 
dispersal distance for this species is 4.3 km (2.7 mi; Koenig et al. 2000).   

© Peter LaTourrette
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Conceptual Basis for Model Development:  This species prefers mature oak 
woodlands and hardwood coniferous forest below 2100 m.  Core areas potentially 
supporting 50 or more individuals were defined as > 100 ha (247 ac).  Patch size was 
classified as > 3 ha (7.4 ac) but < 100 ha.  Dispersal distance was defined as 8.6 km 
(5.3 mi), using twice the maximum reported distance of 4.3 km.   
 
Results & Discussion: Oak woodlands and riparian habitats are fairly widespread in 
the planning area but are somewhat scattered in the Least Cost Union, limiting the 
amount of suitable habitat for acorn woodpecker (Figure 30).  Several patches of highly 
suitable habitat were captured in the Union, with potential core areas limited to Happy 
Camp Canyon and the north facing slopes of Oak Ridge Mountain in the Santa Susana 
Mountains, and Pole and Toms canyons in the foothills of the Sierra Madre Range 
(Figure 31).  All potential cores and patches of suitable habitat identified by the analysis 
are within the dispersal distance of this species (figure not shown).  Acorn woodpecker 
movements will likely be accommodated by the Least Cost Union. 
   
As cavity-nesting birds, acorn woodpeckers are susceptible to being extirpated by birds 
associated with urban areas, such as feral parrots and European starlings that can 
outcompete woodpeckers for nesting cavities.  To protect and maintain habitat continuity 
between protected cores areas for acorn woodpecker, we recommend that:  

 
 Suitable native vegetation is provided in the vicinity of potential crossing points to 

facilitate movement across barriers (e.g. roads, developments, etc.). 
 
 Existing road density be maintained or reduced in the Linkage Design. 

 
 Overgrazing is discouraged in oak woodlands to allow for regeneration. 
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Western toad (Bufo boreas) 

 
 
 
Justification for Selection:  This species 
is an indicator of the quality of habitat 
connections needed between slow moving 
aquatic habitat (chiefly ponds and quiet 
backwaters) and upland habitat.  Along with 
other native amphibians, this species is 
likely sensitive to the effects of urban 
development in southern California (Riley et 
al. 2005). 
 
Distribution & Status:  The western toad 
ranges from western British Columbia and 
southern Alaska south through Washington, 
Oregon, and Idaho to northern Baja 
California, and east to Montana, western and central Wyoming, Nevada, high elevation 
areas in Utah, and western Colorado (Stebbins 1985).  The western toad is not 
considered a special status species. 
 
Habitat Associations:  In California, western toads occur up to 3,048 m (10,000 ft) 
elevation in most habitats except deserts (Zeiner et al. 1988, Sullivan 1994).  Upland 
habitats in the planning area include grasslands, coastal scrub, chaparral, and oak and 
riparian woodlands.  Aquatic habitats include lakes, ponds, vernal pools, roadside 
ditches, irrigation canals, permanent and intermittent streams, and rivers (Zeiner et al. 
1988).  Eggs are laid in water 6 to 12 inches (30 cm) in depth (Olson 1992, Stebbins 
1954).  
 
Spatial Patterns:  While there is substantial variation in home range, individuals living in 
low elevation areas are occasionally encountered up to 1000 m (3,281 ft) from potential 
breeding sites, and some have been tracked through a wide range of habitats up to 5 km 
(3.1 mi) from their breeding areas (Zeiner et al. 1988, Corn et al. 2001).  
 
Dispersal distances among breeding sites have not been measured. After breeding, 
adult toads may move from 1 km to 5 km (0.62 to 3.1 mi) through a wide range of 
potentially inhospitable habitats (Zeiner et al. 1988, Corn et al. 2001).  Tadpole dispersal 
is probably not significant; breeding adults in a population tend to lay their eggs at the 
same location (Sullivan 1994) and their tadpoles clump in large masses until they 
metamorphose (Nussbaum et al. 1983).   
 
Conceptual Basis for Model Development:  Western toads prefer grassland, coastal 
scrub, chaparral, and oak and riparian woodland habitats.  Minimum patch size needed 
for 2 toads is less than the 30-m minimum mapping unit.  Because habitat quantity is a 
poor predictor of population density in toads, we did not designate a minimum patch size 
but included all suitable habitat as potential core areas.  Dispersal distance used is 10 
km (6.2 mi; twice the maximum reported distance an individual moved from a breeding 
site). 

Chris Brown 
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Results & Discussion:  All three branches of the Least Cost Union contain fairly 
contiguous suitable habitat for western toad, with the central branch containing the most 
highly suitable habitat (Figure 32).  The western toad has been recorded in Liberty, Las 
Virgenes and Palo Comado canyons, and to the west of Simi Peak in the Union, and on 
Mount Clef Ridge.  All suitable habitat identified in the planning area was delineated as 
potential core areas for this species (Figure 33).  Distances among all cores and patches 
of suitable habitat are within the dispersal distance of this species (figure not shown), but 
barriers may exist between suitable habitat patches.  We conclude that the Union will 
likely to serve the movement needs of western toad, though habitat added to the Union 
on Conejo Mountain and Mount Clef Ridge will also benefit this species. 
 
To protect and restore habitat connectivity for the western toad, we recommend that: 

 
 Riparian habitats needed for breeding and movement are restored. 

 
 Invasive species be eradicated that destroy breeding habitat (e.g., giant reed) 

and prey on tadpoles (e.g., bullfrogs and fish). 
 

 Road barriers be modified, where necessary, to allow amphibians to move along 
stream courses. 

 
 Water quality that is compromised by agricultural, urban, and industrial runoff be 

restored. 
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California kingsnake (Lampropeltis getula)
 

 
Justification for Selection:  This 
species is attracted to warm roads in 
the evening in late spring and 
summer, making them particularly 
susceptible to roadkill (McGurty 
1988).  This species is also likely 
sensitive to urban-caused habitat 
fragmentation in the study area 
(Busteed 2003). 
 
Distribution & Status: California 
kingsnake ranges throughout the 
western United States, from Baja 
California to Oregon and southern 
Utah to western Arizona.  Elevation 
ranges from sea level to 2,100 m (7,000 ft; Stebbins 1985, Zeiner et al. 1988). 
 
While this subspecies is not considered a special status species, kingsnakes are 
declining in the wild due to heavy collecting pressure, habitat loss and degradation 
(McGurty 1988).  Regulatory agencies have instituted a law to ban the taking of this 
species from the wild, but kingsnakes, in all their striking variations, are still, 
unfortunately, a hot commodity.  
 
Habitat Associations:  California kingsnake may utilize meadows, grassland, oak 
woodland, open coniferous forest, chaparral, and coastal scrub habitats but they are 
most abundant in valley-foothill riparian and other habitats occurring in the vicinity of 
rivers and streams (Zeiner et al. 1988).  When inactive, kingsnakes seek cover in rocky 
outcrops, rodent burrows and under surface objects such as flat rocks, logs, and 
boards.  At montane localities with cold winters, individuals hibernate in rodent burrows 
and in deep fissures in rock accumulations (Zeiner et al. 1988). 
 
Spatial Patterns:  Research on home range size, density estimates and movement 
ecology for California kingsnake is lacking.  Although, this species is presumed to 
seasonally migrate over relatively short distances to and from winter hibernacula, no 
distance estimates were found in the literature.  
 
Conceptual Basis for Model Development:  Movement between protected core areas 
in the linkage is multigenerational.  Suitable habitat for the kingsnake was defined as 
valley-foothill riparian, riparian woodland, wet meadow, grassland, coastal sage, 
chaparral, oak woodland, and coniferous forests.  Since no data are available on the 
home range size of this species, all suitable habitat patches were delineated as potential 
cores areas.  Dispersal distance was not estimated for this species.  
 
Results & Discussion:  Highly suitable habitat for kingsnake is fairly widespread in both 
targeted protected areas and the Least Cost Union (Figure 34).  All suitable habitat is 
considered potential core areas (Figure 35).  The spatial configuration of suitable habitat 
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for kingsnake suggests that all branches of the Union will likely to serve the movement 
needs of this species.   
 
Snakes are particularly vulnerable to roadkill, since they preferentially aggregate on or 
near warm roads to thermoregulate (Trombulak and Frissell 2000).  To protect and 
restore habitat for California kingsnake, we recommend that: 
 

 Riparian buffers of 1 km are added along each riparian route in the linkage.   
 

 Road barriers are modified to allow kingsnakes to move along water courses and 
suitable upland habitats.  

 
 Anti-poaching laws are enforced. 
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Coastal whiptail (Aspidoscelis tigris stejnegeri) 

 
 
Justification for Selection:   
Whiptails utilize patches and need 
continuous open spaces for 
movement between core areas. 
Edge effects limit dispersal. They 
are habitat generalists, but 
susceptible to habitat fragmentation, 
roads, highways, and extremely 
impervious environments (R. Fisher, 
pers. comm.). 

Distribution & Status:  Coastal 
whiptails are widely distributed, but 
uncommon over much of their range 
in California, except in desert regions where they are abundant in suitable habitats 
(Zeiner et al. 1988).  They are found throughout the state except in the humid northwest, 
along the humid outer Coast Ranges, and in mountainous regions above 2,290 m (7,500 
ft).    

Habitat Associations:  Coastal whiptails occur in a variety of habitats including valley-
foothill hardwood, valley-foothill hardwood-conifer, valley-foothill riparian, mixed conifer, 
pine-juniper, chamise-redshank chaparral, mixed chaparral, desert scrub, alkali scrub, 
and alluvial fans (Zeiner et al. 1988).  Whiptails spend little time in open areas, but will 
cross barren spaces in order to reach the cover of dense shrubs in sparsely vegetated 
areas (Zeiner et al. 1988).  They are often found associated with sandy areas along 
gravelly arroyos or washes (Stebbins 1954).  Loose soil for foraging and nest 
construction may be an important habitat element (Zeiner et al. 1988).  Vitt and Ohmart 
(1977) reported that the diet of whiptails may change seasonally to reflect the 
abundance of seasonally available prey items, which may include a wide variety of 
ground-dwelling invertebrates including grasshoppers, beetles, ants, termites, insect 
larvae and spiders (Stebbins 1954). 
 
Spatial Patterns:  Average home ranges for whiptails (excluding wandering individuals) 
have been calculated by Milstead (1957) to be about .1 ha (.26 ac).  Jorgensen and 
Tanner (1963) have reported home range sizes of .7 ha (.18 ac) for males and .04 (.1 
ac) for females.  Observed overlaps in the home ranges of adult whiptails, and apparent 
lack of aggressive behavior between individuals suggest that there is a lack of male 
territoriality in this species (Milstead 1957). 
 
Little is known about dispersal distances for this species but they are capable of making 
extensive movements, sometimes moving hundreds of meters from one location to 
another (Jorgensen and Tanner 1963, McCoy 1965, Anderson 1993).  Most or all 
essential habitat requirements are apparently found within the normal area of activity 
(Zeiner et al. 1988).  When long-distance movements do occur they are unpredictable 
and related to food availability.  

© 2004 Dr. Daniel L. Geiger 
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Conceptual Basis for Model Development:  Movement in the linkage is multi 
generational.  Coastal whiptail prefers oak woodland, hardwood-conifer, valley-foothill 
riparian, mixed conifer, pine-juniper, chaparral, scrub, and alluvial fan habitats, below 
2,290 m.  Potential core areas were defined as greater than or equal to 2.5 ha (6.18 ac).  
Patch size was classified as > 0.2 ha (0.49 ac) but less than 2.5 ha.  Dispersal distance 
was defined as 400 m (1,312 ft). 
 
Results & Discussion:  All three branches of the Least Cost Union contain medium to 
high suitable habitat for the whiptail, with the central and eastern branches containing 
the most contiguous habitat (Figure 36).  The whiptail has been recorded in Palo 
Comado Canyon in the Union, and on Mount Clef Ridge.  Almost all suitable habitat 
identified in the planning area was delineated as potential core areas for this species 
(Figure 37).  Distances among all cores and patches of suitable habitat are within the 
dispersal distance of this species (figure not shown), but barriers may exist between 
suitable habitat patches.  We conclude that the linkage will likely serve the movement 
needs of the whiptail.   
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 Southern steelhead trout (Oncorhynchus mykiss mykiss) 

 
 
Justification for Selection:  Steelhead 
trout possess unique adaptations, 
represent an important part of the 
state’s anadromous resources and, 
because the steelhead inhabits an entire 
river ecosystem, and requires clean, 
cool water year-round, it serves as a 
vital indicator of the overall health of the 
aquatic ecosystems of southern 
California coastal watersheds (Finney and Edmondson 2002, Titus et al. 1999).  
 
In original population numbers, steelhead could have been considered a keystone 
species, and appear to be keystone food resources for vertebrate predators and 
scavengers in some regions (Willson and Halupka 1995).  A growing body of evidence 
indicates that chemical nutrients delivered by spawned-out carcasses can play a critical 
role in sustaining the productivity of riparian and lacustrine ecosystems, perhaps 
including the next generations of juvenile salmon (Richey et al. 1975, Kline et al. 1990).  
Variation in anadromous fish populations can have major effects on the productivity, 
phenology and metapopulation dynamics of wildlife and hence on regional biodiversity 
(Willson and Halupka 1995).  The loss of southern steelhead trout from many historically 
used streams in the planning area has certainly affected these ecosystems.  However, 
increasing opportunities and interest exist to restore steelhead populations in streams 
throughout the region and waterway connectivity is a key requirement for success. 
 
Distribution & Status:  Historically, the steelhead trout was found in the North Pacific 
Ocean from the Kamchatka Peninsula in Asia to the northern Baja peninsula, and likely 
inhabited most coastal streams in Washington, Oregon and California as well as many 
inland streams in these states and Idaho (McPhail and Lindsey 1970).  During the 
twentieth century, over 23 indigenous and naturally reproducing stocks of steelhead are 
believed to have been extirpated, and many more are thought to be in decline (NMFS 
2000a).  Presently, the species distribution extends from the Kamchatka Peninsula, east 
and south along the Pacific coast of North America, to at least Malibu Creek in southern 
California.  A recent discovery of steelhead in San Mateo Creek on the border of Orange 
and San Diego Counties has confirmed the ability of the steelhead to repopulate areas 
of its historic range significantly south of Malibu Creek (CDFG 2000, Finney and 
Edmondson 2002). 
 
The Southern California steelhead population has declined by 99% since the turn of the 
century (Titus et al. 1999).  All naturally spawned populations and their progeny in rivers 
from the Santa Maria River, San Luis Obispo, to Malibu Creek, Los Angeles County are 
considered endangered.  On August 18th, 1997, the National Marine Fisheries Service 
issued a Final Rule listing two Evolutionarily Significant Units (ESUs) (Southern 
California and Upper Columbia River) as endangered and three ESUs (Central California 
Coast, South-Central California Coast, and Snake River Basin) as threatened.  
 

www.caltrout.org 
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The major cause of decline of steelhead in California is freshwater habitat loss and 
degradation, from inadequate stream flows, blocked access to historic spawning and 
rearing areas by dams, and human activities like land development, logging, mining and 
agriculture that discharge sediment and debris into watercourses (Jantz et al. 1990, 
CalTrout 1999).  In particular, habitat degradation from urbanization and urban runoff 
pollution has resulted in sediment in streams clogging spawning gravel, harming the 
natural reproduction and productivity of the steelhead (Jantz et al. 1990, CalTrout 1999).  
 
Habitat Associations:  Unlike juvenile salmon that typically migrate to the ocean after 
just a few months of freshwater rearing, juvenile steelhead trout reside in coastal 
streams from one to three years (Finney and Edmondson 2002).  Steelhead use all 
segments of a river or stream system to complete the freshwater phase of their life-
history: estuaries to acclimate to salinity changes, the middle reaches of the main stem 
to reach tributaries, and headwaters tributaries to spawn and rear (Finney and 
Edmondson 2002).  Steelhead require cool, clean water year-round to sustain 
themselves and need cool, clean, well-oxygenated water flowing over clean gravel to 
breed and develop (McEwan and Jackson 1996).  
 
Major streams in southern California originate in the coastal mountains and often cross 
broad low-elevation alluvial flats which present inhospitably warm and fluctuating 
temperatures and the streams themselves may be intermittent.  The higher-elevation 
headwaters or well-shaded reaches, therefore, are the primary spawning and rearing 
areas for steelhead today.  The optimum water depth for steelhead spawning is 
approximately 36 cm (14 in) and ranges from about 15 to 91 cm (6 to 36 in; Bovee 
1978).  Fry typically use water approximately 20 cm (8 in) in depth and can use water 5 
to 81 cm (2 to 32 in) deep, while older juveniles typically use a water depth of about 38 
cm (15 in) but can use water 5 to 152 cm (2 to 60 in) deep (Bovee 1978).  
 
The ability of some southern steelhead to survive in warm (>70o F [21o C]) isolated pools 
(Higgins 1991) possibly is due to greater physiological tolerances to higher temperatures 
and lower oxygen levels than are shown by other steelhead stocks.  It has been 
surmised that steelhead in southern California also rely heavily on estuaries, because 
many of their streams seasonally had very low flows or dried completely in the alluvial 
fan areas (Higgins 1991).  Evidently large numbers of juvenile southern steelhead often 
could be caught in coastal lagoons in the 1930s and earlier (Swift et al. 1993).  Most of 
the estuaries today are much shallower and warmer than they were originally.  
 
Spatial Patterns:  Steelhead trout typically migrate to marine waters after spending 2 
years in fresh water.  Then they reside in marine waters for typically 2 or 3 years prior to 
returning to their natal stream as 4 or 5-year olds. In California, most steelhead spawn 
from December through April, often making their way past normally dry sections of 
rivers, small streams, and tributaries during the winter rainstorms that increase in-stream 
flows (Finney and Edmondson 2002).  This ability to migrate, spawn, hatch, rear, and 
mature in subsequently hydrologically isolated and marginal aquatic environments until 
the next storm event re-establishes a migration corridor between the inland and marine 
environment makes the steelhead uniquely able to exist in the southern extent of their 
range (Finney and Edmondson 2002). 
 
Migration and life-history patterns of southern California steelhead depend more strongly 
on rainfall and streamflow than is the case for steelhead populations farther north (Titus 
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et al 1999).  River entry ranges from early November through June with peaks in 
January and February.  Average rainfall is substantially lower and more variable in this 
ESU than in regions to the north, resulting in increased duration of sand berms across 
the mouths of streams and rivers and, in some cases; complete dewatering of the 
marginal habitats (NOAA 1996).  Environmental conditions in marginal habitats may be 
extreme (e.g., elevated water temperatures, droughts, floods, and fires) and presumably 
impose selective pressures on steelhead populations.  
 
Steelhead in general are known to have well-developed homing abilities (Moyle 1976), 
although it has been suggested that southern steelhead commonly stray from their natal 
streams (Higgins 1991).  Straying, if it actually occurs at significant levels in southern 
steelhead, may be selectively advantageous because it would allow spawners to 
opportunistically utilize more favorable streams when their natal streams dried up or 
were blocked by sand berms (Higgins 1991).  
 
Conceptual Basis for Model Development:  Steelhead trout can move 40 km (25 mi) 
from the ocean to the upper reaches of the watershed when surface waters are 
sufficient.  Dams, diversions and road crossings are significant barriers to movement. 
 
Results & Discussion:  The current known extent of southern steelhead trout in the 
planning area includes the Ventura River and San Antonio Creek in the Ventura 
Watershed, Santa Clara River, Santa Paula Creek, and Sespe Creek in the Santa Clara 
River Watershed, and Malibu Creek, Arroyo Sequit, and Topanga Creek in the Santa 
Monica Bay Watershed (Figure 38).  Historically, steelhead moved further up the Santa 
Clara River to spawning and rearing areas in upper Piru Creek, prior to the reservoir 
being built for Piru Lake (McEwan and Jackson 1996).  The Least Cost Union would 
promote steelhead movement up Santa Paula, Sespe, and Piru creeks in the Santa 
Clara River Watershed if habitat is added to the Union along these drainages, barriers 
are removed, and habitat restoration efforts are undertaken (Figure 38).  Habitat was 
also added to the Union along the mainstem of the Santa Clara River to maintain 
connections from the coast to the inland drainages.  Steelhead trout were also 
historically present further up Malibu Creek before Rindge Dam was erected (McEwan 
and Jackson 1996).  If barriers are removed and habitat restoration efforts undertaken, 
the linkage would promote steelhead movement from the coast to the confluence of 
Malibu and Las Virgenes creeks in the Malibu Creek Watershed (Figure 38). 
 
Restoration of steelhead trout populations will require removal of or modifications to 
dams, diversions and other barriers; sustaining winter/spring flows to allow for migration; 
and improving water quality. Fish ladders have been installed on the Vern Freeman Dam 
on the Santa Clara River and on the Harvey Dam on Santa Paula Creek to assist 
steelhead trout making the journey upstream.  Both need some modification since they 
were constructed based on a design used for salmon in northern parts of their range.  
Comprehensive data has recently been collected (Stoecker and Kelley 2005) on 
impediments to southern steelhead trout in the Santa Clara River Watershed and the 
feasibility of restoring healthy steelhead runs in historically occupied habitat.   
 
In the Santa Monica Bay Watershed, plans are underway to remove the now defunct 
Rindge Dam on Malibu Creek, which will increase steelhead habitat from 4.0 stream km 
to at least 12 km (2.5 to 7.5 mi), allowing them to reach their historical spawning grounds 
(McEwan and Jackson 1996).  Comprehensive data has also recently been collected in 
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the Santa Monica Mountains on barriers to movement for steelhead trout and potential 
spawning and rearing habitat was also identified (Caltrout 2006). 
 
The single greatest limiting factor in the recovery of southern steelhead is the network of 
regional dams and other fish passage barriers (McEwan and Jackson 1996).  Steelhead 
trout are no longer able to reach important upstream reproduction and nursery areas in 
most of the major coastal drainages south of San Francisco Bay (Titus et al. 1999).  To 
restore the full range of fish fauna to southern California aquatic systems and their 
watersheds, the priorities should be to focus on restoring fish passage to historic 
spawning and rearing areas, address watershed-wide degradation of aquatic 
ecosystems, and ensure adequate representation of southern California interests in all 
state and federal programs designed to address the recovery of steelhead in California 
(Finney and Edmondson 2002). 
 
The National Marine Fisheries Service, charged with the conservation and recovery of 
anadromous fish, has developed guidelines for the design of stream crossings to aid 
upstream and downstream passage of migrating salmonids (2000b).  Preferred 
crossings in order of preference are 1) bridge (with no encroachment into the channel 
100-year flood plain); 2) streambed simulation strategies: bottomless arch, embedded 
culvert design, or ford; embedded round metal culvert, concrete box culvert, or 
compound culvert designs.  Substrate and flow conditions within the crossing mimic that 
natural streambed above and below the structure; 3) non-embedded culvert: less than 
0.5%slope; and 4) baffled culvert, or structure designed with a fishway: slopes greater 
than 0.5% (NMFS 2000b). 
 
To maintain and restore steelhead runs in the planning area, we recommend that: 
 

 Barriers are removed or fish passages constructed across barriers to allow 
steelhead access to additional spawning and rearing habitat (Higgins 1991, 
McEwan and Jackson 1996, Stoecker and Kelley 2005, Caltrout 2006).  

 
 A centralized information sharing system is created that can be utilized by all 

agencies, land managers, academic institutions, and other researchers working 
on the conservation and recovery of southern steelhead trout (Finney and 
Edmondson 2002).   

 
 Overgrazing is discouraged.  Unrestricted or mismanaged grazing strategies can 

destroy habitat, erode banks and pollute the water (Caltrout 1999). 
 

 Water removal (groundwater pumping, impoundments, diversions) is prohibited 
from occupied or potentially restorable steelhead streams to leave minimum 
flows for fish in both streams and lagoons (McEwan and Jackson 1996).  

 
 Estuaries are rehabilitated through better watershed management practices to 

reduce the input of sediments and to increase freshwater inflows (McEwan and 
Jackson 1996).  

 
 All suggestions by Stoecker and Kelley (2005) and Caltrout (2006) to restore 

habitat connectivity and integrity for steelhead trout be implemented. 
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Chalcedon checkerspot butterfly (Euphydryas chalcedona)  
 

 
Justification for Selection:  Chalcedon 
checkerspot is considered an indicator 
species for undisturbed coastal sage 
scrub (Hogue 1993).  It is also a primary 
pollinator for many plant species, and 
may functionally increase the size of a 
plant’s available gene pool in proportion 
to the flight range of the pollinator and 
enhance the speed of dissemination of 
novel genes (Ballmer unpub). 
 
Distribution & Status: Chalcedon 
checkerspot have enormous geographic 
variation, with 38 subspecies named 
(Scott 1986).  They are treated by some as three separate species: Euphydryas anicia, 
E. chalcedona, and E. colon. E chalcedona is found from Alaska south along the Pacific 
coast through California and Arizona to Baja California and Mexico, east to Montana, the 
Dakotas, Wyoming, Colorado, and New Mexico.  The species is primarily associated 
with the coastal foothills (Orsak 978)  
 
Habitat Associations: Chalcedon checkerspots can be found in desert hills, chaparral, 
coastal sage scrub, oak woodlands, grasslands, open forest and alpine tundra from the 
Upper Sonoran Zone to the Alpine Zone (Scott 1986, Hogue 1993, Heath 2004).  
 
Food plants for the chalcedon checkerspot includes many members of the figwort family 
(Scrophulariaceae), especially bush monkeyflower (Mimulus aurantiacus) and coast 
figwort (Scrophularia californica), as well as paintbrushes (Castilleja spp.), and 
Penstemon (Penstemon antirrhinoides, P. cordifolia) (Orsak 1978).  Caterpillar hosts 
include penstemon and paintbrush, and species from several other plant families 
including Caprifoliaceae, Boraginacea and Rosaceae (Orsak 1978).  Adults are readily 
attracted to moisture and also to flowers of buckwheats (Eriogonum spp.) and yerba 
santa (Eriodictyon crassifolium) in many areas of southern California (Orsak 1978).  
 
Spatial Patterns:  Flight time is from March through June, and September through 
November.  Flight distances between recaptures averaged 65 m (213 ft) at one site, 146 
m (479 ft) at another, for males, but only 18 m (59 ft) for females (Scott 1986). 
 
The average life span for males is 9-10 days in nature.  Males seek females all day, by 
patrolling all over the habitat or by perching (especially on hilltops, but often on exposed 
vegetation in clearings), depending on the locality. 
 
Conceptual Basis for Model Development:  Movement through the linkage is multi-
generational.  Potential habitat for the chalcedon checkerspot butterfly include chaparral, 
coastal sage scrub, oak woodlands, grasslands, and open forest. 
 

© 2004 Roger Hall 
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Results & Discussion:  Potential habitat for the chalcedon checkerspot butterfly is 
widespread in the planning area, with all branches of the Least Cost Union containing 
suitable habitat (Figure 39).  Habitats in the Union are expected to support 
intergenerational movements of this species between targeted core areas.  The 
checkerspot butterfly would also benefit from a connection across Conejo Mountain to 
Mount Clef Ridge and the Tierra Rejada Valley.  To ensure the long-term survival of the 
chalcedon checkerspot butterfly in the planning area, habitat integrity, host plant 
colonies and nectar sources need to be maintained and restored.   
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Damselflies (Odonata - Zygoptera spp.) 
 

 
Justification for Selection:   A mature 
ecosystem often contains a diversity of 
invertebrates with overlapping functions, 
which contribute to community stability 
and resilience.  Damselflies serve as 
food for fish, birds and frogs (Smith and 
Pritchard 1956). Adults feed on 
mosquitoes and gnats (Powell and 
Hogue 1979).  Invertebrates are integral 
components of communities, without 
their functional presence, the structure 
and productivity of most, if not all, 
habitats would collapse (Ballmer 
unpub). 
 
Distribution & Status:  Damselflies are widespread wherever there is permanent, clean 
freshwater.  About 40 species of the Zygoptera are found in California (Manolis 2003). 
The most common damselflies are the bluets of the Coenagrionidae Family.  
 
Habitat Associations:  Damselflies are aquatic in the nymphal or larval state and as 
adults are terrestrial or aerial.  Adults stay close to the water in which they will lay their 
eggs. Nymphs (a.k.a. naiads) are predaceous water dwellers, eating immature insects, 
crustaceans, tadpoles, fish and young salamanders (Essig 1926).   
 
Broad-winged damselflies (Family Calopterygidae), such as the common Ruby Spot 
(Hetaerina americana) are likely to be seen only near rapidly flowing streams in the 
mountain canyons surrounding the Los Angeles Basin.  Dancers (Family 
Coenagrionidae) are normally seen around small streams in the mountains, most 
commonly in the San Gabriel and Santa Monica Mountains (Hogue 1993).  
 
Spatial Patterns:  Adult damselflies are not strong fliers and are usually found near the 
bodies of water in which they breed (Hogue 1993). 
 
Conceptual Basis for Model Development:  Movement in the linkage is multi 
generational.  All perennial streams were identified as potential habitat for damselflies. 
 
Results & Discussion:  Habitat for damselflies is limited to clean perennial freshwater 
streams, which are limited in the planning area.  Streams identified as potential habitat 
(Figure 40) are perennial but water quality is impaired in several of these drainages, 
which are listed under Section 303(d) of the Clean Water Act.  Habitats in the Union are 
not sufficient to accommodate this species.  We added habitat to the Union along the 
Santa Clara River, Santa Paula Creek, Sespe Creek, and Piru Creek to support the 
needs of damselflies.  Please see the Impediments to Streams section for 
recommendations to protect and restore habitat for damselflies and other riparian 
dependent species.   
  

Jo-Ann Ordano © California Academy of Sciences
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Harvester ant (Pogonomyrmex rugosus) 
 

 
Justification for Selection:  Harvester 
ants exert dominant influences on the 
landscape in pinyon-juniper, grassland 
coastal sage, and desert habitats, where 
these species extensively rework the soil, 
contribute to soil nutrient heterogeneity, 
and alter herb and shrub cover (MacMahon 
et al. 2000). 
 
The soil excavations of ant colonies, and 
numerous other soil-dwelling arthropods, 
help to aerate the soil and to move 
organic particulates from the soil surface 
to greater depths (Ballmer unpub).  Some ants also sequester quantities of seeds under 
ground, providing a seed bank for some plant species.  Harvester ants aid in seed 
dispersal for some plants (Ballmer unpub).  Harvester ant seed predation continuously 
alters the distribution and relative abundance of flower types in California grasslands 
(Moldenke 1976).  This, along with varying rainfall, causes great variation from year to 
year of floral productivity. 

 
Distribution & Status:  Harvester ants are found in western Oklahoma, western Texas, 
southeastern and southwestern Colorado, New Mexico, southern Utah, Arizona, 
southern and central Nevada, southern California and Mexico.  Western harvester ants 
are more common at higher elevations. They are known up to 2,743 m (9,000 ft).  
 
Harvester ants, like all native ants, are threatened by the invasion of Argentine Ants 
(Linepithema humile).  Agriculture, flood control, and urbanization promote biological 
invasions by Argentine ants that eliminate native ant colonies.  The coast horned lizard, 
a sensitive species that is declining, is highly dependent on native ants for sustenance 
(Pianka and Parker 1975, Montanucci 1989, Suarez et al. 2000, Suarez and Case 2002, 
Fisher et al. 2002).  
 
Habitat Associations:  Harvester ants are characteristic or indicator species of dry river 
beds: washes, arroyos, and basins below mountains where water is seldom present, 
vegetation is partly riparian, partly coastal sage scrub, but very sparse (Hogue 1993). 
During long dry periods, coastal sage may infringe and isolated chaparral species may 
occur (Hogue 1993).   
 
Founding queens of P. rugosus have a higher tolerance for dessication and hence this 
species dominates in drier soil microhabitats consisting of coarser soils (Johnson 2000).  
 
Spatial Patterns:  Harvester ants form colonies composed of 1,000-22,000+ individuals 
and typically collect vast quantities of seeds and dead insects during the warmer 
seasons of the year (MacKay 1981).  In most habitats harvester ant colonies are fairly 
regularly spaced, a common sign of territorial behavior in other groups of animals.  In 
southern Arizona, P. rugosus colonies were found to be spaced at an average of 17 m 
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(56 ft) apart (Holldobler 1974). Harvester ant colonies can occupy the same nest for 20 
years (Gordon 1991, 1992).  
 
P. rugosus had random dispersion patterns in the Chihuahuan Desert, where intra- and 
interspecific encounters were infrequent (Whitford et al. 1976).  Neighborhood 
interactions affect establishment, survivorship, and colony spacing within habitats where 
colony densities are high, whereas at broader scales, variability in soils, vegetation, or 
land-use practices affects the density and distribution of Pogonomyrmex spp. 
(MacMahon et al. 2000).  
 
Conceptual Basis for Model Development:  We modeled potential habitat for coast 
horned lizard as a surrogate for harvester ant.  Horned lizards may use alluvial fans, 
alkali flats, alkali desert scrub, dunes, open coastal scrub and chaparral, grassland, and 
clearings in coniferous forests, broadleaf woodlands, and riparian woodlands.  They 
avoid urban and agricultural developments and areas of high road density.   
 
Results & Discussion:  Potential habitat for the harvester ant is widespread in the 
linkage planning area.  All branches of the Least Cost Union contain suitable habitat for 
this species (Figure 41), with documented occurrences of coast horned lizard in the 
western branch of the Union in the Santa Susana Mountains.  With habitat restoration, 
we believe that the Least Cost Union will serve this species.  The harvester ant would 
also benefit from the Conejo Mountain and Mount Clef Ridge additions to the Union.   
 
To maintain connectivity for harvester ants, we recommend that no additional 
agriculture, flood control, or urbanization be permitted in the Linkage Design.  Irrigation 
of landscapes encourages the spread of Argentine ant populations into natural areas, 
where they cause a halo of local extinctions of native ant populations extending 200 m 
(656 ft) into native vegetation (Suarez et al. 1998, Bolger et al. 2000).  We suggest 
protection and restoration of contiguous swaths of natural habitats with buffers of at least 
1 km (0.62 mi) to maintain the integrity of the linkage.   
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 Burrowing scorpion (Anuroctonus phaiodactylus) 
 

 
Justification for Selection:  
Predatory species like the burrowing 
scorpion are considered the 
charismatic megafauna of the 
arthropod world (T. Longcore, pers. 
comm.), exerting important influence 
over the invertebrate community.   
  
Distribution & Status: The burrowing 
scorpion is found in Nevada, 
California, western Utah, and Baja 
California, Mexico. The burrowing 
scorpion has no special status. 
 
For these organisms, roads, concrete-lined ditches, irrigation canals, expanses of 
irrigated land (e.g. agriculture, golf course), and other non-habitats can be effective 
barriers to movement and/or direct causes of mortality (Ballmer unpub).   
 
Habitat Associations:  The burrowing scorpion needs contiguous coastal sage and or 
chaparral habitats with undisturbed soil (T. Longcore, pers. comm.).  This species is 
generally nocturnal, moving about at night in search of soft-bodied insects for food.  
They usually feed on beetles, cockroaches, crickets, centipedes, spiders, sun spiders, 
and other ground dwellers (Hogue 1993). 
 
Spatial Patterns:  The burrowing scorpion is a ground-dwelling species that may occur 
in low densities and wander relatively great distances in search of mates.  Burrowing 
scorpions dig burrows, often in colonial aggregations and ambush prey from the mount 
of its burrow during the night, retreating into its shelter during the day or when startled or 
threatened (Hogue 1993).  
 
Conceptual Basis for Model Development:  Movement in the linkage is multi 
generational.  We modeled potential habitat for this species as coastal sage scrub and 
chaparral habitats. 
 
Results & Discussion:  Potential habitat for the burrowing scorpion is widespread in the 
planning area, with all branches of the Least Cost Union providing suitable habitat 
(Figure 42).  The western and eastern branches of the Union provide the most 
contiguous habitat for this species.  However, since one of the few natural communities 
this species utilizes is coastal sage scrub, the burrowing scorpion would certainly benefit 
from adding the coastal sage connection from Conejo Mountain to Mount Clef Ridge and 
the Tierra Rejada Valley.  We conclude that, with the suggested additions, the linkage 
will likely serve this species.  We suggest habitat restoration in areas of the Linkage 
Design historically occupied by coastal sage scrub.  Lighting should be directed away 
from the linkage and crossing structures for this nocturnally active species (Rich and 
Longcore 2006).   
 

© 2002 Arie van der Meij
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California black walnut (Juglans californica) 
 

 
Justification for Selection:  California 
black walnut is considered one of 
California’s rare and imperiled natural 
communities, severely threatened by 
habitat fragmentation and degradation 
(CNPS 2001).  Walnut trees provide 
habitat and a highly nutritious food source 
for wildlife (Anderson 2002). 
 
Distribution & Status:  California black 
walnut is endemic to the state and is 
restricted to a narrow band within the southern California coastal foothills, from the 
Transverse Range in Santa Barbara County south to the Peninsular Ranges of San 
Diego County (Hickman 1993, CNPS 2001, Anderson 2002).  The elevational range 
extends from near sea level in the Santa Monica Mountains to 1,067 m (3,500 ft) in the 
San Bernardino Mountains (Anderson 2002). 
 
In the linkage planning area, California black walnut occurs extensively in the Santa 
Clarita River drainage near Sulphur Mountain, in the Simi Hills and Santa Susana 
Mountains, and on the northern slope of the Santa Monica Mountains (Quinn 1989).  A 
unique forest association of bigcone Douglas-fir (Pseudotsuga macrocarpa), oaks, and 
walnut occurs on the northeast side of the Santa Susana Mountains and a magnificent 
oak–walnut forest, dominated by coast live oak (Quercus agrifolia), covers more than 5 
square miles on the north face of Sulphur Mountain (Anderson 2002).   
 
The California black walnut forest community is a much fragmented, declining natural 
community that is rare in southern California due to habitat loss and degradation caused 
by urbanization and grazing (CNPS 2001).  California walnut woodlands appear to have 
low regeneration, which is likely caused by a combination of livestock grazing, invasion 
of nonnative annual grasses, seedling predation, and disease.  California walnut 
woodlands are designated as a sensitive natural community (CDFG 2005) and are not 
well-represented on public lands (Stephenson and Calcarone 1999).    
 
Habitat Associations:  California black walnut occurs along slopes and in canyons 
within chaparral, coastal sage scrub, grassland, and cismontane woodlands (CNPS 
2001, Anderson 2002).  It usually occupies mesic areas (riparian corridors, floodplains, 
and north-facing slopes) and prefers soils with high clay content (Quinn 1990, Hickman 
1993, Stephenson and Calcarone 1999, CNPS 2001), but it may also be found in dry 
situations where it is sustained by ground-water supplies (Faber et al. 1989).  It can be 
the dominant tree in the canopy or can occur in mixed stands with other hardwoods.  
 
Spatial Patterns:  California black walnuts are wind pollinated from male catkins found 
on the same tree.  They flower from March to May and their fruits reach full maturity in 
the fall (Quinn 1989).  Seedlings appear in the spring and mature rapidly in moist sunny 
locations (Swanson 1976).  California black walnut prefers north- and east-facing slopes 
(Anderson 2002).   

©  Alfred Brousseau, Saint Mary's College 
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Streams may provide for direct transport of seeds and movement of wildlife that act as 
seed dispersal agents.  The fruit of the walnut is stored, buried or eaten by both 
California ground squirrels (Spermophilus beecheyi) and western gray squirrels (Sciurus 
griseus) (Quinn 1989).  Seeds may also be transported by coyotes up to 16 km (10 mi) 
(S. Riley pers. comm.) and by crows or ravens up to 1.6 km (1 mi; K. Garrett, pers. 
comm.). 

Conceptual Basis for Model Development:  California black walnut may be found in    
chaparral, coastal sage scrub, grassland, and cismontane woodlands below 1,067 m.   
 
Results & Discussion:  Potential habitat for walnut is widespread in the planning area, 
with both the western and eastern branches of the Least Cost Union providing fairly 
contiguous patches of suitable habitat for germination and establishment of black walnut, 
as well as live-in and move-through habitat for potential seed dispersers (Figure 43).    
We conclude that the Union will likely serve the needs of this species.   
 
Development on private lands and loss of suitable habitat for establishment (south slope 
drainages, north-slope hillsides) appears to be the primary threat to this community, so 
protection is needed on private lands, as well as a concerted effort to bring some of the 
best examples of remaining stands under permanent protection.  Research needs to be 
conducted to better determine current distribution, and the effect of fire regimes and 
nonnative grasses on regeneration of California walnut (Stephenson and Calcarone 
1999).   





 
South Coast Missing Linkages Project 
Santa Monica-Sierra Madre Connection 
 

60

Valley oak (Quercus lobata) 
 

 
Justification for Selection:  Valley oak 
riparian forests and woodlands are 
intensively used by wildlife.  Valley oak 
riparian forest has the most complex 
structure of any vegetation type in 
California, and as a result, is among the 
most diverse in terms of the animal life it 
supports (Pavlik et al. 2000).  Collectively, 
valley oak riparian forests support 67 
nesting bird species (Gaines 1980, 
Schlorff and Bloom 1984).  Valley oak 
woodlands are used by 21 species of 
amphibian (8 of special status in California), 31 reptiles (12 of special status in CA), 142 
bird species (28 of special status in CA), and 74 mammals (24 of special status in CA) 
(CDFG 2005).  To date, valley oak has not shown symptoms of Sudden Oak Death, 
which may make them even more critical to the long term viability of oak woodland-
dependent wildlife (California Partners in Flight 2002). 
 
Distribution & Status:  Valley oak is endemic to California, occurring below 1,700 m 
(5,600 ft) in the Coast Ranges, Sierra Nevada foothills, and Central Valley from Tehama 
County south, and reaching its southern limit in the San Fernando and Santa Clarita 
Valleys and the Santa Monica Mountains in Los Angeles County (Griffin and Critchfield 
1972, Thomas 1987, Pavlick et al. 2000).  Valley oak forms extensive woodlands, 
particularly in the Central Valley, but in the South Coast Ranges, valley oak is a minor 
component of several plant communities (Griffin and Critchfield 1972).  
 
Historically, valley oak forests and woodlands were much more extensive (Bartolome 
1987).  In 1998, the California GAP Analysis Project estimated valley oak to cover a total 
of 287,323 ha (709,991 ac) in the state (Davis et al. 1998). In the central and south coast 
bioregions, an estimated 275 ha (680 ac) of valley oak woodland occur on public lands, 
representing only 8% of the total extent of this community in the southern part of the 
state (Stephenson and Calcarone 1999).  Rapid expansion of agriculture, vineyards, and 
urban development, in addition to restricted recruitment within remnant stands, has 
seriously reduced the amount of valley oak woodlands (Griffin 1971, Bolsinger 1988, 
Adams et al. 1992, Stephenson and Calcarone 1999).  Valley oak woodlands and 
forests are designated as sensitive natural communities by the state (CDFG 2005). 

 
Seedling regeneration is low and may jeopardize the long-term viability of valley oak 
woodlands; many stands are reported to lack trees younger than 75-125 years (Pavlick 
et al. 2000).  Factors limiting the recruitment  and regeneration of valley oaks include 
drought stress, predation by deer, ground squirrels, gophers, insects and livestock, soil 
cultivation around mature trees, lowering of the water table caused by groundwater 
pumping, and competition from annual herbaceous species and nonnative grasses 
(Griffin 1976, Griggs 1990, Danielsen and Halvorson 1991, Stephenson and Calcarone 
1999).  Mature trees are sensitive to over watering, saline irrigation runoff, lowered water 
tables, pruning, grade changes, and blankets of asphalt covering the root system (Griffin 
1973, Rossi 1980).    

Jo-Ann Ordano © California Academy of Sciences 



 
South Coast Missing Linkages Project 
Santa Monica-Sierra Madre Connection 
 

61

 
Habitat Associations:  Valley oaks may occur on valley floors and moderate slopes, in 
open grasslands, savannah and woodlands, and in riparian areas in chaparral 
(Stephenson and Calcarone 1999).  Valley oak grows on intermittently flooded or 
seasonally saturated soils in valley floors and on alluvial or residual soils in lower foothill 
communities, with slopes less than 35 percent (Allen et al. 1991, Sawyer and Keeler-
Wolf 1995).   
 
Spatial Patterns:  Valley oak is wind pollinated and animal dispersed. Male flowers are 
arranged in long catkins that produce wind-borne pollen, usually March-April (Roberts 
1995).  Acorns mature and drop to the ground in the fall, and germination usually occurs 
soon afterwards (Roberts 1995).  Seed-caching animals, such as scrub jay, Stellar’s 
jays, yellow-billed magpies and California ground squirrel, are important because acorns 
buried by these animals have a greater chance of germination and successful 
establishment (Griffin 1976, Carmen et al. 1987).  Acorns can be moved 0.62 to 1.2 km 
(1-2 mi) by birds, but germination and establishment may be restricted to nodes beneath 
existing oaks. 
 
Conceptual Basis for Model Development:  Valley oaks may occur in open 
grasslands, savannah and woodlands, and in riparian areas in chaparral below 1,700 m.  
Dispersal distance was defined as 1.2 km. 
 
Results & Discussion:  Potential habitat for Valley oak is somewhat restricted in the 
planning area, though it is well distributed in the Least Cost Union (Figure 44).  We 
conclude that the Union is likely to serve this species, as sufficient suitable habitat exists 
for germination and establishment of Valley oak, and for birds and small mammals that 
disperse acorns (e.g., scrub jay, ground squirrel) to move through habitats in the Union. 
 
Oak woodlands should be managed at the landscape level to accommodate species 
interactions at multiple scales and prevent the invasion of protected habitat patches by 
exotic plants and animals (Sisk et al. 1997).  Linking and buffering large contiguous 
areas of oak woodland and associated habitats are priorities for protection and 
restoration because fragmentation alters bird species composition, favoring nest 
predators and exotic competitors (Merelender et al. 1998, Purcell and Verner 1999).  To 
protect and restore habitat for Valley oak, we recommend that: 
 

 Sites with intact oak regeneration and decay processes and diverse age class 
structures should be preserved to insure viable future habitat (California Partners 
in Flight 2002). 

 
 Seedlings and saplings be protected from overgrazing (California Partners in 

Flight 2002). 
 
 Ecologically sensitive fire management activities, including carefully planned low-

intensity prescribed burns may also contribute to improved oak recruitment and 
may prevent large, higher intensity fires that destroy oak woodlands (Standiford 
and Tinnin 1996).   

 
 Light and Pedroni (2001) recommended creation of policies on oak woodland 

conservation that regard the oak woodland as the functional unit.  





 
South Coast Missing Linkages Project 
Santa Monica-Sierra Madre Connection 
 

62

 
Bigberry manzanita (Arctostaphylos glauca) 

 
 
Justification for Selection:  Bigberry 
manzanita may be impacted by disruption 
of ecological processes in linkage areas, 
particularly changes in fire frequency 
associated with urban development 
adjacent to linkages. 
 
Distribution & Status: Bigberry 
manzanita is distributed from Mount 
Diablo in Contra Costa County, California 
south through the South Coast, 
Transverse, and Peninsular ranges and 
interior regions of the Sierra Juarez and Sierra San Pedro Martir to central Baja 
California (Eastwood 1934, Minnich and Howard 1984, Vasek and Clovis 1976).  
Bigberry manzanita is typically found on dry slopes below 1500 m (4500 ft; Munz 1959) 
but has been recorded at elevations up to 1890 m (6200 ft; Hickman 1993). 
 
Habitat Associations:  Bigberry manzanita is associated with intact chaparral, Joshua 
tree woodland, and pinyon-juniper woodland (CNPS 2001).  It is usually not a dominant 
chaparral species except in mixed chaparral of the San Gabriel and San Bernardino 
mountains (Minnich and Howard 1984).  It occasionally forms dense, pure stands or 
codominates with Eastwood manzanita in manzanita chaparral (Hanes 1977).  Bigberry 
manzanita also occurs in singleleaf pinyon (Pinus monophylla)-Utah juniper (Juniperus 
osteosperma) communities bordering the Sonoran and Mojave deserts (Vasek and 
Clovis 1976).  
 
Bigberry manzanita has no statistically significant association with aspect or degree of 
slope (Hanes 1971).  Bigberry manzanita grows in soils derived from granite, limestone, 
quartz diorite, or serpentine and that range in texture from sandy loam with considerable 
coarse fragment to loam (Hellmers et al. 1955, Horton and Kraebel 1955, Hanes and 
Jones 1967). 
 
Spatial Patterns:  Bigberry manzanita have limited localized dispersal.  Birds, rodents, 
and coyotes eat the fruits and various seed-eating rodents consume the seeds (Horton 
and Wright 1944, Keeley 1977).  Seeds are transported by coyotes, as well as cedar 
waxwing and related chaparral birds (Wishner pers comm., Sauvajot pers comm.) 
 
Bigberry manzanita is an obligate post fire seeder, with germination after fire 
scarification of the stone (Wright and Bailey 1982, Minnich and Howard 1984).  It is best 
adapted to high-intensity, long-interval (100+ years) fires (Keeley and Hays 1976, Keeley 
and Keeley 1977), but can be destroyed by repeated short-interval fires (Dunn et al. 
1988).   
 

Charles Webber © California Academy of Sciences 
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Conceptual Basis for Model Development:  Bigberry manzanita may be found in 
chaparral and pinyon-juniper woodlands below 1,890 m.  Coyotes and chaparral birds 
may disperse the fruit up to a few miles. 
 
Results & Discussion:  Potential habitat for Bigberry manzanita in the planning area 
closely follows the distribution of chaparral habitats (Figure 45).  While potential 
germination habitat for the manzanita is not widespread in the Least Cost Union, the 
linkage is still likely to serve the needs of this species by facilitating movements of the 
primary seed dispersers (e.g., coyote). 
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Linkage Design  
 

 
This chapter is the heart of the report.  It summarizes the goals of the Linkage Design 
and presents a map and description of the land within it.  However, assessing and 
maintaining linkage function requires us to also identify barriers to movement, including 
land uses that may hinder or prevent species from moving through the linkage.  Much of 
this chapter therefore describes existing barriers within the linkage and recommends 
actions to improve linkage function. 
 
Goals of the Linkage Design 
 
To accommodate the full range of target species and ecosystem functions, the Linkage 
Design (Figure 46) should 1) provide live-in and move-through habitat for multiple 
species, 2) support metapopulations of smaller species, 3) ensure availability of key 
resources, 4) buffer against edge effects, 5) reduce contaminants in streams, 6) allow 
natural processes to operate, and 7) allow species and natural communities to respond 
to climatic changes.  We elaborate on these goals below. 
 
The Linkage Design must be wide enough to provide live-in habitat for species with 
dispersal distances shorter than the linkage.  Harrison (1992) proposed a minimum 
corridor width for a species living in a linkage as the width of one individual’s territory 
(assuming territory width is half its length).  Thus, our minimum corridor width of 2 km 
should accommodate species with home ranges of up to about 8 km2 (3 mi2).  This 
would accommodate all focal species except the largest, such as mountain lion, mule 
deer and badger.    
 
The Linkage Design must support metapopulations of less vagile species.  Many small 
animals, such as western toad, whiptail, kingsnake, desert woodrat, and many 
invertebrates, may require dozens of generations to move between core areas.  These 
species need a linkage wide enough to support a constellation of populations, with 
movements among populations occurring over decades.  We believe 2 km is adequate 
to accommodate most target species living as metapopulations within the linkage area.  
 
The Linkage Design was planned to provide resources for all target species, such as 
host plants for butterflies and pollinators for plants.  For example, many species 
commonly found in riparian areas depend on upland habitats during some portion of 
their life cycle, such as some butterflies that use larval host plants in upland areas and 
drink from water sources as adults.  
 
The Linkage was also designed to buffer against “edge effects” even if adjacent land 
becomes developed.  Edge effects are adverse ecological changes that enter open 
space from nearby developed areas, such as weed invasion, artificial night lighting, 
predation by house pets, increases in human-associated or opportunistic species like 
house mice (Mus musculus), elevated soil moisture from irrigation, pesticides and 
pollutants, noise, trampling, and domesticated animals that attract native predators.  
Edge effects have been best-studied at the edge between forests and adjacent 
agricultural landscapes, where negative effects extend 300 m (980 ft) or more into the 
forest (Debinski and Holt 2000, Murcia 1995) depending on forest type, years since the 
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edge was created, and other factors (Norton 2002).  The best available data on edge 
effects for southern California habitats include reduction in leaf-litter and declines in 
populations of some species of birds and mammals up to 250 m (800 ft) in coastal scrub 
(Kristan et al. 2003), collapse of native plant and animals communities due the invasion 
of argentine ants up to 200 m (650 ft) from irrigated areas (Suarez et al. 1998), and 
predation by house cats which reduce small vertebrate populations 100 m (300 ft) from 
the edge (K. Crooks, unpublished data).  Domestic cats may affect wildlife up to 300 m 
(980 ft) from the edge based on home range sizes reported by Hall et al. (2000).  The 
proximity of human activities near natural areas can also result in indirect impacts and 
habitat alteration from trail proliferation, higher fire frequencies, etc., and these changes 
in turn may impact native species (Buechner and Sauvajot 1996).  These impacts can be 
partially mitigated by maintaining high quality habitat in conservation areas, particularly 
adjacent to human-developed areas (Sauvajot et al. 1998).  

 
Upland buffers are needed adjacent to riparian vegetation or other wetlands to prevent 
aquatic habitat degradation.  Contaminants, sediments, and nutrients can reach streams 
from distances greater than 1 km (0.6 mi) (Naicker et al. 2001, Maret and MacCoy 2002, 
Scott 2002), and fish, amphibians, and aquatic invertebrates often are more sensitive to 
land use at watershed scales than at the scale of narrow riparian buffers (Goforth 2000, 
Fitzpatrick et al. 2001, Stewart et al. 2001, Wang et al. 2001, Scott 2002, Willson and 
Dorcas 2003, Riley et al. 2005).  
 
The Linkage Design must also allow natural processes of disturbance and recruitment to 
operate with minimal constraints from adjacent urban areas.  The Linkage should be 
wide enough that temporary habitat impacts due to fires, floods, and other natural 
processes do not affect the entire linkage simultaneously.  Wider linkages may be more 
robust to changes in disturbance frequencies that are caused by human actions. Before 
human occupation, naturally occurring fires (due to lightning strikes) were rare in 
southern California (Radtke 1983).  As human populations in the region soared, fire 
frequency has also increased dramatically (Keeley and Fotheringham 2000).  Although 
fire can reduce the occurrence of exotic species in native grasslands (Teresa and Pace 
1998), it can have the opposite effect in some shrubland habitats (Giessow and Zedler 
1996), encouraging the invasion of non-native plants, especially when fires are too 
frequent.  While effects of altered fire regimes in this region are somewhat unpredictable, 
wider linkages with broader natural communities should be more robust to these 
disturbances than narrow linkages.  
 
The Linkage Design must also allow species to respond to climate change.  Plant and 
animal distributions are predicted to shift (generally northwards or upwards in elevation 
in California) due to global warming (Field et al. 1999).  The linkage must therefore 
accommodate elevational shifts by being broad enough to cover an ecologically 
meaningful range of elevations as well as a diversity of microhabitats that allow species 
to colonize new areas.  
 
Description of the Linkage Design 
 
For most species, U.S. Route 101 and State Routes (SR) 23, 118, and 126 are the most 
obvious barriers between core reserves in the Santa Monica and Sierra Madre 
mountains, while Interstate 5 (I-5) and SR-14 impede movement between the Santa 
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Susana and San Gabriel Mountains.  The Linkage Design has several major swaths or 
branches of habitat to accommodate the diverse species and ecosystem functions it is 
intended to serve (Figure 46).  
 
Liberty Canyon (Figure 47) was delineated by the landscape permeability analysis for 
mule deer, but also provides connectivity and suitable habitat for mountain lion, badger, 
brush rabbit, desert woodrat, loggerhead shrike, California thrasher, western toad, 
California kingsnake, western whiptail, and harvester ant.  This branch of the linkage is 
dominated by coastal sage, oak woodland, and grassland habitats, with riparian forests 
along drainages.  Liberty Canyon has been a major focus of conservation efforts to 
maintain connectivity between the Santa Monica Mountains and the Simi Hills, and much 
research has been done to document the importance of this connection to wildlife 
movement (Soulé 1989, Kohn et al. 1999, Edelman 1991, Sauvajot et al. 2000, Allen 
2001, Riley et al. 2003, Ng et al. 2004, Riley et al. 2006a).  The National Park Service is 
engaged in ongoing carnivore research in this region and continues to monitor wildlife 
movement, particularly that of mountain lions, including 4 juveniles that have been 
collared with GPS tracking devices.  Biologists at the National Park Service are currently 
working with Caltrans to assess options for possible enhancement of a wildlife crossing 
at Liberty Canyon along the 101 Freeway.  Liberty Canyon was also featured in a 
documentary in 2003 by National Geographic News Today, entitled Struggling to Link 
Land for Cougars in California.   

 

Figure 47.  Looking southwest at Liberty Canyon, with the existing bridge the 101 
Freeway visible on the left side of the photo.  Most natural habitats in this photo are 
already protected from habitat conversion.   
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East of Liberty Canyon, Las Virgenes Creek flows from the Simi Hills under the 101 
Freeway (Figure 48).  Although restricted by development for a stretch south of the 
freeway, this is the best riparian connection between the Simi Hills and the Santa 
Monica Mountains.  Las Virgenes Creek has a well-developed riparian forest with 
cottonwood, sycamores, and various willows in the canopy with a dense understory of 
mulefat, blackberry, and other herbaceous species.  The majority of upper Las Virgenes 
Creek, north of the freeway is included as part of the Santa Monica Mountains National 
Recreation Area and is protected from habitat conversion, though a section of the creek 
has been channelized for flood control purposes.  South of the freeway, the creek flows 
through some commercial and residential development in the city of Calabasas for a few 
kilometers (1.2 mi).  The creek banks have been stabilized through this area for flood 
control purposes but the creek bottom remains natural.  Although somewhat degraded 
through this stretch, the creek is still dominated by native plant species in large part 
because the Resource Conservation District (RCD) of the Santa Monica Mountains 
helped coordinate a riparian restoration project here a few years ago.  Malibu Creek 
State Park begins just south of this area, protecting the rest of the creek from habitat 
conversion.  The Las Virgenes Creek connection is especially critical for species that are 
dependent on riparian habitats for breeding and movement, such as southern steelhead 
trout, western toad, and damselflies, but other species that use riparian corridors as 
travel routes (e.g., desert woodrat, brush rabbit, bobcat) will also benefit from 
maintaining and restoring connectivity here.   
 

 
 

Figure 48.  Las Virgenes Creek flowing south from the Simi Hills, under the 101 
Freeway, through a stretch of development, and then flowing wild to its confluence 
with Malibu Creek. 
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Crummer Canyon (Figure 49) is in the eastern branch of the linkage, extending from the 
Santa Monica Mountains to the Simi Hills.  This branch of the linkage was delineated by 
the landscape permeability analyses for mountain lion, badger and mule deer, and 
suitable habitat also occurs for brush rabbit, acorn woodpecker, loggerhead shrike, 
western toad, western whiptail, chalcedon checkerspot butterfly, valley oak, and 
California black walnut.   There is a well-developed riparian forest in Crummer Canyon, 
surrounded by oak savanna, coastal sage, and grassland habitats in the uplands.  
Crummer Canyon flows off of Laskey Mesa in the Simi Hills.  The mesa is part of 
Ahmanson Ranch, a recent conservation investment by the state that protects 1,138 ha 
(2,811 ac); it is managed by the Santa Monica Mountains Conservancy and is now 
called the Upper Las Virgenes Open Space Preserve.  Immediately south of the 
freeway, contiguous dedicated open space occurs all the way to Malibu Creek State 
Park.   
 

 
The next branch of the Linkage Design encompasses Conejo Mountain and Mount Clef 
Ridge (Figure 50).  This branch extends from Pt. Mugu State Park in the western Santa 
Monica Mountains, following Conejo Creek across the 101 freeway, then through 
Wildwood Park and over Mount Clef Ridge, and across SR-23 to the Tierra Rejada 
Valley.  This branch of the Linkage Design is dominated by coastal sage scrub, which is 
designated by the State as a sensitive natural community, providing the most contiguous 
connection for species associated with this rare plant community.  This branch of the 
linkage was added primarily to serve the needs of the cactus wren, which as its name 
implies, is highly dependent on stands of cactus for breeding and foraging habitat.  
There are large stands of prickly pear cactus (Opuntia spp) on both sides of the 101 
Freeway in this area.  In addition to the cactus wren, this branch of the linkage is 
expected to serve almost all other focal species identified by regional ecologists, 

Figure 49.  Looking south down Crummer Canyon from Laskey Mesa in the Simi Hills, 
across the 101 Freeway to the Santa Monica Mountains. 
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including mountain lion, badger, mule deer, brush rabbit, desert woodrat, California 
thrasher, loggerhead shrike, western toad, California kingsnake, chalcedon checkerspot 
butterfly, scorpion, and California black walnut.  A number of stepping stones of 
protected land have already been secured in this area as part of the Rim of the Valley 
Corridor and Conejo Open Space Conservation Agency parklands, including Wildwood 
Park, and a number of other parcels of dedicated open space.  There are also current 
efforts within the city of Thousand Oaks to protect habitat on Mount Clef Ridge.  The 
minimum width of 2 km was imposed here to ensure that the functional processes of the 
linkage are protected.  Agricultural lands in the Las Posas Hills and Tierra Rejada Valley 
border the northern boundary of this branch of the linkage, and some agricultural lands 
were included in the Linkage Design to maintain the minimum corridor width in this area.    
 

 
 
The Alamos Canyon area of the Linkage Design is in the western branch of the linkage, 
and extends from Happy Camp Canyon Park near Big Mountain and Oak Ridge in the 
Santa Susana Mountains to protected lands south of SR-118 in the western Simi Hills 
near the Tierra Rejada Valley.  From here, there is a contiguous connection of protected 
habitat all the way to Malibu Creek State Park in the Santa Monica Mountains.  This 
branch of the linkage was delineated by the landscape permeability analysis for mule 
deer.  It follows Alamos Canyon, which flows out of the Santa Susana Mountains 
through large areas of riparian forests dominated by coast live oak, sycamore, 
cottonwood, and willows before emptying into the broad bajada of the Arroyo Simi 
(Figure 51).  From the Arroyo Simi, an animal traveling southbound would encounter the 
grassland and coastal sage habitats of the Tierra Rejada Valley and to the west of the 
Wood Ranch Reservoir to reach the Simi Hills (Figure 51).  This branch of the Linkage 
Design includes both riparian and upland habitats that serve the movement needs of 

Figure 50.  Looking east towards Thousand Oaks, with Conejo Mountain at the right 
of the photo, the 101 Freeway visible toward the center, and Wildwood Park and 
Mount Clef Ridge to the left. 
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diverse species including mountain lion, badger, mule deer, brush rabbit, desert 
woodrat, loggerhead shrike, acorn woodpecker, western toad, western whiptail, 
harvester ant, valley oak, black walnut and Bigberry manzanita.  LSA Associates, Inc. 
(2004) was recently contracted by Caltrans to monitor wildlife movement along SR-118 
to identify opportunities to enhance habitat connectivity in support of an approved 
transportation project along this route.  In their study, several species, including bobcat, 
mule deer, and mountain lion were documented moving through this area (LSA 2004).  
Some habitats immediately south of SR-118 in Alamos Canyon have been protected as 
open space, but additional habitat must be secured to ensure the viability of this 
connection.  The Nature Conservancy and the Santa Monica Mountains Conservancy 
have been working with local agencies, including the cities of Simi Valley and Moorpark, 
and landowners in the area to maintain the Alamos Canyon connection.    
 

 
 
The Rocky Peak area of the Linkage Design (Figure 52) is in the eastern branch of the 
linkage and was delineated by the least cost corridor analyses for mountain lion, badger, 
and mule deer, but it also provides live-in and or move-through habitat for virtually every 
other focal species modeled, with the exception of steelhead trout.  The landscape in 
this area of the linkage is quite remarkable, with striking rocky outcrops surrounded by 
coastal sage and chaparral, with oak woodlands and riparian forests along canyon 
bottoms.  Much research has been conducted to document wildlife movement in this 
area, including two of our focal species, mountain lion and mule deer that have been 
confirmed using various passageways across or under SR-118 (Edelman 1991, Ng 

Figure 51.  Looking north toward the Santa Susana Mountains, with Wood Ranch 
Reservoir in the foreground, agriculture and open space in the Tierra Rejada Valley, 
and Happy Camp, Faulkner, and Alamos Canyons flowing from the Santa Susanas. 

SR-23 

SR-118 
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2000, LSA 2004, Riley et al. 2006).  A proposed and already approved project for the 
Rocky Peak Interchange is what prompted the wildlife movement studies undertaken by 
Caltrans (LSA 2004).  Alternatives are being considered, including moving the 
interchange to outside of the Linkage Design and maintaining and enhancing existing 
structures within the linkage to maintain existing conservation investments.  
Conservation planning efforts in this area of the Linkage Design have been very 
successful.  Several existing protected areas occur here, including Rocky Peak Park 
north of SR-118, which is overseen by the Santa Monica Mountains Conservancy, Santa 
Susana State Historic Park administered by California State Parks, and Corriganville 
Park managed by the Simi Valley Open Space District.   
 

 
 
Three separate branches were identified between the Santa Susana Mountains and the 
Sierra Madre Ranges of Los Padres National Forest (Figure 53).  The western branch 
extends from the Santa Susana Mountains near Alamos Canyon and encompasses 
habitats between Sheils and Wiley Canyon down to the Santa Clara River, and then 
takes in habitat from Pole Creek to Tom’s Canyon north of SR-126.  As described 
previously, this branch of the linkage was delineated by landscape permeability analysis 
for mule deer but several focal species that utilize coastal sage and oak woodland 
habitat will benefit from maintaining connectivity here.  The central branch was 
delineated by the analysis for badger, a grassland specialist.  It stretches from the 
extensive grasslands on Oak Ridge in the Santa Susana Mountains down several 
canyons lined with dense oak woodlands, to coastal sage and agriculture bordering the 
Santa Clara River, to grassland and riparian habitats in Piru Creek.   The eastern branch 

Figure 52.  Looking southwest from Rocky Peak Park in the Santa Susana Mountains 
north of SR-118, toward Corriganville Park and the Santa Susana State Historic Park  
south of the freeway. 
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of the linkage was delineated by the landscape permeability analysis for mountain lion, 
as well the two other modeled species.  This branch of the linkage extends from Hoiser 
Canyon in the Sierra Madre Ranges, crosses the Santa Clara River, and encompasses 
habitat in Tapo, Salt, and Potrero Canyons in the Santa Susana Mountains.  All three 
branches of the linkage include agricultural lands that line the Santa Clara River in this 
area.  The eastern branch has the least amount of agriculture and is dominated by 
coastal sage scrub and grassland habitats with oak woodlands and riparian foresters 
interspersed.   

 
Three riparian connections were added to the Linkage Design, primarily to 
accommodate steelhead trout movement and promote the recovery of this species 
(Figure 54).  Of course, other focal species that require riparian and aquatic habitats for 
breeding or foraging, or use riparian corridors as travel routes will also benefit from 
protecting and restoring these riparian corridors and adjacent upland habitats, as will 
several other species not addressed by our analyses, including listed and sensitive 
species such as arroyo toad, two-striped garter snake, and western pond turtle.  The 
Santa Clara River addition extends from the estuary at the ocean all the way through the 
Linkage Design to its eastern boundary, serving primarily as a migration corridor for 
steelhead trout to reach their spawning and rearing grounds in Piru, Sespe, and Santa 

Figure 53.  Looking south from the Sierra Madre Ranges to the Santa Susana 
Mountains and on to the Simi Hills.  On the left is the eastern branch that extends
from Hoiser to Tapo Canyons.  The central branch extends from Piru Creek to Smith 
Canyon.  Both the eastern and central branches converge at Rocky Peak.  The 
western branch extends from Hopper Mountain to the Alamos Canyon area. 
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Paula Creeks.  Most of Piru Creek was included in the central branch of the linkage, but 
we added lower Piru to its confluence with the Santa Clara River, and all of Sespe and 
Santa Paula Creeks from the River to protected habitats in the Sierra Madre Ranges of 
Los Padres National Forest.  These additions include a 2-km (1.2-mi) riparian buffer (1 
km to either side of the stream or river; see Figure 46) to support species habitat 
requirements and protect water quality within the linkage and downstream.  These 
riparian connections provide live-in and move-through habitat for several species and 
help maintain natural hydrological and fluvial processes important to sustaining habitat 
quality. 
 
 

 
 
Given the marked gradient between the Santa Monica Mountains at the coast and the 
higher elevations in the Sierra Madre Ranges, the Linkage Design encompasses a 
diversity of natural communities, including 14 different major vegetation types (Table 3).  
Although natural vegetation comprises most of the Linkage Design, urban development 
covers roughly 2% of its area, mostly around the choke-point in the Tierra Rejada Valley 
where natural habitats are constricted by development in Thousand Oaks and Simi Hills, 
and between Liberty and Crummer Canyons in Calabasas.  Agriculture covers 5% of the 
linkage, primarily along the Santa Clara River and near the Los Posas Hills and the 
Tierra Rejada Valley.  Habitats in the linkage intergrade between those found in the two 
targeted core areas, with coastal scrub, chaparral, oak woodland, and grassland 
representing the primary habitat types.  Coastal sage scrub is by far the most common 
vegetation community, covering 47% of land in the Linkage Design.  As the name of this 

Figure 54.  Looking south from the Sierra Madre Mountains toward the Santa Susana 
Mountains.  The Santa Clara River is at the center of the photo, with the confluence 
of Sespe Creek and the River visible at the lower left, and the confluence of Santa 
Paula and the River on the right.   
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rare plant community implies, it occupies coastal facing slopes throughout the linkage 
planning area.   
 
A diversity of wetland habitats occur throughout the linkage and core areas, including 
riparian forests, woodlands, and scrubs, alluvial fans, washes, springs, and seeps.  
Santa Paula, Sespe, Piru, Pole, Tom’s, and Hoiser creeks all emanate from the Sierra 
Madre Ranges and empty into the Santa Clara River.  Sheils, Calumat, Frey, Wiley, 
Smith, Tapo, Salt, and Potrero creeks flow from the Santa Susana Mountains into the 
Santa Clara River.  Other significant riparian habitat in the Linkage Design occurs along 
Alamos Canyon and Hummingbird Creek which originate in the Santa Susana 
Mountains and empty into the Arroyo Simi, and along Liberty, Las Virgenes, and 
Crummer canyons which begin in the Simi Hills and flow toward the Santa Monica 
Mountains.  In this xeric region, riparian habitats support a disproportionately large 
number of both aquatic and terrestrial species and are key to movement through the 
Linkage Design for numerous focal species.  
 
Table 3.  Approximate Vegetation and Land Cover in the Linkage Design 
 

  

Total Area      
Linkage Design 

Area Protected in 
Linkage Design 

Land Cover Types Acres Hectares Acres Hectares 

% 
Protected 

% of 
Total 
Area 

Agriculture 5693 2304 740 299 13% 5%
Annual Grassland 17954 7266 5579 2258 31% 14%
Barren 3898 1578 805 326 21% 3%
Chamise-Redshank 
Chaparral 1637 663 691 280 42% 1%
Coastal Oak Woodland 12325 4988 4662 1887 38% 10%
Coastal Scrub 58763 23781 20492 8293 35% 47%
Desert Wash 296 120 0 0 0% 0.002%
Mixed Chaparral 15614 6319 7581 3068 49% 12%

Montane Hardwood 7 3 0 0 0% 
0.00006

%
Montane Hardwood-Conifer 206 83 174 71 84% 0.2%
Montane Riparian 3818 1545 910 368 24% 3%
Saline Emergent Wetland 17 7 17 7 100% 0.01%
Urban 2863 1159 191 77 7% 2%
Valley Foothill Riparian 1250 506 509 206 41% 1%
Valley Oak Woodland 1007 407 727 294 72% 1%
Water 263 107 171 69 65% 0.2%
TOTAL 125613 50834 43249 17502 34% 100%

 
 
All branches of the Linkage Design include substantial public ownerships that protect 
natural habitats from development.  However, other uses may still threaten the integrity 
of these habitats, and should be carefully managed on these lands.  For example, use of 
off-road vehicles, mining, and livestock grazing can impact these habitats, especially 
riparian habitats and fluvial processes.  The final Linkage Design encompasses 50,834 
ha (125,613 ac), of which approximately 34% (17,502 ha or 43,249 ac) currently enjoys 



 
South Coast Missing Linkages Project 
Santa Monica-Sierra Madre Connection 
 

75

some level of conservation protection, mostly in land overseen by the Santa Monica 
Mountains Conservancy, National Park Service, California State Parks, The Nature 
Conservancy, Mountain Recreation and Conservation Authority, Conejo Open Space 
Conservation Agency, Eastern Ventura County Conservation Authority, and the Rancho 
Simi Recreation and Park District.  
 
Removing and Mitigating Barriers to Movement 
 
Five types of features impede species movements through the Linkage:  roads, 
railroads, and impediments to stream flow, urban and agricultural development, and 
recreational activities.  This section describes these impediments and suggests where 
and how their effects may be minimized to improve linkage function.  
 
This discussion focuses on methods to facilitate movement of terrestrial species across 
roads, and on structures to facilitate stream flow under roads.  Although some 
documents refer to such structures as “corridors” or even “linkages,” we use these terms 
in their original sense to describe the entire area required to link the landscape and 
facilitate movement between large protected core areas.  Crossing structures represent 
only small portions, or choke points, within an overall habitat linkage or movement 
corridor.  Investing in specific crossing structures may be meaningless if other essential 
components of the linkage are left unprotected.  Thus it is essential to keep the larger 
landscape context in mind when discussing existing or proposed structures to cross 
movement barriers.  This broader context also allows awareness of a wider variety of 
restoration options for maintaining functional linkages.  Despite the necessary emphasis 
on crossing structures in this section, we urge the reader to keep sight of the primary 
goal of conserving landscape linkages to promote movement between core areas over 
broad spatial and temporal scales. 
 
Roads as Barriers to Upland Movement:  Wildland fragmentation by roads is 
increasingly recognized as one of the greatest threats to biodiversity (Noss 1983, Harris 
1984, Wilcox and Murphy 1985, Wilcove et al. 1986, Noss 1987, Reijnen et al. 1997, 
Trombulak and Frissell 2000, Forman and Deblinger 2000, Jones et al. 2000, Forman et 
al. 2003).  Roads kill animals in vehicle collisions, create discontinuities in natural 
vegetation (the road itself and induced urbanization), alter animal behavior (due to noise, 
artificial light, human activity), promote invasion of exotic species, and pollute the 
environment (Lyon 1983, Noss and Cooperrider 1994, Forman and Alexander 1998).  
Roads also fragment populations by acting as semi-permeable to impermeable barriers 
for non-flying animals (e.g., insects, fish, amphibians, reptiles, and mammals) and even 
some flying species (e.g., butterflies and low-flying birds).  The resulting demographic 
and genetic isolation increases extinction risks for populations (Gilpin and Soulé 1986).  
For example Ernest et al. (2003) has documented little flow of mountain lion genes 
between the Santa Ana and Palomar ranges (where I-15 is the most obvious barrier), 
and between the Sierra Madre and Sierra Nevada (where I-5, and urbanization along 
SR-58, are the most obvious barriers).  Within this planning area, Riley et al. (2006a) 
have documented genetic isolation of bobcats and coyotes in subpopulations separated 
by the 101 Freeway.  Fragmentation also results in smaller populations, which are more 
susceptible to extinction due to demographic and environmental stochasticity. 

The impact of a road on animal movement varies with species, context (vegetation and 
topography near the road), road type, and level of traffic (Clevenger et al. 2001).  For 
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example, a road on a stream terrace can cause significant population declines in 
amphibians that move between uplands and breeding ponds (Stephenson and 
Calcarone 1999), but a similar road on a ridgeline may have negligible impact.  Most 
documented impacts on animal movement concern paved roads.  Dirt roads may 
actually facilitate movement of some species, such as mountain lions (Dickson et al. 
2004), while adversely impacting other species, such as snakes that sun on them and 
may be crushed even by infrequent traffic.  

 
Roads in the Linkage Design:  At the time of this report, there are 339.93 km (211.22 
mi) of paved roads in the Linkage Design (Table 4).  There are several major 
transportation routes (i.e., I-5, US Route 101, and SR-14, 23, 118, and 126) that pose 
substantial barriers to movement (Figure 55).  A survey of these roads found a variety of 
existing structures (i.e., bridges, pipes, and culverts) that might be useful for 
implementing road mitigation projects (Figure 55).  
 
Table 4.  Major transportation routes in the Linkage Design.   
Road Name Length (km) Length (mi) 
U.S. Route 101 5.62 3.49
Interstate 5  3.44 2.14
State Route 126 12.07 7.50
State Route 23 6.58 4.09
State Route 118 7.37 4.58
State Route 14 2.35 1.46
All Other Paved Roads 302.51 187.97
Total Length of Paved Roads   339.93 211.22

 
 
Types of Mitigation for Roads:  Forman et al. (2003) suggest several ways to minimize 
the impact of roads on linkages by creating wildlife crossing structures and reducing 
traffic noise and light, especially at entrances to crossing structures.  Wildlife crossing 
structures have been successful both in the United States and in other countries, and 
include underpasses, culverts, bridges, and vegetated land bridges.  Most structures 
were initially built to accommodate 
streamflow, but research and 
monitoring have also confirmed 
the value of these structures in 
facilitating wildlife movement.  The 
main types of structures, from 
most to least effective, are 
vegetated land-bridges, bridges, 
underpasses, and culverts.  
 
There are approximately 50 
vegetated wildlife overpasses 
(Figure 56) in Europe, Canada, 
and the U.S. (Evink 2002, Forman 
et al. 2003).  They range from 50 
m (164 ft) to more than 200 m (656 
ft) in width (Forman et al. 2003).  

Figure 56.  An example of a vegetated land bridge 
built to enhance movement of wildlife populations.  

Photo by David Poulton
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Soil depths on overpasses range from 0.5 to 2 m, allowing growth of herbaceous, shrub, 
and tree cover (Jackson and Griffin 2000).  Wildlife overpasses can maintain ambient 
conditions of rainfall, temperature, light, vegetation, and cover, and are quieter than 
underpasses (Jackson and Griffin 2000).  In Banff National Park, Canada, some large 
mammal species preferred overpasses to other crossing structures (Forman et al. 2003) 
although in some cases, underpasses were used equally or preferred (Clevenger and 
Waltho 2006).  Similarly, woodland birds used overpasses significantly more than they 
did open areas without an overpass.  Other research indicates overpasses may 
encourage birds and butterflies to cross roads (Forman et al. 2003).  Overpass value 
can be increased for small, ground-dwelling animals by supplementing vegetative cover 
with branches, logs, and other cover (Forman et al. 2003). 
 
Bridges over waterways are also 
effective crossing structures, 
especially if wide enough to permit 
growth of both riparian and upland 
vegetation along both stream 
banks (Jackson and Griffin 2000, 
Evink 2002, Forman et al. 2003).  
Bridges with greater openness 
ratios are generally more 
successful than low bridges and 
culverts (Veenbaas and Brandjes 
1999, Jackson and Griffin 2000).  
The best bridges, termed viaducts 
(Figure 57), are elevated roadways 
that span entire wetlands, valleys, 
or gorges, but are cost-effective 
only where topographic relief is 
sufficient to accommodate the 
structure (Evink 2002).   
 
Although inferior to bridges, 
culverts can be effective crossing 
structures for some species 
(Jackson and Griffin 2000).  Only 
very large culverts are effective for 
carnivores and other large 
mammals (Figure 58).  Gloyne and 
Clevenger (2001) suggest that 
underpasses for ungulates should 
be at least 4.3 m (14 ft) high and 8 
m (26 ft) wide, with an openness 
ratio of 0.9 (where the openness 
ratio = height x width/length).  Earthen flooring is preferable to concrete or metal (Evink 
2002).   
 
For rodents, pipe culverts (Figure 59), about 1 ft in diameter without standing water are 
superior to large, hard-bottomed culverts, apparently because the overhead cover 
makes them feel secure against predators (Clevenger et al. 2001, Forman et al. 2003).  

Fred Bank, FHWA 

Fred Bank, FHWA 

Figure 58.  Culvert on German highway, with rail 
for amphibians and fence for larger animals.

Figure 57.  A viaduct in Slovenia built to 
accommodate wildlife, hydrology, and human 
connectivity.

www.international.fhwa.dot.gov 
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In places where a bridged undercrossing or vegetated overcrossing is not feasible, 
placing pipe culverts alongside box culverts can help serve movement needs of both 
small and large animals.  Special crossing structures that allow light and water to enter 
have been designed to accommodate amphibians (Figure 60).  Retaining walls should 
be installed, where necessary, along paved roads to deter small mammals, amphibians, 
and reptiles from accessing roadways (Jackson and Griffin 2000).  Concrete retaining 
walls are relatively maintenance free, and better than wire mesh, which must be buried 
and regularly maintained. 
 

Noise, artificial night lighting, and other human activity can deter animal use of a 
crossing structure (Yanes et al. 1995, Pfister et al. 1997, Clevenger and Waltho 1999, 
Forman et al. 2003, Clevenger and Waltho 2006), and noise can deter animal passage 
(Forman et al. 2003).  Shrub or tree cover should occur near the entrance to the 
structure (Evink 2002).  Existing structures can be substantially improved with little 
investment by installing wildlife fencing, earthen berms, and vegetation to direct animals 
to passageways (Forman et al. 2003).  Regardless of crossing type, wildlife fencing is 
necessary to funnel animals towards road crossing structures and keep them off the 
road surface (Falk et al. 1978, Ludwig and Bremicker 1983, Feldhammer et al. 1986, 
Forman et al. 2003).  Earthen one-way ramps can allow animals that wander into the 
right of way to escape over the fence (Bekker et al. 1995, Rosell Papes and Velasco 
Rivas 1999, Forman et al. 2003).  
 
Recommendations to Mitigate the Effects of Road Barriers in the Linkage Design:  
Following standard practice (Clevenger and Wierzchowski 2005) where a road bisects a 
major wildland, we recommend crossing structures at intervals of 1.5 to 2 km (0.9 to 1.3 
miles), or at least one major structure (either bridged undercrossings or wildlife 
overpasses) per branch of the Linkage Design.  The precise timing and location for 
constructing new or improved crossing structures may not be critical, and can consider 
cost, feasibility, and other factors.  For cost efficiency, crossing improvements need not 
be made immediately, but can be incorporated into future road upgrade projects, such 
as lane additions or ramp remodeling in the vicinity of the Linkage Design.  Vegetated 
overpasses or open bridges, supplemented by culverts for smaller species, should be 
sited along natural travel routes and spaced less than 2 km (1.3 mi) apart on average, 
with a maximum spacing between adjacent structures not to exceed 2.8 km (1.8 mi).  
Excellent examples of roads retrofitted with large crossing structures at similar intervals 

Figure 59.  Pipe culvert designed to 
accommodate small mammals. 

Figure 60.  Amphibian tunnels allow light 
and moisture into the structure. 

Infra Eco Network Europe Infra Eco Network Europe 
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include SR-260 between Payson and Forest Lakes, Arizona; the Trans-Canada Highway 
in Banff National Park, Canada; I-75 through the Everglades in Florida; and I-4 near 
Daytona Beach, Florida.  It is also important that the entire road be fenced to funnel 
animals toward crossing structures.  The Ventura County Planning Division recently 
completed a report entitled, Roads and Biodiversity Project:  Guidelines for Safe Wildlife 
Passage (2005) that provides excellent suggestions for improving connectivity across 
transportation barriers. 
 
Recommended Crossing Structures on U.S. Route 101:  Although a number of 
freeways pass through the Linkage Design, the 101 Freeway is likely the most 
substantial impediment to movement.  A few crossing structures that may be adequate 
to accommodate some wildlife movement currently exist, while others need to be 
improved or built.   
 
Liberty Canyon:  The most 
permeable route of the least cost 
corridor for mule deer crossed the 
101 Freeway here and suitable 
habitat exists in this area for the 
majority of the selected focal 
species.  Liberty Canyon is one of 
the few remaining areas along the 
101 Freeway where habitat is still 
contiguous on both sides of the 
freeway.  There is an existing 
bridge (Figure 61), measuring 4.9 
m (16.1 ft) high, 46.7 m (153.2 ft) 
wide, and 44.3 m (145.3 ft) long.  
Deer utilize this structure regularly 
to cross between ranges, as do 
coyotes, and raccoons (Ng et al. 
2004).  Although none of the mountain lions radio-collared by the National Park Service 
in the Santa Monica Mountains have yet crossed the freeway to reach the Simi Hills, one 
lion moved to within 500 meters of this structure (Riley et al. 2006b).  The National Park 
Service, California State Parks, Santa Monica Mountains Conservancy, and other local 
open space agencies have been working to preserve and restore the connection 
between Liberty Canyon and other protected areas.  The National Park Service is also 
working with Caltrans to assess options for improving habitat connectivity at Liberty 
Canyon.  We recommend providing a wildlife-specific crossing structure at this location 
to prevent co-location of vehicle traffic and animal movement options (the current 
situation).  This could be accomplished with a wildlife underpass or overpass, and could 
take advantage of existing topography and infrastructure already in place (e.g. existing 
drainage culvert, see below).  Habitat restoration in the immediate vicinity of a wildlife 
crossing structure is also recommended, as well as fencing to direct animals away from 
the freeway and towards the crossing structure.  
 
Immediately west of the bridge is a drainage culvert (Figure 62) for the intermittent creek 
that flows through Liberty Canyon.  The structure is roughly 1 m in diameter and about 
190 m long.  Ng et al. (2004) recorded raccoon, opossum, spotted skunk, and striped 
skunk using this passage to cross the freeway.  Various willows, mule fat, and poison 

Figure 61.  Looking toward the Simi Hills through 
the Liberty Canyon underpass. 
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oak occur along the drainage with coastal sage scrub, and oak woodland and savannas 
in the surrounding uplands.  The Santa Monica Mountains Conservancy has already 
initiated habitat restoration efforts 
along the creek.  There is currently 
a fence obstructing the path from 
the riparian zone to the structure.  
We recommend removing this 
fence and upgrading this structure 
to a larger, more wildlife-friendly 
crossing with natural flooring, 
possibly as part of a future 
transportation improvement project 
or linked to the crossing structure 
recommended above. 
 
Las Virgenes Creek:  Las 
Virgenes Creek offers the best 
connection for riparian dependent 
species traveling between the Simi 
Hills and the Santa Monica 
Mountains.  The creek flows from 
the Simi Hills under the 101 
Freeway through a multi-
chambered concrete tunnel 
(Figure 63), measuring 98.9 m 
(324.5 ft) long, 4.8 m (15.8) wide, 
and 4.0 m (13.1 ft) high.  The 
structure runs diagonally under the 
freeway, limiting visibility to the 
other side.  Immediately south of 
the freeway, the creek is directed 
through a concrete channel for a 
distance of roughly 76 m (250 ft).  
This is flood control for the office 
complex and shopping center that 
abut the creek in this area.  After 
flowing through a bridge under 
Agoura Road (Figure 64), the 
creek bottom is again natural, 
though degraded and constricted 
for about 1 km (0.6 mi) before 
reaching Malibu Creek State Park 
and eventually emptying into 
Malibu Creek bound for the ocean.  
For much of its length, the creek is 
dominated by a well-developed 
riparian forest, with mature 
cottonwood, sycamore, and 
willows in the canopy and a dense 
understory of herbaceous plant 

Figure 63.  Las Virgenes Creek flowing through 
a concrete tunnel under the 101 freeway. 

Figure 64.  A channelized portion of Las 
Virgenes Creek flowing under a bridge for 
Agoura Road.

Figure 62.  Drainage culvert at Liberty Canyon.  
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species.  Ng et al. (2004) documented movement of bobcat and raccoon through this 
structure.  We recommend upgrading the concrete tunnel under the freeway to a large 
bridged underpass that provides visibility to the other side and natural flooring during the 
next transportation improvement project in this area.  We also suggest precluding any 
further development in the uplands along the creek, removing the concrete from the 
creek bottom between the freeway and Agoura Road, and continuing and expanding 
riparian restoration to improve habitat conditions in degraded sections of Las Virgenes 
Creek (See Impediments to Streams Section).  The RCD of the Santa Monica Mountains 
implemented a stream restoration project in this area previously and this work has 
resulted in significant improvements immediately between Lost Hills Road and existing 
residential developments. 
 
Crummer Canyon:  The least cost 
corridors for mule deer, badger and 
mountain lion all traversed the 101 
Freeway at Crummer Canyon, 
though no useable infrastructure to 
accommodate wildlife movement 
currently exists.  The trash guard at 
the entrance of an existing culvert 
precluded a full evaluation of this 
structure (Figure 65); the trash 
guard itself prevents use by most 
medium-sized and large wildlife 
species.  At its entrance, the 
concrete structure appears to be a 
box culvert, which measures 1.8 m 
(6 ft) in height and width, but about 
0.9 m (3 ft) in it becomes a circular 
pipe approximately 1.5 m (5 ft) in diameter that immediately heads to the west, so there 
is no visibility to the other side.  The creek runs below both Mureau Road and the 101 
Freeway and likely passes through an elaborate pipe system to reach contiguous 
protected lands immediately south of the freeway that stretch all the way to Malibu Creek 
State Park. With the tremendous investments in conserving land on both sides of the 
freeway here, including the Ahmanson Ranch acquisition, we strongly recommend 
installing a wildlife-friendly undercrossing here that is tall enough and sufficiently wide to 
provide a view to the other side, with earthen substrate flooring.  Installing ecological 
infrastructure here would benefit a number of other focal species, in addition to those 
mentioned above, including brush rabbit, California kingsnake, western whiptail, and 
western toad.   
 
Conejo Grade:  In the western branch of the linkage, there is a concrete box culvert 
(Figure 66) that measures 2.2 m (7.2 ft) wide, 2.6 m (8.5 ft) high, and 45 m (148 ft) long.  
The structure was built in 1936, likely to facilitate movement of cattle. This structure 
ultimately links Point Mugu State Park and Conejo Mountain in the western Santa 
Monica Mountains to Wildwood Park and other protected open space on Mount Clef 
Ridge.  Ng et al. (2004) recorded raccoon and opossum using this structure but all 
species that utilize coastal sage scrub will benefit from maintaining connectivity here.  
Fencing in the immediate vicinity of the structure may preclude current use by other 
wildlife species (Ng 2000, Ng et al. 2004).  We suggest enlarging this structure to 

Figure 65.  Concrete culvert with trash guard 
draining Crummer Canyon.  
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provide better visibility to the other side and removing fencing that may impede wildlife 
use.  Directional fencing should also be used to help animals find and utilize the 
structure.  In addition or as an 
alternative, another wildlife-friendly 
crossing structure is 
recommended along the 101 
Freeway at the Conejo Grade.  
The existing topography could be 
utilized to install an excellent 
crossing structure that would 
connect very high quality habitat 
on either side of the freeway in an 
area known to be utilized by target 
species.  Indeed, a dispersing 
male mountain lion was recently 
recorded in the area, immediately 
adjacent to the 101 Freeway, but 
he did not actually cross the road 
(Riley et al. 2006b).  
Recommended dimensions for undercrossing(s) along the Conejo Grade are at least 4.3 
m (14 ft) high and 8 m (26.ft) wide to encourage use by mule deer (Gloyne and 
Clevenger 2001) and other species, and the flooring should be a natural substrate. 
 
Recommended Crossing Structures on State Route 23:  Caltrans is working in 
cooperation with the National Park Service to monitor wildlife movement at several 
culverts under SR-23 as part of an effort to improve habitat connectivity along this 
stretch of highway.  Proposed improvements will include clearing tunnels and culverts 
and installing wildlife-proof fencing 
with escape gates to direct animals 
off of the road and through 
underpasses.  Implementation is 
slated to occur in the next several 
months as mitigation for a lane 
addition along SR-23.  The pipe 
culvert to the right (Figure 67) is 
located north of the Tierra Rejada 
Valley; it measures 2.6 m (8.5 ft) 
high, 2.2 m (7.2 ft) wide, and 133.4 
m (437.7 ft) long.  Ng et al. (2004) 
recorded bobcat, coyote, raccoon, 
and opossum utilizing this structure 
to travel between habitats on either 
side of SR-23. Rural residential and 
agricultural lands are interspersed 
with dedicated parks and open 
space in this part of the linkage but 
opportunities remain to protect 
habitat and enhance wildlife 
movement between Los Angeles Avenue and Olsen Road.  We strongly encourage 

© Sandy Sauvajot  

Figure 66. Large concrete box culvert at Conejo 
Grade.  

© Sandy Sauvajot  

Figure 67.  Pipe culvert north of Tierra Rejada, 
typical of most crossing structures on SR-23. 
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protection of remaining natural habitats and applying conservation measures to maintain 
the rural character of the Tierra Rejada Valley.   
 
Recommended Crossing Structures on State Route 118:  As part of a transportation 
improvement project on SR-118, Caltrans contracted with LSA Associates Inc. (2004) to 
monitor wildlife movement at several existing structures between the cities of Moorpark 
and Chatsworth to identify recommendations to improve habitat connectivity as 
mitigation for the transportation project.  These and other recommendations are now 
being discussed as part of an informal working group of land management and other 
agencies (the Ventura County State Route 118 Wildlife Corridor Multi-Agency Working 
Group).  Below we describe conditions and suggestions for improving wildlife movement 
along SR-118 consistent with the Linkage Design. 
 
Alamos Canyon West: This 
potential passageway is located 
along an unnamed drainage that 
empties into the Arroyo Simi. The 
structure consists of double pipe 
culverts, each measuring 3.1 m 
(10 ft) in diameter and 
approximately 243.8 m (800 ft) in 
length (Figure 68).  There is no 
visibility to the other side because 
the culvert drops at about a 45 
degree angle at the northern 
entrance. In addition to no visibility 
due to the slope of the culvert, 
vegetative debris collects on the 
southern side of SR-118 following 
storm events.  In preparation of 
post-fire storms, Caltrans cleared 
the culvert  and  removed riparian  vegetation  approximately 61 m (200  ft) downstream 
 (Amy  Pettler, Caltrans,  pers.  comm. in LSA 2004).  Upland vegetation north  and 
 south  of  the  culvert  is  dominated by California buckwheat (Eriogonum fasciculatum), 
sagebrush (Artemisia californica), and chaparral yucca (Yucca  whipplei), 
while Freemont  cottonwood  (Populus  fremontii  ssp.  fremontii), various willows  (Salix 
sp.), and rushes (Juncus sp.) occur along the drainage.   LSA (2004) recommended that 
either the twin culverts be replaced with an open bridged structure or the pitch at the 
northern entrance of the culvert be regraded to allow visibility to the other side.  We 
concur with these recommendations.  We also suggest maintaining riparian vegetation 
to facilitate movement of species associated with riparian and aquatic habitats, such as 
damselflies, desert woodrat, and western toad.  LSA documented a variety of mammals 
in the general vicinity north and south of this crossing, but did not document movement 
of these target species through the passageway. 
 

Figure 68.  Double pipe culverts at Alamos 
Canyon West convey flow to the Arroyo Simi.  
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Alamos Canyon:  The least cost corridor for mule deer crosses SR-118 using Alamos 
Canyon.  This excellent bridged underpass provides a clear view to the other side and 
measures roughly 4.9 m (16 ft) high, 41.8 m (137 ft) wide, and 48.9 m (160 ft) long 
(Figure 69).  There is an asphalt road on one side of the structure that is not in use.  The 
openness of this structure and the gap between the north and southbound lanes allows 
natural light and moisture to enter the passageway supporting well-developed coastal 
sage vegetation on natural substrate to one side of the structure.  Dominant vegetation 
 in the vicinity of the structure consists  of  California  buckwheat, sagebrush, chaparral 
coyote brush  (Baccharis pilularis), and yucca, while oak (Quercus spp.),  mule  fat 
 (Baccharis  salicifolia), elderberry  (Sambucus  spp.),  and  laurel sumac  (Malosma 
 laurina) occur along the drainages.   

Figure 69.  Looking north toward the Santa Susana Mountains through the first-rate 
bridged crossing at Alamos Canyon.  
 
In addition to being the most permeable route for mule deer, Alamos Canyon provides 
suitable habitat for a number of focal species, including mountain lion, badger, brush 
rabbit, loggerhead shrike, California thrasher, chalcedon checkerspot butterfly, and 
scorpion.  A variety of  wildlife have been documented using this well-designed 
structure, including mountain lion (Psomas 2002), bobcat (Psomas 2002, LSA 2004), 
coyote (Ng 2000, LSA 2004), ) mule deer, striped skunk, raccoon (Ng 2000), small 
 mammals  and  birds (LSA 2004).   
 
LSA (2004) recommended removing the paved road surface and replacing it with 
decomposed granite.  If this road is used for maintenance activities then we agree with 
this suggestion.  If the road is not needed for vehicular access, complete removal of the 
pavement and restoration of natural vegetation is recommended.  LSA also 
recommended installing gates to reduce human traffic (e.g., illegal dumping, homeless 
camps) in the area (2004).  This recommendation has been implemented successfully 
as gates have been installed and these activities weren’t noted during recent fieldwork.  
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It is critical that this structure be maintained and that lands near it are protected for use 
by wildlife.  We advise acquisition of open space or conservation easements of 
contiguous natural habitats between Happy Camp Canyon Park and protected areas in 
the Simi Hills and Tierra Rejada Valley to enhance the ecological integrity of this linkage.  
 
Alamos Canyon East:  This potential passageway 
consists of a 1.83 m (6 ft) diameter pipe culvert, 
extending  approximately 183 m (600 ft)  under SR-
118 (Figure 70).  This structure is located roughly 
150 m (492 ft) east of the bridged structure 
described above.  LSA (2004) documented use of 
this structure by bobcat, skunk, opossum, and 
raccoon, and recorded a variety of medium and 
large-sized mammals in the vicinity of this structure, 
both north and south of SR-118.  Natural habitats 
occur on either side of the freeway, though no 
vegetation occurs in the structure itself. We suggest 
increasing vegetative cover near the entryways of 
the passage to provide cover for wildlife.  LSA (2004) 
recommended enlarging this culvert to at least a 2.4 
m by 2.4 m (8 ft  by  8 ft) concrete  box culvert or 
arch with natural substrate flooring by “tunnel 
jacking” (NRCC 2002) during the next transportation 
improvement project in this area.  If this 
recommendation is implemented, we also suggest installing smaller pipe culverts along 
side the enlarged structure to encourage movement of small mammals, amphibians and 
reptiles. 
 
Hummingbird Creek:  Hummingbird Creek is dominated by Fremont cottonwood 
(Populus fremontii), various willows, and mule fat, with oak savanna and chaparral in 
the uplands.  It flows under SR-118 through a concrete-lined channel that measures 3.8 
m (12.5 ft) in height, 3.9 m (12.8 ft) in width and 144.9 m (475.4 ft) in length (Figure 71).  
The functionality of this linkage is already compromised due to the dense residential and 
commercial development along Kuehner Drive on the south side of SR-118.  However, 
natural habitats are still 
contiguous on either side of the 
structure.  Although constrained, 
this is one of the few riparian 
connections along this stretch of 
the freeway and it should be 
maintained and enhanced to 
facilitate movements of riparian 
dependent species.  In addition, 
bobcat, raccoon, and striped 
skunk have been documented 
using this structure (Ng 2002) 
and other target species have 
been recorded via scent stations 
and diagnostic sign (LSA 2004).   
 

© LSA Associates, Inc. 2003 

Figure 70.  Pipe culvert at 
Alamos Canyon east. 

Figure 71.  Looking south through the arched 
culvert at Hummingbird Creek.
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The westernmost boundary of Rocky Peak Park is along North Kuehner Drive and the 
Hummingbird Creek connector trail begins at the Kuehner Drive/SR-118 intersection. 
White Oak Park and Hummingbird Creek Trail areas are located north of and parallel to 
SR-118 and are contiguous with Corriganville and Rocky Peak Parks to the east.  We 
recommend maintaining and enhancing the remaining natural habitats in this area with 
appropriate measures to confine light and noise pollution to home sites.  We agree with 
LSA (2004) that the highway fence south of the freeway should be relocated to direct 
animals toward Corriganville Park to the east.  Riparian and upland habitats, particularly 
south of the freeway, should be restored and allowed to persist to provide habitat and 
cover for wildlife.  Recreational activity is high in this area, including hiking, mountain 
biking, and off-road vehicle use.  Recreation should be limited to the currently permitted 
passive activities, such as hiking and birding. 
 
Corriganville: The least cost 
corridors for mountain lion, 
badger, and mule deer all cross 
SR-118 at Corriganville Park.  At 
this location, there is a large 
concrete box culvert that 
measures 58.3 m (191.3 ft) in 
length, 4.6 m (15.1 ft) wide, and 
4.7 m (15.4 ft) high, linking 
Corriganville Park south of SR-
118 with Rocky Peak Park north 
of SR-118 (Figure 72).  Coastal 
sage scrub is the dominant plant 
community on both sides of the 
structure.  Several researchers 
have confirmed use of this 
passage by wildlife.  Mountain 
lion have been documented using the Corriganville Tunnel on several occasions 
(Edelman 1991, Ng 2000, LSA 2004, Riley et al. 2006b).  Ng also recorded mule deer, 
coyote, bobcat, raccoon, and striped skunk using this structure.  LSA (2004) captured a 
mountain lion on film that had been radio-collared as part of a National Park Service 
study.  This young male appears to have used this structure to cross SR-118 at least 18 
times over the course of the study (Riley et al. 2006b).  
 
In addition to providing habitat for wildlife, both Corriganville and Rocky Peak Parks are 
used recreationally by hikers, bicyclists, equestrians, and youth groups that also use this 
structure to go between the two parks.   To maintain  the  integrity of  this  passageway, 
we recommend that the  park facilities  remain  rustic (e.g., dirt parking lots) without night 
lighting or fencing that could deter or block wildlife movement; ideally, park use in the 
vicinity of the crossing structure would be limited to daytime use.  To restrict human 
activities near the crossing structure, especially from dusk to dawn, LSA (2004) 
proposed installing a locking security fence at the parking lot entrance to Corriganville 
Park and at Foothill Park to regulate access.   
 
Rocky Peak:   The least cost corridor for mule deer crossed SR-118 at Rocky   Peak 
Road, which is located approximately 0.80 km (0.5 mi) east of the Corriganville structure 
described above.  This roadway overpass connects Santa Susana State Historic Park 

© LSA Associates, Inc. 2003 

Figure 72.  Several target species have been 
documented using this box culvert to travel 
between habitats north and south of SR-118. 



 
South Coast Missing Linkages Project 
Santa Monica-Sierra Madre Connection 
 

87

south of SR-118, with Rocky Peak Park to the north.  The paved road crosses over SR-
118 as a bridge structure, measuring 18.3 m (60 ft) in width and approximately 39.6 m 
(130 ft) in length (Figure 73).  Dominant plant communities in the vicinity of the structure 
include coastal sage scrub and chamise chaparral.  LSA (2004) documented coyote, 
bobcat, raccoon, and skunk utilizing this structure, in addition to vehicles, equestrians, 
hikers, and cyclists.  Caltrans  biologists  documented  mule  deer at Rocky Peak  Road 
 over three field seasons (pers. comm. Amy Pettler, Caltrans, April 9, 2004 in LSA 
2004).   

Figure 73.  Looking south from Rocky Peak Park toward Santa Susana State Historic 
Park at the bridge for Rocky Peak Road over SR-118.   
 
A transportation improvement project for the Rocky Peak Road interchange is currently 
being evaluated.  Under existing conditions, Rocky Peak Road can only be accessed 
from SR-118 via the westbound off-ramp, while access to SR-118 from Rocky Peak 
Road is limited to the eastbound on-ramp from Santa Susana Pass Road.  The 
proposed project would include installation of an eastbound off-ramp and a westbound 
on-ramp.  The earthen fill for this improvement project is in place (Figure 73), but no 
other infrastructure has been built.  LSA (2004) proposed an alternative to completing 
this project that Caltrans is taking into consideration.  They suggested constructing on-
off ramps at Iverson Road or Movie Lane instead of at Rocky Peak Road to meet project 
goals of an additional interchange for emergency vehicles turn-around and to 
accommodate traffic projections.  This alternative would enhance the existing site for use 
by wildlife, particularly if it included closing the existing on-off ramps at Rocky Peak 
Road.  The existing bridge could be converted to a vegetated land bridge, with native 
shrubs and trees tall enough to block lighting and reduce noise from traffic.  As LSA 
suggested, if necessary, one lane could be converted to decomposed granite for 
emergency vehicle access (2004).   
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Santa Susana Arch:  This structure 
is located approximately 1.61 km (1 
mi) east of Rocky Peak Road, linking 
Santa Susana State Historic Park 
south of SR-118 with Joughin 
Dedicated Open Space and Rocky 
Peak Park north of the freeway.  The 
passageway is a concrete arch 
shaped culvert with a flat bottom, 
measuring 1.5 m (5 ft) high, 1.8 m (6 
ft) wide, and approximately 152.4 m 
(500 ft) long (Figure 74).  LSA (2004) 
captured this family of raccoons on 
film on several occasions during 
their study, as they frequently 
utilized this structure to cross under 
the freeway.  Several rodents were 
also recorded but were not identified 
to species.  Residential development 
occurs on the eastern bluff above 
the canyon north of SR-118, while 
the canyon itself and habitats to the 
west are protected as part of Rocky 
Peak Park and Joughin Open 
Space.  Coast live oak, poison oak (Toxicodendron diversilobum), sycamore (Platanus 
 racemosa), and cottonwood line the drainage with laurel  sumac and  other coastal 
 scrub  species in the uplands.   We concur with LSA (2004) that enhancing vegetative 
cover at the culvert entrances would encourage additional wildlife to use this passage. 
 
Recommended Crossing 
Structures on State Route 126:  
A great majority of the Santa Clara 
River Valley has been in 
agriculture since the late 1800’s 
but opportunities remain to restore 
functional connectivity here.  
Although most of SR-126 was built 
at grade, several existing 
structures facilitate various levels 
of animal movement across this 
transportation barrier.   
 

Santa Paula Creek:  Santa Paula 
Creek flows under SR-126 through 
a bridge structure (Figure 75), 
measuring roughly 53 m (173.9 ft) 
wide, 6 m (19.7 ft) high, and 11 m (36.1 ft) in length.  The lower stretch of the creek is 
channelized for flood control for a distance of approximately 1.5 km through the 
community of Santa Paula.  This creek is included in the Linkage Design to support the 

© LSA Associates, Inc. 2003 

Figure 74.  A family of raccoons utilizing the 
Santa Susana Arch passage under SR-118. 

Figure 75.  Looking south toward the Santa 
Susana Mountains under the bridge for Santa 
Paula Creek on SR-126.
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movement needs of southern steelhead trout, though several other focal species will 
benefit from restoring this connection.  In a recent survey of steelhead trout habitat in the 
Santa Clara River Watershed, upper Santa Paula Creek and its tributaries (Sisar and 
Bear creeks) received the highest habitat quality score, but other stream barriers must 
be addressed to access the 18.5 miles of historic steelhead habitat in this subwatershed 
(Stoecker and Kelley 2005).  We strongly support implementation of all 
recommendations identified in this report.  Please see the section on stream barriers for 
additional suggestions to improve habitat conditions in riparian zones. 
 

Sespe Creek:  A portion of Sespe Creek is designated as a Wild and Scenic River and 
much of the upper watershed is designated as Wilderness.  Multi-chambered concrete 
bridges span both Sespe Creek and the Sespe Creek Overflow (Figure 76) on SR-126, 
with each bridge measuring roughly 4.6 m (15 ft) high, 220 m (721.8 ft) wide, and 24 m 
(78.7 ft) long.  In lower Sespe Creek, bank stabilization borders the community of 
Fillmore and upland habitats have long been converted to agriculture but overall the 
creek remains wild. Sespe Creek is the most productive of all the steelhead trout 
streams  in  southern  California.   Stoecker  and  Kelley  (2005)  identified  123  miles  of  

Figure 76.  Looking down Sespe Creek toward its confluence with the Santa Clara River 
(left).  Looking south toward Santa Susana Mountains through overflow bridge (right).  
 
habitat historically accessible to steelhead trout in this subwatershed.  However, to reach 
this habitat, migration barriers on the mainstem of the Santa Clara River must be 
addressed.  Please see the Impediments to Streams section for recommendations to 
restore functional connectivity in riparian zones.  In addition to supporting steelhead 
trout, Sespe Creek provides habitat for many other special status species (e.g., red-
legged frog, arroyo toad, and western pond turtle) and provides for the movement needs 
of several riparian and terrestrial focal species.   
 
Hopper Mountain to Oak Ridge:  This branch of the linkage was delineated by the 
landscape permeability analysis for mule deer.  It is dominated by coastal sage scrub, 
with valley oak and coast live oak woodlands lining the canyons and grasslands 
interspersed.  These natural habitats are separated by agricultural crops that line the 
Santa Clara River.  From the foothills north of SR-126 to the Santa Clara River south of 
the freeway, there is a distance ranging from 0.45 to 2.2 km (0.3 to 1.4 mi) that is 
occupied by agriculture, and south of the river for another 0.25 to 0.6 km (0.16 to 0.35 
mi).  There are a number of small drainage culverts in this stretch of the highway, sited 
every 300 to 500 m (0.19-0.31 mi), with average dimensions of 0.76 m (2.5 ft) high and 
0.91 m (3 ft) wide, similar to the one depicted in Figure 77.  We recommend maintaining 
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these structures, acquisition or 
conservation easements of any 
large parcels, and restoration of 
natural habitats that have been 
converted to agriculture.   
 
Piru Creek:  The least cost 
corridors for badger, mountain lion, 
and mule deer crossed SR-126 
using Piru Creek and upland 
habitats to the east. Piru Creek 
flows under SR-126 through a 
multi-chamber concrete bridge 
(Figure 78), measuring roughly 4.6 
m high (15 ft), 126 m (413.4 ft) 
wide, and 11 m (36.1 ft) long.  
South of the freeway, the creek 
and the immediate uplands on the 
eastern bank are dominated by 
alluvial fan sage scrub with willow, 
mule fat, and other riparian plant 
species in wetter sites, while north 
of the freeway there is very little 
vegetative cover until above Piru 
Creek Road where there is a well-
developed riparian forest 
stretching to the Santa Felicia 
Dam (see Impediments to Streams 
section).  Piru Creek, although 
altered and degraded by dams and 
diversions, still provides habitat for 
several special status aquatic and 
semi-aquatic species, including 
steelhead trout, and should be a 
focus of riparian restoration efforts.  Piru Creek also provides habitat connectivity for 
mountain lion, badger, brush rabbit, desert woodrat, kingsnake, and western toad. 
 
East of Piru Creek, agriculture is the dominant land cover along SR-126 and the Santa 
Clara River in this branch of the linkage.  From the foothills north of SR-126 to the Santa 
Clara River south of the freeway, there is a distance ranging from 0.45 to 1.4 km (0.27 to 
0.83 mi) that is occupied by agriculture, and south of river for another 0.1 to 0.49 km 
(0.06 to 0.30 mi) before reaching natural habitats.  About 1 km (0.62 mi) east of Piru 
Creek, there is a 2-lane dirt road that passes beneath SR-126 via an arched culvert built 
for agricultural operations at Camulos Ranch (Figure 79).  Small drainage culverts also 
occur every 300 to 500 m (0.19-0.31 mi) under SR-126, comparable to the one 
portrayed in Figure 80, where bobcat and raccoon tracks were noted during field 
surveys.  This is the best connection for grassland specialists, such as badger, between 
the Santa Susana Mountains and the Sierra Madre Ranges.  We recommend 

Figure 78.  Looking up Piru Creek toward the 
Sierra Madre Ranges.   

Figure 77.  An example of a drainage culvert on 
State Route 126. 
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maintaining these structures, acquisition or conservation easements of any large parcels 
in this area, and habitat restoration of areas that have been converted to agriculture.    

 
Tapo Canyon:  The eastern branch of the linkage between Tapo and Potrero Canyons 
is dominated by fairly contiguous natural habitats, including coastal sage scrub, 
chaparral, grassland, oak woodlands and riparian forests, with just a patch of agriculture 
both above and below SR-126 for about a 0.67 km (0.41 mi) stretch along the highway.  
There is a one-lane dirt road that goes under the highway through an arched culvert for 
agricultural operations on Newhall Ranch (Figure 81), along with several small drainage 
culverts (Figure 82).  These structures should be maintained and enhanced during the 
next transportation improvement project.  We strongly recommend maintaining the wild 
character of this branch of the linkage, one of the last remaining areas where natural 
habitats are still contiguous between the Santa Susana Mountains and the Sierra Madre 
Ranges.  We suggest acquisition of open space or conservation easements, and habitat 
restoration where necessary to enhance the ecological integrity of the linkage. 
 

  

Figure 81.  2-lane arched culvert at 
Newhall Ranch. 

Figure 82.  Typical example of 
concrete drainage culverts. 

Figure 79.  2-lane arched culvert at 
Camulos Ranch. 

Figure 80.  Example of concrete 
drainage culverts. 
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Recommended Crossing 
Structures on Interstate 5:  The 
San Fernando Pass is dominated 
by oak woodlands, interspersed 
with coastal sage scrub and 
chaparral, providing contiguous 
habitat for the majority of focal 
species.  The 4-lane bridged 
underpass for The Old Road 
(Figure 83), likely facilitates some 
degree of animal movement due to 
the proximity of natural habitats on 
either side of the structure.  There 
is a trailer park to the right of the 
photo that impedes access to the 
underpass and connectivity is 
reduced in this area due to traffic 
speed and volumes.  The bridge 
measures roughly 20 m (66 ft) 
high, 23 m (75 ft) wide, and 11 m 
(36 ft) long.  The Weldon Road 
overpass (Figure 84), lies roughly 
1.5 km to the north, with 
dimensions measuring 13 m (43 ft) 
wide and 67 m (220 ft) long.  This 
structure appears only to serve a 
fairly active paintball facility.  The 
connectivity value of this structure 
could be improved by converting 
this structure to a vegetated land 
bridge, with native shrubs and 
trees tall enough to block lighting 
and reduce noise from the traffic 
below.  One lane could be 
reserved for access to the paintball 
facility.  Open space acquisition or 
protection of conservation 
easements in this area would also 
enhance its ecological linkage 
value.   
 
Recommended Crossing Structures on State Route 14:  There is a 2-lane bridged 
underpass for the Sierra Highway (Figure 85) that measures roughly 10 m (33 ft) high, 
38 m (125 ft) wide, and 9 m (30 ft) long.  Sierra Highway is a quiet road at this point, 
especially at night, and we expect this structure accommodates some level of wildlife 
movement.  Open space acquisition or protection of conservation easements, and 
measures to confine light and noise to developed areas in this area would enhance its 
ecological linkage value.   
 

Figure 83.  Interstate 5 bridged underpass for 
The Old Road. 

Figure 84.  The bridged overpass for Weldon 
Road over Interstate 5. 
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There is also an excellent bridged 
underpass for Los Pinetos Canyon 
that connects contiguous natural 
habitats on either side of the 
freeway (Figures 86, 87).  This 
structure measure approximately 7 
m (23 ft) high, 42 m (138 ft) wide, 
and 24 m (79 ft) long.  The 
property in the area of Los Pinetos 
Canyon is owned by the City of 
Santa Clarita.  To the east of SR-
14, there is a partially paved 
abandoned road up the canyon, 
slightly visible in Figure 86, though 
it doesn’t pass beneath the bridge.  
To the west of the freeway and just 
south of the structure there is an 
abandoned industrial park, though 
an animal traveling through the 
structure would encounter dense 
oak woodlands and coastal sage 
habitats, not the industrial park.  
Open space acquisition or 
protection of conservation 
easements in this area would 
significantly enhance its ecological 
linkage value.  We suggest habitat 
restoration of vegetation leading 
up to the structure and placement 
of some boulders, logs, and other 
cover through the structure to 
provide safe passage for smaller 
species.  
 
Other Recommendations 
Regarding Paved Roads within 
the Linkage Design:   
 
Transportation agencies have the 
opportunity to use road 
improvement projects as 
opportunities to replace culverts 
with bridges (expansive enough to 
allow vegetation to grow) and use 
earthen substrate flooring.  In 
locations where a bridge is not 
feasible and only a culvert can be 
provided, connectivity for small 
species (e.g. small mammals, 

Figure 85.  The SR-14 bridged underpass for 
Sierra Highway. 

Figure 86.  Looking toward the San Gabriel 
Mountains at the Los Pinetos Bridge on SR-14. 

Figure 87.  Looking west to the San Fernando 
Pass at the Los Pinetos Bridge on SR-14. 
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amphibians, and reptiles) may be enhanced by installing smaller culverts (designed to 
remain free of water) parallel to the main culvert.  

 
 The ecological value of crossing structures can be improved by encouraging the 

growth or restoring woody vegetation leading up to both sides of crossing 
structures to provide cover for wildlife and to direct their movement toward the 
crossing structure.  Work with the USFS, CNPS, local RCDs, or other agencies 
and organizations for guidance on how to restore riparian communities and 
vegetative cover at passageways.  

 
 Installation of appropriate wildlife fencing along major roads and freeways is 

critical to guide animals to crossing structures and keep them off road surfaces.  
Install escape structures, such as earthen ramps or one-way gates, to allow 
animals to escape if they get trapped within roadway rights-of-way.  

 
 Smaller retaining walls or fine mesh fencing can be used to guide amphibians 

and reptiles to crossing structures. 
 

 On freeways and other paved roads, minimizing artificial night lighting, and 
directing the light onto the roadway and away from adjacent wildlands can help 
increase wildlife use of crossing structures.  

 
 Where wildlife is expected, reduce traffic speeds and install signage to alert 

drivers to watch for wildlife. 
 
Roads as Ephemeral Barriers:  Structures designed for wildlife movement are 
increasingly common.  In southern California, 26 wildlife crossing structures were 
installed along 22-miles of SR-58 in the Mojave Desert specifically for desert tortoise 
movement (Evink 2002).  In the South Coast Ecoregion, the Coal Canyon interchange 
on SR-91 is now being converted, through a partnership with Caltrans, California State 
Parks, and Hills for Everyone, from a vehicle interchange into a wildlife underpass to 
facilitate movement between the Chino Hills and the Santa Ana Mountains.  About eight 
wildlife underpass bridges and viaducts were installed along SR-241 in Orange County, 
although urbanization near this toll road has compromised their utility (Evink 2002).  
Elsewhere, several crossing structures, including three vegetated overpasses, have 
been built to accommodate movement across the Trans-Canada Highway in Banff 
National Park (Clevenger et al. 2001).  In south Florida, 24 underpasses specifically 
designed for wildlife were constructed along 64km (38 mi) of Interstate 75 in south 
Florida.  The structures are readily used by endangered Florida panthers and bears, and 
have reduced panther and bear roadkill to zero on that route (Lotz et al. 1996, Land et 
al. 2001).  Almost all of these structures were retrofitted to existing highways rather than 
part of the original road design.  This demonstrates that barrier or filter effects of existing 
roads are at least partially reversible with well-designed improvements.   

 
Representatives from Caltrans have attended each of the workshops of the South Coast 
Missing Linkages effort, and the agency is incorporating wildlife crossing improvements 
into its projects with a focus in important linkage areas.  For example, in February 2003 
Caltrans started removing pavement from the Coal Canyon interchange in Orange 
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County and transferred the property to California State Parks expressly to allow wildlife 
movement between Cleveland National Forest and Chino Hills State Park.   
 
Implementing these recommendations will take cooperation among land managers, 
planners, land conservancies and other non-profits, and transportation agencies.  We 
urge them to work together to develop a long-term coordinated plan to ensure that 
wildlife-crossing structures are aligned in a way that maximizes their utility to animals.  
We recognize that it is unrealistic to expect the crossing structures to be built at the 
same time.  However, an overall plan will ensure that, for instance, a planned crossing 
structure adjoins protected lands or land targeted for conservation.  

 
Rail Line Barriers to Movement  
 
Like highways, railroads can also impede plant and animal movement (Messenger 1968, 
Niemi 1969, Klein 1971, Stapleton and Kiviat 1979, Muehlenbach 1979, Lienenbecker 
and Raabe 1981, Forman 1995), though there are some differences.  Railroads tend to 
follow straighter lines than roads and scatter deleterious particles widely over the land 
bordering the rail line (Forman and Boerner 1981, Forman et al. 2003).  Mortality rates 
are likely a great deal lower per train than per vehicle on roads, though trains have been 
derailed from collisions with large mammals.  Grain spilled from trains can attract deer 
and bears to feed on the rail line; such events have caused significant mortality to grizzly 
bears in Montana (Federal Register Feb 11 2004. 69: 6683-6685; C. Servheen, 
University of Montana, personal communication).  Freight trains transporting cargo can 
also disperse non-native seeds, insects, and perhaps small mammals along railroad 
networks (Thomson 1940, Stapleton and Kiviat 1979, Forman et al. 2003). 
 
Existing Rail Lines in the Linkage Design Area:  Currently there are 2 railroads in the 
vicinity of the Linkage Design.  Railroad construction began in 1887 in the Santa Clara 
River Valley, with a line extending from Saugus to Santa Paula, Ventura, and Santa 
Barbara, and new agricultural towns of Piru, Fillmore and Sespe sprang up as rail 
construction progressed.  By the 1960's, much of the agricultural products were being 
transported by truck.  In 1979, floods washed out sections of the line between Piru and 
Saugus and in 1984 the line was abandoned east of Piru.  Newhall Land & Farming 
Company purchased the right of way between Rancho Camulos and Saugus and most 
of the tracks were removed.  The Ventura County Transportation Commission plans to 
eventually rebuild the railroad through to Santa Clarita for use by MetroLink (Sperry, 
undated material). 
 
In 1901, Southern Pacific built another line to the south of the original route, extending  
from Camarillo, through Moorpark and Simi Valley, then through the Santa Susana 
tunnel (7,369 ft) completed in 1904, to the San Fernando Valley (Sperry undated 
material).  The tracks run parallel to SR-118 and are utilized by Simi Union Pacific 
Railroad for freight service, and Amtrak and Metrolink for passenger service.  In the 
western branch of the linkage, at Alamos Canyon, the tracks run between the freeway 
and Los Angeles Avenue forming a band of parallel impediments to animal movement in 
this stretch of the linkage.  Currently, there is bridge for the railroad (Figure 88) that 
conveys the flow of the unnamed tributary that runs through the Alamos Canyon West 
double culverts.  There is also a concrete box culvert under Los Angeles Avenue that 
directs this flow to the Arroyo Simi.  In the eastern branch,  the  tracks  run  south  of  the  
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freeway at grade for approximately 0.5 km before entering the Santa Susana Pass 
railroad tunnel for the rest of the linkage.    
 

 
Figure 88.  Railroad bridge across unnamed drainage in Alamos Canyon.   

 
Recommendations to Mitigate the Effects of Rail Lines in the Linkage Design:  
Although the railroad is probably not a complete barrier, in concert with nearby SR-118 
and Los Angeles Avenue, the railroad contributes to reduced connectivity in this area.  
We recommend a policy of using any railroad realignment as an opportunity not simply 
to mitigate loss of wildland connectivity, but to improve it.  Ameliorating the adverse 
affects of railroads is similar to that for roads, providing viaducts, bridged underpasses, 
and tunnels (Reed and Schwarzmeier 1978, Borowske and Heitlinger 1981, Forman 
1995).  We suggest that crossing structures should be (a) aligned with crossing 
structures on SR-118 and SR-126, (b) integrated with sound walls to reduce noise, and 
(c) integrated with fences where beneficial to guide animals toward crossing structures.  

Implementing these recommendations will take cooperation among the rail line operators 
and transportation agencies. We urge them to work together to develop a long-term 
coordinated plan to ensure that wildlife-crossing structures are aligned in a way that 
maximizes their utility to animals.  A coordinated plan will ensure that, for instance, a 
planned crossing structure on SR-118 does not abut an impermeable section of the 
railroad for which no crossing structure is planned.  
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Impediments to Streams  
 
Organisms moving through rugged landscapes often use riparian areas as travel routes.  
For example, many butterflies and frogs preferentially move along stream corridors 
(Orsack 1977, Kay 1989, USGS 2002).  Although western pond turtles are capable of 
overland movements of up to 0.5 km (0.3 mi) (Holland 1991), they preferentially move 
along stream courses (Bury 1988).  Even large, mobile vertebrates, such as mountain 
lions, have shown preferences for moving along riparian corridors (Beier 1995, Dickson 
et al. 2004). 
 
For plants and animals associated with streams or riparian areas, impediments are 
presented by water diversions and extractions, road crossings, exotic species, water 
recharge basins, farming in streambeds, gravel mining, and concrete structures that 
stabilize stream banks and streambeds.  Increased runoff can also create permanent 
streams in areas that were formerly ephemeral; permanent waters can support 
aggressive invasive species, such as bullfrogs and exotic fish that prey on native aquatic 
species, and giant reed or arundo (Arundo donax) that supplants native plant 
communities (Fisher and Crooks 2001, Riley et al. 2003).    
 
Impediments to Streams in the Linkage Design:  The Linkage Design encompasses 
several connections for species associated with riparian systems.  The Santa Clara 
River is a prominent feature of the Linkage Design, providing connectivity between 
streams flowing from the Sierra Madre and Santa Susana Mountains.  Piru, Tom’s, 
Fairview, Sespe, and Santa Paula Creeks all originate from the Sierra Madre Ranges 
and empty into the Santa Clara River, while Sheils, Calumat, Frey, Wiley, Tapo, Salt, 
and Potrero Creeks all emanate from the Santa Susana Mountains and also flow into the 
Santa Clara River.  From the Santa Susana Mountains to the Simi Hills, Alamos Canyon 
empties into the Arroyo Simi, which also drains the north slope of the Simi Hills.  
Hummingbird Creek also flows from the Santa Susana Mountains under SR-118 but 
terminates in Corriganville Park.  Liberty, Las Virgenes, and Crummer Creeks all 
originate in the Simi Hills and flow into the Santa Monica Mountains, eventually emptying 
into Malibu Creek bound for the ocean.  In times of high surface flows, these tributaries 
may provide avenues along which aquatic and semi aquatic species journey between 
the Santa Monica Mountains, Simi Hills, Santa Susan Mountains and the Sierra Madre 
Ranges.  Today, riparian habitats are significantly reduced and or degraded in some 
places due to a combination of factors, including flood control, water diversions, ground 
and surface water extraction, water quality contamination, and exotic species invasions.  
 
Several dams and diversions occur in the linkage planning area.  The Vern Freeman 
Dam on the Santa Clara River near Saticoy was built in 1928 (Figure 89).  It is a 6 m (20 
ft) high concrete sill.  A fish ladder was built in 1991 but is not functioning properly and 
needs to be addressed (Stoecker and Kelley 2005).  On Santa Paula Creek, the lower 
reaches have been channelized for flood control by the Army Corps of Engineers (Figure 
90).  The Harvey Dam on Santa Paula Creek (Figure 91) occurs about 6.4 km (3.98 mi) 
upstream of the confluence with the Santa Clara River.  Built in 1923, the Harvey Dam is 
7 m (23 ft) high.  The dam failed (Figure 92) in the winter floods of 2005 (Stoecker and 
Kelley 2005).  The Santa Felicia Dam on Piru Creek was built in 1955; it is 64.92 m (213 
ft) high (Figure 93).  The Rindge Dam on Malibu Creek (Figure 94) was built in 1924, 
4.18 km (2.6 mi) upstream of the estuary.  A feasibility study is currently underway to 
remove Rindge Dam.  Several other streams barriers occur in the planning area, 
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including several Arizona crossings (low-water crossings) and ineffective road crossings.  
Comprehensive data have recently been collected on impediments to southern 
steelhead trout in the Santa Clara River Watershed (Stoecker and Kelley 2005) and in 
the Santa Monica Mountains (Caltrout 2006) to aid in recovery efforts of this critically 
endangered species.  For more detailed information on stream barriers and 
recommended actions to improve riparian connectivity please refer to these studies.  
Due to limited groundwater and surface water supplies, diversions and extractions are a 
concern for the long-term viability of riparian and aquatic habitats in the Linkage Design.   
 
In addition to loss of surface and groundwater, water quality is also a concern.  The 
Linkage Design encompasses portions of 4 different watersheds (Santa Clara River, 
Calleguas Creek, Malibu Creek, and Los Angeles River) and each has several drainages 
that are listed as impaired under Section 303(d) of the Clean Water Act 
(http://www.waterboards.ca.gov/losangeles/html/programs/regional_programs.html#Wat
ershed).  Water quality in the Santa Clara River Watershed is impaired due to 
agricultural practices that notably increase salts and nitrogen in streams.  Other 
impairments include ammonia, coliform, chloride, DDT, eutrophication, trash, DO, pH 
problems, and crude oil spills.  The Calleguas Creek Watershed is extremely impaired.  
DDT, PCBs, other pesticides, and some metals have been detected in both sediment 
and biota collected from this watershed.  Agricultural activities appear to be the main 
source of many of these pollutants, although the naval facility, residential and urban 
activities have also contributed.  The Mugu Lagoon and the Calleguas Creek Estuary are 
both considered toxic hot spots.  In the Malibu Creek Watershed, water quality is 
impaired by excess nutrients, coliform, trash, and metals.  Nonpoint source pollution 
from human activities is strongly implicated including ill-placed or malfunctioning septic 
systems, runoff from horse corrals, and urban runoff.  The portion of the Los Angeles 
River Watershed in the Linkage Design is in the undeveloped headwaters, while the 
middle and lower watershed are highly developed and impaired (LARWQCB 2004).  
These impaired riparian stretches are eligible for the development of intensive 
management plans called Total Maximum Daily Load (TMDL) plans.  TMDL plans are 
enacted by the Los Angeles Regional Water Quality Control Board to determine the 
cause of water quality deterioration and then an implementation plan is developed to 
return water quality to targeted values.   
 
Invasive species also need to be addressed in the Linkage Design.  Although most 
riparian areas in the Linkage Design are dominated by cottonwood, sycamore and 
various willows (Salix spp.), or coast live oak (Quercus agrifolia), aggressive invasive 
species have invaded several of these systems.  For instance, Arundo, an introduced 
plant species that escaped cultivation, has invaded stream courses in the arid 
southwest, out-competing native plant species and forming monocultures that provide 
little habitat value to wildlife.  Several exotic species have invaded or been introduced to 
streams and rivers in the linkage, including bullhead catfish, green sunfish, African 
clawed frog, bullfrog, crayfish, and others.  These predatory species can decimate native 
amphibian, reptile, and fish populations and eradication or control through ongoing 
management actions is crucial to the survival of many aquatic and semi aquatic species. 
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Examples of Mitigation for Stream Barriers:  Few restoration projects have focused 
on restoring the natural dynamics of riparian systems (Bell 1997), where annual floods 
are a major component of ecosystem function.  Many riparian plants are pioneer species 
that establish quickly following soil disturbance by floods (Ohmart 1994), as long as 

Figure 89.  Vern Freeman Dam on the 
mainstem of the Santa Clara River. 

Figure 90.  Channelization of lower 
Santa Paula Creek for flood control. 

Figure 91.  Harvey Dam on Santa Paula 
Creek before 2005 floods. 

Figure 92.  Harvey Dam on Santa Paula 
Creek failed during the 2005 floods. 

Figure 93.  Santa Felicia Dam on lower 
Piru Creek. 

Figure 94.  Rindge Dam on Malibu 
Creek, currently being evaluated for 
removal.

© Stoecker & Kelley 2005 © Stoecker & Kelley 2005 

© Stoecker & Kelley 2005 © Stoecker & Kelley 2005 
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threats like invasive species are controlled and physical processes restored (e.g., by 
removing dams and diversions or by mimicking natural flow regimes).  
 
Continuity between upland and riparian vegetation is also important to maintaining 
healthy riparian communities.  Many species commonly found in riparian areas depend 
on upland habitats during some portion of their lifecycle.  Examples include butterflies 
that use larval host plants in upland habitat and drink water as adults and toads that 
summer in upland burrows.  While the width of upland habitats needed beyond the 
stream’s edge is unknown for many species, information on the western pond turtle 
suggests that a 1-km (0.6-mi) upland buffer (i.e., 0.5 km to either side of the stream) 
(Holland 1994) is needed to sustain populations of this species.  
 
Measures to minimize development impacts on aquatic habitats often focus on 
establishing riparian buffer zones (Barton et al. 1985, Allan 1995, Wilson and Dorcas 
2003).  However, although these buffers are intended to prevent erosion and filter runoff 
of contaminants (U.S. Environmental Protection Agency), research suggests that current 
regulations are inadequate to protect populations of semiaquatic reptiles and amphibians 
(Wilson and Dorcas 2003).  Buffers must contain enough upland habitat to maintain 
water-quality and habitat characteristics essential to the survival of many aquatic and 
semiaquatic organisms (Brosofske et al.1997, Wilson and Dorcas 2003).  However, 
maintaining riparian buffers will not suffice for some species.  For example, to preserve 
salamander populations in headwater streams, land use must be considered at the 
watershed level (Wilson and Dorcas 2003).   

Recommendations to Mitigate the Effects of Streams Barriers in the Linkage 
Design:  Several projects are already underway in the Linkage Design and core habitat 
areas to restore riparian connections.  The goal of recovering steelhead trout 
populations has prompted discussions of removing obsolete dams, such as the Rindge 
Dam on Malibu Creek.  Surveys have been conducted of impediments to southern 
steelhead trout and recommended actions identified in the Santa Clara River Watershed 
(Stoecker and Kelley 2005) and in the Santa Monica Mountains (Caltrout 2006).  
National Park Service, RCD of the Santa Monica Mountains, City of Malibu, and Caltrans 
have been working to restore connectivity for steelhead in Solstice Creek, removing 
check dams, replacing Arizona crossings with bridges, and modifying the two lowest 
culverts to optimize fish passage.  Several other riparian restoration efforts have been 
carried out or are currently underway, including a highly successful project by the 
Mountains Restoration Trust to remove Arundo from Malibu Creek, and an Arundo 
removal project by the Ventura RCD in the Santa Clara River Watershed.  The RCD in 
the Santa Monica Mountains has been leading an all volunteer effort to eradicate 
crayfish, invasive exotic predators from reaches of Topanga Creek.  To enhance species 
use of riparian habitat and restore riparian connections through the Linkage Design area, 
we recommend:  

 Wherever possible restore the natural historic flow regime or create a regime that 
provides maximum benefit for native biodiversity.  Work with the NPS, USFS, 
NMFS, CDFG, BLM, departments of public works, water districts, watershed 
groups, and others to investigate the historic flow regimes and develop a surface 
and groundwater management program to restore and recover properly 
functioning aquatic and riparian conditions.  
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 Minimize the effects of road crossings in riparian zones.  Coordinate with 
Caltrans, NPS, USFS, BLM, and CDFG, to further evaluate existing stream 
crossings and upgrade culverts, Arizona crossings (low-water crossings), 
bridges, and roads that impede wildlife movement. Use several strategies, 
including information on preferred crossings, designing new culverts, retrofitting 
or replacing culverts, general recommendations, post construction evaluation, 
maintenance, and long-term assessment (Carey and Wagner 1996, NFMS 2000, 
Evink 2002).  

 
 Restore riparian vegetation in all drainages and upland vegetation within 1 km 

(0.6 mi) of streams and rivers.  This may encourage plant and animal movement 
and increase water quality.  Non-point sources of pollution should be identified 
and minimized.  

 
 Discourage the construction of concrete-banked streams and other 

channelization projects.  
 
 Remove exotic plants (e.g., Arundo) and animals (e.g., bullfrogs, African clawed 

frogs, crayfish) from washes, streams and rivers.  Work with the Biological 
Resources Division at USGS, USFS, NPS, BLM, CDFG, RCDs, and other 
relevant agencies and organizations to survey streams and drainages for 
invasive species and develop a comprehensive removal strategy.   

 
 Enforce existing regulations protecting streams and stream vegetation from 

illegal diversion, alteration, manure dumping, and vegetation removal.  Agencies 
and laws with applicable jurisdiction include CDFG (Streambed Alteration 
Agreements), Army Corps of Engineers (Clean Water Act), and the Native Plant 
Protection Act.  

 
 Prevent off-road vehicles from driving in riparian areas and washes and enforce 

closures, or, where necessary, re-route trails away from these sensitive areas.  
Review existing regulations relative to linkage goals and develop additional 
restrictions or recommend closures in sensitive areas. 

 
 Aggressively enforce regulations restricting farming, gravel mining, suction 

dredging, and building in streams and floodplains.  
 
 Increase and maintain high water quality standards.  Work with the RCDs to help 

establish use of Best Management Practices for agricultural and rural 
communities in the Linkage Design and surrounding communities.   

 
 Develop incentives and educational programs to encourage organic farming 

practices in the Santa Clara River Valley and the Tierra Rejada Valley to improve 
water quality.  

 
 Support efficient water use and education programs that promote water 

conservation. 
 

 Discourage development in flood prone areas. 
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 Support the protection of riparian and adjacent upland habitats on private lands. 
Pursue cooperative programs with landowners to improve conditions in riparian 
and upland habitats on private land in the Linkage Design.   

 
 Distribute the brochure on Best Management Practices for Horse Owners, 

produced by the Santa Monica Mountains RCD, to all equestrian communities in 
the Linkage Design to improve water quality. 

 
Other Land Uses that Impede Utility of the Linkage 
 
Land management policies in the protected areas and the linkage can have substantial 
impact on habitat and movements of species through the Linkage Design area.  It is 
essential that major land-management and planning entities (e.g., USFS, NPS, CSP, 
Los Angeles County, Ventura County, Cities, TNC, and SMMC) integrate the linkage 
plan into their policies and regulations.  
 
Urban Barriers to Movement 
 
Urban development, unlike roads or aqueducts, creates barriers that cannot be 
corrected by building crossing structures.  Urban and suburban areas make particularly 
inappropriate landscapes for movements of most plants and animals (Marzluff and 
Ewing 2001).  In addition to direct habitat removal, urban development creates edge 
effects that reach well beyond the development footprint.  Most terrestrial mammals that 
move at night will avoid areas with artificial night lighting (Rich and Longcore 2006).  Pet 
cats can significantly depress populations of small vertebrates near housing (Churcher 
and Lawton 1987, Crooks 1999, Hall et al. 2000).  Irrigation of landscapes surrounding 
homes encourages the spread of Argentine ant populations into natural areas, where 
they cause a halo of local extinctions of native ant populations extending 200 m (656 ft) 
into native vegetation (Suarez et al. 1998, Bolger et al. 2000).  Similar affects have been 
documented for amphibians (Demaynadier and Hunter 1998).  Habitat disturbance 
caused by intense human activity (e.g., off-road vehicle use, dumping, camping and 
gathering sites) also tends to rise in areas surrounding urban developments (Buechner 
and Sauvajot 1996).  Areas disturbed by human use show decreases in bird and small 
mammal populations (Sauvajot et al. 1998).  
 
Urban Barriers in the Linkage Design Area:  Urban developments comprise 2% of the 
Linkage Design area but several cities and communities occur just outside the boundary 
of the linkage, including Camarillo, Thousand Oaks, Westlake Village, Agoura Hills, 
Calabasas, and Hidden Hills along the 101 Freeway; Moorpark, Simi Valley, and 
Chatsworth along SR-118; mostly rural and large lot developments in the Tierra Rejada 
Valley along SR-23; Santa Paula and Fillmore along Highway 126; and Newhall and 
Sylmar bordering the I-5/SR-14 area.  Most of these areas are largely impermeable to 
wildlife movement due to high-density development, high traffic volume, large numbers 
of pets, and light and noise pollution (e.g., some rural developments in the Tierra Rejada 
Valley may be an exception).  The population in Ventura County is anticipated to grow 
by 31 percent by 2020 and Los Angeles is projected to increase by 25 percent (SCAG 
1998).  This projected growth should be appropriately distributed to accommodate 
wildlife movement through the Linkage Design if we hope to conserve biodiversity across 
the region. 
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There are several proposed developments in the vicinity of the linkage that are at 
various stages in the environmental review process.  For example, in the vicinity of 
Alamos Canyon, The Canyons 2,880-acre residential development is proposed north of 
SR-118 and a business/industrial complex is proposed south of SR-118 (Psomas 2001, 
2002, LSA 2004).   The Simi Valley Landfill is just east of Alamos Canyon and is 
expected to expand (LSA 2004).  The proposed development for Greenpark Village 
Runkle Canyon Specific Plan encompasses 1,600 acres with 1,150 acres of 
dedicated open space (Runkle Canyon Neighbors 2003, LSA 2004).  Overall, these and 
other development projects have the potential to significantly impact the ecological 
integrity of the linkage unless they are properly designed to maintain habitat values and 
ecosystem functions in the linkage.   
 
While topography, habitat, water supplies and other natural constraints limit 
opportunities for significant population growth in this region, the coastal area is a highly 
desirable place to live and there is no doubt that large-scale development projects will 
continue to be proposed.  Fortunately, both Los Angeles and Ventura Counties have 
policies in place that limit development in sensitive habitat areas.  The guiding principle 
of the Conservation and Open Space Element for the Santa Monica Mountains North 
Area Plan for managing the natural environment is “resource protection has priority over 
development”.  Critical to the maintenance of these resources are the habitat linkages 
present in the region (County of Los Angeles 2000).  Virtually all habitat within the 
linkage and targeted protected areas in Los Angeles County are proposed as Significant 
Ecological Areas (i.e., Santa Monica Mountains SEA, Santa Susana Mountains/Simi 
Hills SEA, and Santa Clara River SEA) in the general plan update (PCR 2000 a,b,c).  In 
Ventura County, the Save Open Space and Agricultural Resources (SOAR) ordinance 
restricts the conversion of open space and agricultural land to urban uses outside of the 
City Urban Restriction Boundary (CURB).  Any developments proposed outside of the 
CURB must be approved by voters, giving residents an opportunity to influence future 
landscape patterns. Since increased urbanization of currently undeveloped areas in the 
linkage could impact wildland connectivity, we recommend that any development that is 
proposed in the Linkage Design be limited and very carefully evaluated and/or planned 
to maintain landscape connectivity.  
 
Examples of Mitigation for Urban Barriers:  Urban developments, unlike roads, create 
movement barriers that cannot be readily removed, restored, or mitigated.  Mitigating 
impacts from potential urban developments in key areas through acquisition or 
conservation easements is therefore generally the most effective option.  Mitigation for 
existing urban developments focuses on designing and managing buffers to reduce 
penetration of undesirable effects into natural areas (Marzluff and Ewing 2001).  
Management in buffers can include fencing in pets, reducing human traffic in sensitive 
areas or constriction points, limiting noise and lighting, reducing traffic speeds, 
minimizing use of irrigation, encouraging the planting of locally native vegetation, 
minimizing the use of pesticides, poisons and other harmful chemicals, and increasing 
enforcement of existing regulations.  
 
Recommendations for Mitigating the Effects of Urban Barriers in the Linkage 
Design Area:  We suggest the following actions as possible ways to reduce impacts of 
urban, suburban, and rural developments in the Linkage Design area.  
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 Encourage open space acquisition or protection of conservation easements with 
willing land owners in the Linkage Design. 

  
 Encourage homes abutting the linkage area to have minimal outdoor lighting, 

directed toward the home and yard rather than into the linkage.  Homeowners 
should use fences to keep dogs and domestic livestock from roaming into the 
linkage area.  Residents should be encouraged to keep cats indoors at all times. 

 
 Develop a public education campaign, such as the On the Edge program 

developed by the Mountain Lion Foundation (www.mountainlion.org) and other 
organizations, which encourages residents at the urban wildland interface to 
become active stewards of the land by reducing penetration of undesirable 
effects into natural areas. Topics addressed may include: living with wildlife, 
predator-safe enclosures for livestock and pets, landscaping, water conservation, 
noise and light pollution.  

 
 Provide educational programs for landowners to increase their appreciation of 

natural communities, and to convey the importance of habitat protection and the 
need for connecting wild areas.  

 
 Distribute the brochure on Best Management Practices for Horse Owners, 

produced by the Santa Monica Mountains RCD, to all equestrian communities in 
the Linkage Design. 

 
 Work with Los Angeles and Ventura Counties and all cities to discourage major 

new residential or urban developments in key areas of the Linkage Design.  
Where development does occur:  

 
o Encourage clustering in any proposed development and other smart 

growth policies to maximize the amount of preserved open space and 
maintain contiguous blocks of habitat.  Include buffers or other measures 
adequate to maintain linkage function.   

 
o Encourage preservation of sensitive natural communities (Holland 1986, 

County of Los Angeles 2000, CDFG 2005), such as riparian forests and 
woodlands, oak woodland and savanna, walnut woodland, and grassland 
within proposed development sites. 

 
o Promote the use of drought tolerant native plants in landscaping in areas 

adjacent to the linkage and prohibit the use of invasive, non-native plants 
that can supplant native plants and reduce habitat integrity in the linkage. 

 
Recreation 
 
Recreational use is not inherently incompatible with wildlife movement, although, intense 
recreational activities have been shown to cause significant impacts to wildlife and plants 
(Knight and Cole 1995).  Areas with high levels of off-road vehicle use are more readily 
invaded by invasive plant species (Davidson and Fox 1974), accelerate erosion and 
reduce soil infiltration (Iverson 1980), and alter habitat use by vertebrates (Brattstrom 
and Bondello 1983, Nicolai and Lovich 2000).  Even such relatively low-impact activities 
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as wildlife viewing, hiking, and horse back riding have been shown to displace wildlife 
from nutritionally important feeding areas and prime nesting sites (Anderson 1995, 
Knight and Cole 1995).  The increased time and energy spent avoiding humans can 
decrease reproductive success and make species more susceptible to disease (Knight 
and Cole 1995).  In addition, humans, horses, and pets can carry seeds of invasive 
species into natural areas (Benninger 1989, Benninger-Traux et al. 1992). 
 
Recreation in the Linkage Design Area:  There are several areas currently designated 
for recreation purposes in the Linkage Design, including Palo Comado, Cheeseboro, and 
Las Virgenes Canyons, Upper Las Virgenes Open Space Preserve, Wildwood Park, 
Tierra  Rejada  Park, Mt.  McCoy Recreational Area, Rocky Peak Park, Corriganville 
Park, Santa Susana Historic State Park, Happy Camp Canyon Park, Towsley Canyon, 
and other dedicated parks and open space. The targeted core areas of the Santa 
Monica Mountains National Recreation Area and Los Padres National Forest provide a 
wide range of recreational opportunities, from nature-based dispersed recreational 
activities (e.g., hiking, bird watching) to high-density recreation in developed sites.  The 
majority of recreational use is concentrated in areas with road access and is associated 
with developed facilities.   
 
Examples of Mitigation for Recreation: If recreational activities are effectively 
planned, developed, managed, and monitored, most negative impacts can be avoided or 
minimized by limiting types of use, directing recreational activities away from particular 
locations, sometimes only for particular seasons, and with reasonable precautions.  
 
Recommendations to Mitigate the Effects of Recreation in the Linkage Design 
Area: We provide the following initial recommendations that may help prevent or 
mitigate negative effects of recreation in the Linkage Design area: 
 

 Monitor trail development and recreational use to provide a baseline and ongoing 
information for decisions regarding levels, types, and timing of recreational use. 

 
 Consider recommendations from LSA (2004) to reposition some campsites and 

install fencing at Oak Park Campground to better facilitate wildlife movement 
under SR-118 

  
 Work with regional monitoring programs, such as the California Resource 

Assessment Program, to collect information on special status species, species 
movements, and vegetation disturbance in areas of high recreational activity.  

 
 Enforce existing regulations on recreational use.  

 
 Work with the agencies and non-governmental organizations to develop and 

conduct on-the-ground, multi-lingual outreach programs to recreational users on 
how to lessen impacts in sensitive riparian areas.  

 
 Prohibit off-road vehicles within the Linkage Design and limit off-trail activities to 

those that are consistent with maintaining functional habitat connectivity.   
 
 Close, obliterate, and restore to natural habitat any unauthorized off-road vehicle 

routes and enforce closures. 
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 Enforce leash laws so that dogs are under restraint at all times.  

 
 Work with park agencies and open space districts to develop recreational use 

plans that are consistent with Linkage Design objectives. 
 
Land Protection & Stewardship Opportunities 
 
A variety of land planning and resource conservation efforts are currently underway in 
the Linkage Design area.  The South Coast Missing Linkages Project supports these 
efforts by providing information on linkages critical to achieving their conservation goals 
at a landscape scale.  This section provides brief summaries of selected planning efforts, 
agencies, and organizations that may represent opportunities for collaborative 
conservation of Linkage Design objectives within the Santa Monica-Sierra Madre 
Connection.  This list is not exhaustive, but provides a starting point for persons 
interested in becoming involved in preserving and restoring linkage function.  
 
Arundo Task Force: The Ventura County and Los Angeles County task forces 
coordinate Arundo removal and control efforts.  The Ventura RCD is spearheading the 
Santa Clara River Watershed Arundo Donax and Tamarisk Eradication Program funded 
through Proposition 13.  This long-term project will map infested areas, monitor removal 
efforts, and conduct outreach to help restore watershed integrity, improve facultative 
filtration, remove large trash components in stream runoff, and improve groundwater 
recharge.  For more information on the project go to: 
http://www.swrcb.ca.gov/rwqcb4/html/programs/nps/prop13_contract.html. 
 
Bureau of Reclamation: Reclamation's Southern California Area Office (SCAO) is 
responsible for water conservation, reclamation and reuse projects to enhance water 
management practices throughout southern California. Reclamation is undertaking a 
collaborative effort with local entities to develop an effective water quality monitoring 
plan in the Santa Clara River Watershed that will identify impaired water bodies 
(pursuant to section 303(d) of the Clean Water Act), support the development of water 
quality recovery plans (Total Maximum Daily Load plans), and estimate the assimilative 
capacity for nutrients in the Santa Clara River Watershed.  For more details, visit 
http://www.usbr.gov/lc/region/scao/sccwrrs2.htm. 
 
California Coastal Coalition (CalCoast): is a non-profit advocacy group comprised of 
35 coastal cities; five counties; AMBAG, BEACON, SANDAG and SCAG; along with 
business associations and allied groups committed to restoring California's coast 
through sand replenishment, increasing the flow of natural sediment, wetlands recovery 
and improved water quality. CalCoast was the co-sponsor, with the CA Shore and Beach 
Preservation Association, of the CA Public Beach Restoration Act (AB 64-Ducheny) 
which was signed into law in October of 1999.  Visit http://www.calcoast.org to learn 
more about CalCoast. 
 
California Department of Fish and Game:  CDFG manages California's diverse fish, 
wildlife, and plant resources, and the habitats upon which they depend, for their 
ecological values and for their use and enjoyment by the public.  Acquisition dollars for 
CDFG projects are authorized through the Wildlife Conservation Board as part of their 
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Concept Area Protection Plan (CAPP) process.  For more information on the 
Department, visit their website at http://www.dfg.ca.gov. 
 
California Department of Transportation:  Caltrans strives to achieve the best safety 
record in the nation, reduce traveler delays due to roadwork and incidents, deliver record 
levels of transportation system improvements, make transit a more practical travel 
option, and improve the efficiency of the transportation system.  Caltrans representatives 
have attended each of the South Coast Missing Linkages workshops and have shown 
leadership and a willingness to improve linkage function in the most important linkage 
areas.  In February 2003, Caltrans started removing pavement from the Coal Canyon 
interchange on SR 91 in Orange County and transferred the property to California State 
Parks expressly to allow wildlife movement between the Santa Ana Mountains of the 
Cleveland National Forest and Chino Hills State Park.  Caltrans is working to incorporate 
ecological infrastructure into a number of transportation improvement projects in the 
Linkage Design, including those planned for the 118, 101, and the 23 freeways.  To find 
out more about the innovative plans being developed by Caltrans, visit their website at 
http://www.dot.ca.gov. 

California Native Plant Society:  The California Native Plant Society (CNPS) is a 
statewide non-profit organization of amateurs and professionals with a common interest 
in California's native plants. The Society seeks to increase understanding of California's 
native flora and to preserve this rich resource for future generations. Their members 
have diverse interests including natural history, botany, ecology, conservation, 
photography, drawing, hiking, and gardening.   To learn more about native plants, go to 
www.lacnps.org . 

California State Parks:  California State Parks provides for the health, inspiration and 
education of the people of California by helping to preserve the state's extraordinary 
biological diversity, protecting its most valued natural and cultural resources, and 
creating opportunities for high-quality outdoor recreation.  The Department is actively 
engaged in the preservation of the State’s rich biological diversity through their 
acquisition and restoration programs.  Ensuring connections between State Park System 
wildlands and other protected areas is one of their highest priorities.  CSP is involved in 
the Coal Canyon habitat connection restoration project to preserve mountain lion 
movement under SR 91 at the north end of the Santa Ana Mountains.  CSP administers 
critical lands in the linkage planning area, including Point Mugu State Park, Malibu Creek 
State Park, and Topanga State Park in the Santa Monica Mountains, and the Santa 
Susana State Historic Park.  CSP co-sponsored the statewide Missing Linkages 
conference and is a key partner in the South Coast Missing Linkages effort.  For more 
information, visit their website at http://www.parks.ca.gov.  
 
California State Parks Foundation:  The Foundation is the only statewide organization 
dedicated to preserving, advocating and protecting the legacy of California's State Parks.  
The Foundation supports environmental education, wildlife and habitat preservation, 
volunteerism, and sound park policy.  Since its inception, the Foundation has provided 
over $110 million for projects and educational programs while building a statewide 
network of park supporters.  These initiatives have helped the parks acquire more land, 
create more trails, restore wildlife habitat, build visitor centers, construct interpretive 
displays, and support family camping for underserved youth.  CSPF is a partner in the 
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South Coast Missing Linkages.  For more on their exciting programs, visit 
www.calparks.org. 
 
California Wilderness Coalition:  The California Wilderness Coalition builds support for 
threatened wild places on a statewide level by coordinating efforts with community 
leaders, businesspeople, decision-makers, local organizations, policy-makers, and 
activists.  CWC was also a co-sponsor of the statewide Missing Linkages effort.  For 
more information, visit them at http://www.calwild.org. 

California Wild Heritage Campaign: The mission of the California Wild Heritage 
Campaign is to ensure the permanent protection of California's remaining wild public 
lands and rivers.  Congresswoman Hilda Solis has introduced the Southern California 
Wild Heritage Act.  The bill would significantly expand the National Wild and Scenic 
Rivers System and the National Wilderness Preservation System on federally managed 
public lands in Southern and Central California.  A total of 13 new Wild and Scenic 
Rivers are included in the bill, totaling more than 312 miles, and 47 new Wilderness 
Areas and Wilderness Additions totaling 1,686,393 acres.  The Campaign builds support 
for Wilderness and Wild and Scenic River protection by compiling a detailed citizen's 
inventory of California's remaining wild places; organizing local communities in support 
of those places; building a diverse, broad-based coalition; and educating the general 
public, government officials and the media about the importance of protecting 
California's wild heritage.  For more information on the status of the Act, visit 
http://www.californiawild.org. 

California Coastal Conservancy:  The California Coastal Conservancy, established in 
1976, is a state agency that uses entrepreneurial techniques to purchase, protect, 
restore, and enhance coastal resources, and to provide access to the shore. The 
Conservancy works in partnership with local governments, other public agencies, 
nonprofit organizations, and private landowners.  To date, the Conservancy has 
undertaken more than 950 projects along the 1,100 mile California coastline and around 
San Francisco Bay. The Conservancy protects and improves coastal wetlands, streams, 
and watersheds; purchases and holds environmentally valuable coastal and bay lands; 
protects agricultural lands and supports coastal agriculture; and accepts donations and 
dedications of land and easements for public access, wildlife habitat, agriculture, and 
open space.  Locally, the Conservancy has been very active in the Santa Clara River 
Watershed.  For more information, visit http://www.coastalconservancy.ca.gov 

California Trout, Inc. (CalTrout):  CalTrout’s mission is to protect and restore wild trout 
and steelhead and their waters throughout California.  Improving fishing opportunities 
was and remains important, but it is a secondary goal. CalTrout was the nation's first 
statewide conservation group supported by trout fishermen with an altruistic goal: to 
protect and restore trout and the beautiful places where they live.  CalTrout is very active 
in the restoration of southern steelhead trout runs in the planning area.  To learn more 
about their activities, go to http://www.caltrout.org. 
 
Cities of Simi Valley, Moorpark, Thousand Oaks, Calabasas, Agoura Hills, 
Fillmore, and Santa Paula:  These cities have jurisdiction in the vicinity of the linkage, 
and many are already engaged in protecting open space and maintaining wildlife 
movement corridors.  Land planning, land use, and open space policies in each city’s 
General Plan can substantially influence implementation of the Linkage Design.   
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Cold Creek Docents:  Since 1977, the Cold Creek Docents have been leading nature 
walks in the Cold Creek area of the Santa Monica Mountains.  The Cold Creek Docents 
are dedicated: to educating the public, particularly school children, about the nature and 
cultural history of the Cold Creek watershed and its relationship to the Santa Monica 
Mountains and to worldwide ecological principles; to conducting hands-on programs that 
include geology, Chumash studies, ethnobotany, and chaparral ecology on Cold Creek 
area trails and at the Katherine Spensley Nature Education Center at UCLA Stunt Ranch 
Reserve; and to promoting appreciation, conservation, and stewardship of the Cold 
Creek watershed.  For more information on their events or to become a docent, visit 
http://www.mountainstrust.org/docent.html.  

Conejo Open Space Conservation Agency (COSCA): As the name implies, COSCA 
has been entrusted with the responsibility of preserving, protecting and managing open 
space resources in the Conejo Valley. COSCA was created in 1977 by a joint powers 
agreement between the City of Thousand Oaks (www.toaks.org) and the Conejo 
Recreation and Park District (www.crpd.org), enabling the two agencies to "jointly 
exercise their legal powers to create a jurisdictional framework for the conservation of 
natural open space lands, assure coordination of local land use and resource 
management decisions and establish an entity to focus community resources toward 
achievement of adopted General Plan goals." In this context, "open space" is defined as 
land which is in essentially a natural, undeveloped state, and does not include golf 
courses, developed park sites or landscaped greenbelts. For more information, visit 
http://www.conejo-openspace.org.  

Conejo Open Space Foundation:  The Foundation was formed in 1995 to promote and 
maintain the open space and trail system of the Conejo Valley and to educate residents 
as to their roles as custodians and protectors of the open space and the environment.  
To learn more, go to http://www.cosf.org. 

County of Los Angeles: Los Angeles County is currently engaged in a 2025 General 
Plan update, which will likely include proposed revisions and expansions to existing 
Significant Ecological Areas (SEA). Three SEAs occur in the planning area: The Santa 
Monica Mountains SEA, which encompasses 99,431 acres and the Santa Susana 
Mountains/Simi Hills SEA, which covers 26,795 acres, and the Santa Clara River SEA 
(PCR 2000a,b,c); all three of these SEAs include several important wildlife movement 
areas.  The General Plan update also provides an opportunity to ensure zoning in the 
Linkage Design is conducive to conserving linkage function.  For more information on 
the General Plan update go to http://www.planning.co.la.ca.us. 

County of Ventura:  Ventura County uses growth management strategies, such as 
Save Open Space and Agricultural Resources (SOAR) to preserve farmland, open 
space and rural areas and limits growth to the City Urban Restriction Boundary (CURB) 
– SOAR requires countywide voter approval for any change to the County General Plan 
regarding agricultural, open space or rural land use designations.  The County has 
several departments focused on the conservation of natural resources.  Please visit 
http://www.countyofventura.org for more information. 

Eastern Ventura County Conservation Authority:  The Santa Monica Mountains 
Conservancy and the County of Ventura formed this joint powers authority (JPA) in 1990 
to facilitate the opening and operation of Happy Camp Canyon Regional Park. Happy 
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Camp is a 3,000-acre wilderness area in the Rim of the Valley Trail Corridor between 
Moorpark and Simi Valley in the Santa Susana Mountains. Under an agreement with 
EVCCA, the Mountain Recreation Conservation Authority provides ranger services and 
volunteer trail assistance for the park. For more information on this JPA, go to 
http://smmc.ca.gov/EVCCA.html. 

Environment Now:  Environment Now is an active leader in creating measurably 
effective environmental programs to protect and restore California's environment.  Since 
its inception, the organization has focused on the preservation of California’s coasts and 
forests, and reduction of air pollution and urban sprawl.  Environment Now uses an 
intelligent combination of enforcement of existing laws, and application of technology 
and process improvements to eliminate unsustainable practices.  To find out more about 
their programs, visit their website at http://www.environmentnow.org 

Farm Security & Rural Investment Act of 2002 (Farm Bill): This legislation responds 
to and provides funding for a broad range of emerging natural resource challenges faced 
by farmers and ranchers, including soil erosion, wetlands, wildlife habitat and farmland 
protection.  Several programs have been developed through the Farm Bill including the 
Corridor Conservation Program, Farmland Protection Program, Wetlands Reserve 
Program, and Wildlife Habitat Incentives Program.  To learn more about the Farm Bill, 
go to www.ers.usda.gov/features/farmbill/2002farmact.pdf 

Friends of the Santa Clara River:  The Friends have been actively engaged in 
watershed activities along the length of the river with a focus on the protection, 
enhancement, and management of the river’s resources.  The Friends are involved in 
several efforts including planning activities, habitat management, habitat restoration, and 
public education and outreach regarding the resource values of the river. The Friends 
own and manage a 230-acre river terrace property near the city of Santa Paula with over 
a mile of river frontage called the Hedrick Ranch Natural Area.  Visit their website for 
more information at http://www.FSCR.org. 
 
Los Angeles County Aquatic Resource In-Lieu Fee Mitigation Program: The 
purpose of this program is to provide a voluntary alternative compensatory mitigation 
option that results in better designed and managed aquatic resource restoration projects.  
Program funds may be used for activities directly related to aquatic habitat creation, 
restoration, or enhancement, to include exclusively the following activities: land 
acquisition; purchase of easements, purchase of water rights; development of mitigation 
and monitoring plans; permit fees; implementation of mitigation and monitoring plans; 
administrative costs; and long-term management of mitigation parcels. To find out more 
about this program, go to http://www.spl.usace.army.mil/regulatory/pn/200200035.pdf. 

Malibu Creek Watershed Advisory Council: The Advisory Council is made up of a 
long list of representatives working to protect and preserve the health of the Malibu 
Creek Watershed and its adjoining watersheds. These representatives helped create the 
1995 Natural Resources Plan, which serves as a planning guide for overall watershed 
health. This Natural Resources Plan outlined 44 Action Items, later distilled to the Top 
Ten Watershed Restoration Priorities in the 2001 Making Progress: Restoration of the 
Malibu Creek Watershed report. Led by the RCD of the Santa Monica Mountains, the 
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Council meets every other month to discuss watershed-related issues pursuant to these 
priorities.  Visit www.malibuwatershed.org to find out more. 

Mountain Lion Foundation: The Mountain Lion Foundation works to ensure naturally 
sustaining populations of mountain lions.  Using research, education, advocacy, 
legislation, and litigation, MLF works across the American West to stop unnecessary 
killing of mountain lions and to protect the ecosystems upon which they depend.  MLF 
partners with groups whose mission directly impacts mountain lions and is proud to be a 
founding board member of South Coast Wildlands.  MLF's Southern California office 
focuses on "Living with Lions” to reduce conflicts between people, pets and lions.  MLF 
helps livestock owners build predator-safe enclosures, helps those suburban residents 
"On the Edge" understand how their personal choices may affect wildlife for miles 
around, as well as helps those working and playing "In the Wild" feel safer.  For more 
information on the MLF’s programs, visit their website at http://www.mountainlion.org. 

Mountain Recreation and Conservation Authority (MRCA):  The MRCA is a local 
partnership between the Santa Monica Mountains Conservancy, Conejo Recreation and 
Park District and the Rancho Simi Recreation and Park District. The MRCA is dedicated 
to the preservation and management of local open space and parkland, watershed 
lands, trails, and wildlife habitat. The MRCA manages and provides ranger services for 
almost 50,000 acres of public lands and parks that it owns and that are owned by the 
Santa Monica Mountains Conservancy or other agencies and provides comprehensive 
education and interpretation programs for the public.  The MRCA works in cooperation 
with the Conservancy and other local government partners to acquire parkland, 
participate in vital planning processes, and complete major park improvement projects. 
The MRCA provides natural resources and scientific expertise, critical regional planning 
services, park construction services, park operations, fire prevention, ranger services, 
and educational and leadership programs for thousands of youth each year.  To find out 
more, go to http://www.mrca.ca.gov/.  

Mountains Restoration Trust (MRT):  MRT is committed to preserving, protecting and 
enhancing the natural resources of the Santa Monica Mountains. MRT accomplishes this 
by working in several areas: land acquisition, cooperative planning, restoration, and 
offering education, and recreation programs.  For nearly 20 years, MRT has offered a 
responsible approach to preservation and restoration based upon cooperative planning. 
MRT works with communities, land owners, and numerous governmental agencies to 
attain positive results in achieving preservation goals and public access.  Visit 
http://www.mountainstrust.org to find out more.  

National Parks Conservation Association:  Their mission is to protect and enhance 
America’s National Park System for present and future generations.  NPCA plays a 
crucial role in ensuring that these special places are protected in perpetuity by 
advocating for the national parks and the National Park Service, educating decision-
makers and the public about the importance of preserving the parks,  helping to 
convince members of Congress to uphold the laws that protect the parks, supporting 
new legislation that addresses threats to the parks, fighting  attempts to weaken these 
laws in the courts,  and assessing the health of the parks and park management to 
better inform advocacy work.  For more information, visit their website at 
http://www.npca.org. 
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National Park Service, Santa Monica Mountains National Recreation Area:  The 
mission of the National Park Service (NPS) is "...to promote and regulate the use of 
the...national parks...which purpose is to conserve the scenery and the natural and 
historic objects and the wildlife therein and to provide for the enjoyment of the same in 
such manner and by such means as will leave them unimpaired for the enjoyment of 
future generations."  Within this planning area, the NPS manages land within the Santa 
Monica Mountains National Recreation Area and is a key partner in the South Coast 
Missing Linkages Project.  The Santa Monica Mountains are both ecologically and 
jurisdictionally fragmented so to achieve the NPS goals of resource protection, it is 
critical to understand and manage resources within the context of the surrounding 
landscape.  Landscape linkages are critical to maintain ecological integrity in the Santa 
Monica Mountains and the Missing Linkages Project provides a scientific framework for 
assessing and identifying critical connections between the Santa Monica Mountains and 
surrounding ecosystems.  In support of its resource protection mission and the 
objectives of the Missing Linkages Project, NPS scientists are engaged in numerous 
studies and monitoring programs related to habitat fragmentation, wildlife corridors, and 
landscape linkages.  NPS rangers also provide educational and outreach programs 
about these issues to visitors and residents throughout the planning area.  For more on 
NPS activities at Santa Monica Mountains National Recreation Area, see 
http://www.nps.gov/samo. 
 
Rancho Simi Recreation and Park District:  The District’s mission is to provide a 
broad, well-rounded program of parks and recreation services for all District residents; to 
acquire land while available and at a reasonable price; to provide areas and facilities 
needed for indoor and outdoor recreation activities; to operate within an approved 
budget, offering recreation services at the most reasonable cost possible; to consistently 
strive to improve and expand recreation and park facilities through the use of property 
taxes, developers’ fees, grants and major donations; to operate the District on a 
businesslike, economical basis in accordance with both accepted professional policy and 
taxpayer wishes; and to maintain facilities at a reasonable standard.  The District covers 
113 square miles which is bound by the Ventura County line on the east and south, west 
to the edge of the city limits of the City of Moorpark, and north to the Oak Ridge area of 
the Santa Susana Mountains.  To find out more, go to http://www.rsrpd.org. 
  
Regional Water Quality Control Board:  The State WQCB strives to preserve, 
enhance and restore the quality of California's water resources, and ensure their proper 
allocation and efficient use for the benefit of present and future generations.  The 
RWQCB oversees waters in the Linkage Design area.  For more information, visit their 
website at http://www.swrcb.ca.gov. 
 
Resource Conservation Districts (RCD):  The federal district has 2 offices with 
responsibilities in this area:  Ventura County RCD (www.vcrcd.org) and Santa Monica 
Mountains RCD (www.smmrcd.org).  These non-profit agencies support conservation of 
natural ecosystems through programs that reduce the effects of on-going land-use 
practices on the environment.  A major portion of their effort is to advise residents on the 
management of soil, water, soil amendments and other resources used for agriculture 
and home gardening. RCDs are supported by state and local grants.  They provide 
leadership in partnership efforts to help people conserve, maintain, and improve our 
natural resources and environment. Programs include Emergency Watershed 
Protection, Environmental Quality Incentives, Resource Conservation and Development, 
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Soil Survey Programs, Soil and Water Conservation Assistance, Watershed Protection, 
River Basin, and Flood Operations, Wetlands Reserve and Wildlife Habitat Incentives.  
They do not enforce regulations but instead serve the interests of local residents and 
businesses.  To find out more about California’s RCDs visit  http://www.carcd.org. 
 
San Fernando Valley Audubon Society:  Their mission is to preserve and enhance the 
natural habitat within the San Fernando Valley to increase the public's awareness and 
appreciation of bird life and the natural environment; and to create a social environment 
that encourages individual development and participation 
(http://www.sanfernandovalleyaudubon.org). 
 
Santa Clara River Enhancement and Management Plan:  The purpose of the 
SCREMP is to provide a guidance document that addresses the preservation, 
enhancement, and sustainability of resources for the entire length of the river, 
encompassing all land within the 500-year floodplain.  The plan identifies land in the 
Linkage Design as having significant regional conservation value and calls for 
maintaining existing habitat values and river channel connectivity (AMEC 2004).  The 
plan developed from a highly collaborative process that involved numerous stakeholders 
that is coordinated by the Ventura County Watershed Protection District and Los 
Angeles County Department of Public Works.  The plan may provide opportunities for 
protecting land along the river in the Linkage Design area.  The plan can be viewed at 
http://sdgis.amec.com/scremp/index.htm.  
 
Santa Clara River Trustee Council: The Trustee Council, made up of representatives 
from the U.S. Fish and Wildlife Service and the California Department of Fish and Game, 
is administering $1.5 million to fund ecological restoration projects in the Santa Clara 
River watershed in Ventura and Los Angeles counties.  Ecological restoration projects 
include habitat improvement, and ecological research, monitoring, and educational 
efforts associated with habitat restoration.  The funds are from the settlement of claims 
for natural resource damages resulting from an ARCO pipeline oil spill into the Santa 
Clara River.  Several projects have been proposed that would contribute to the 
protection and restoration of habitats in the Linkage Design.  For more information on 
the Council, visit http://www.ventura.fws.gov/ SCRiverPlan/SCR. 

Santa Monica Bay Restoration Commission:  In recognition of the need to restore 
and protect the Santa Monica Bay and its resources, the State of California and the U.S. 
Environmental Protection Agency established the Santa Monica Bay Restoration Project 
(SMBRP) as a National Estuary Program in December 1988. The Project was formed to 
develop a plan that would ensure the long-term health of the 266 square mile Bay and its 
400 square mile watershed, located in the second most populous region in the United 
States. That plan, known as the Santa Monica Bay Restoration Plan, won State and 
Federal approval in 1995. Since then the SMBRP's primary mission has been to facilitate 
and oversee the implementation of the Plan (http://www.santamonicabay.org). 

Santa Monica Mountains Conservancy:  This state agency was created by the 
Legislature in 1979 and is charged with the primary responsibility for acquiring land with 
statewide and regional significance.  Through direct action, alliances, partnerships, and 
joint powers authorities, the Conservancy's mission is to strategically preserve, protect, 
restore, and enhance treasured pieces of Southern California’s natural heritage to form 
an interlinking system of parks, open space, trails, and wildlife habitats that are easily 
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accessible to the general public.  SMMC has been planning for habitat connectivity and 
acquiring land in the Linkage Design for the last few decades.  The SMMC is a partner in 
the South Coast Missing Linkages effort.  For more information on SMMC, visit them at 
http://www.smmc.ca.gov. 

Santa Monica Mountains Natural History Association:  The Association funds and 
supports walks, school programs and other interpretive activities at Leo Carrillo State 
Park and Point Mugu State Parks in the Santa Monica Mountains. These parks contain 
mountains, backcountry, beaches, canyons, woods, and ocean close to major urban 
centers.  The association sponsors diverse programs that teach tidepooling and beach 
ecology.  For more information about the Association and its many activities, go to 
http://www.parks.ca.gov/?page_id=22324.  
 
Santa Monica Mountains Trails Council:  The Santa Monica Mountains Trails Council 
is a volunteer, nonprofit organization dedicated to establishing and maintaining the 
public trail system throughout the Santa Monica Mountains, through advocacy and 
partnership with public and private sectors (http://www.smmtc.org).  

Sierra Club’s Santa Clara River Greenway Campaign: The stated goal of this effort is 
to bring the entire 500-year floodplain of the river from Fillmore to Acton into public 
ownership and protection.  The campaign has identified a number of protection needs 
including water quality and quantity, plant and wildlife species habitats, movement 
corridors for wildlife, open space attributes and aesthetics, river fluvial dynamics, and 
agricultural resources (http://www.sierraclub.org). 

Sierra Club’s Southern California Forests Campaign:  Sierra Club volunteers and 
staff have created the Southern California Forests Campaign to encourage public 
involvement in the 4 southern California Forest’s Resource Management Plan revision 
process.  The goals of the campaign are to reduce the threats to our forests and to 
enjoy, protect and restore them (http://www.sierraclub.org).  

South Coast Wildlands:  South Coast Wildlands is a non-profit group established to 
create a protected network of wildlands throughout the South Coast Ecoregion and is the 
key administrator and coordinator of the South Coast Missing Linkages Project.  For all 
15 priority linkages in the Ecoregion, South Coast Wildlands supports and enhances 
existing efforts by providing information on regional linkages critical to achieving the 
conservation goals of each planning effort (http://www.scwildlands.org). 

South Coast Missing Linkages Project (SCML):  SCML is an informal coalition of 
agencies, organizations and universities committed to conserving 15 priority landscape 
linkages in the South Coast Ecoregion.  The project is administered and coordinated by 
South Coast Wildlands.  Partners in the South Coast Missing Linkages Project include 
but are not limited to The Wildlands Conservancy, The Resources Agency California 
Legacy Project, California State Parks, California State Parks Foundation, United States 
Forest Service, National Park Service, Santa Monica Mountains Conservancy, 
Conservation Biology Institute, San Diego State University Field Station Programs, The 
Nature Conservancy, Environment Now, and the Zoological Society of San Diego’s 
Conservation and Research for Endangered Species. For more information on this 
ambitious regional effort, go to http://www.scwildlands.org. 
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Southern California Wetlands Recovery Project:  The Wetlands Recovery Project is a 
partnership of public agencies working cooperatively to acquire, restore, and enhance 
coastal wetlands and watersheds between Point Conception and the International border 
with Mexico. Using a non-regulatory approach and an ecosystem perspective, the 
Wetlands Recovery Project works to identify wetland acquisition and restoration 
priorities, prepare plans for these priority sites, pool funds to undertake these projects, 
implement priority plans, and oversee post-project maintenance and monitoring. The 
goal of the Southern California Wetlands Recovery Project is to accelerate the pace, 
extent, and the effectiveness of coastal wetland restoration in Southern California 
through developing and implementing a regional prioritization plan for the acquisition, 
restoration, and enhancement of Southern California's coastal wetlands and watersheds 
(http://www.coastalconservancy.ca.gov/scwrp).  

The Nature Conservancy:  TNC preserves the plants, animals and natural communities 
that represent the diversity of life on Earth by protecting the lands and waters they need 
to survive. The Conservancy has protected more than 117 million acres of land and 
5,000 miles of river around the world. The Conservancy has undertaken significant 
conservation and planning efforts in the planning area, including critical lands in the 
Santa Susana Mountains and along the main stem of the Santa Clara River. TNC has 
protected a total of 4,600 acres in its LA-Ventura project area. TNC is actively acquiring 
land and conservation easements in the Santa Clara River floodplain, having conserved 
over 2,500 acres thus far representing 10.5 miles of the river.  TNC is a partner in the 
South Coast Missing Linkage Project. For more information on their activities, go to 
http://www.tnc.org. 
 
The Wildlands Conservancy:  The Wildlands Conservancy is a non-profit, member-
supported organization dedicated to land and river preservation, trail development and 
environmental stewardship through education.  Their Save the Saints Program brings 
together multiple land trusts and conservancies to identify key lands for acquisition within 
National Forest boundaries and lands contiguous with the Forests in the Santa Ana, San 
Gabriel, San Jacinto, and San Bernardino Mountains.  TWC is a vital partner in the 
South Coast Missing Linkages project.  For more information, please visit their website 
at http://www.wildlandsconservancy.org. 
 
Topanga Canyon Docents:  The Topanga Canyon Docents was started in 1974 by a 
group of friends and activists who wanted to share their love of nature and the Santa 
Monica Mountains.  They lead public nature walks and give programs for school 
children.  They're committed environmentalists who've created an extremely popular and 
fun educational program (http://tc-docents.org). 
 
Transportation Equity Act of the 21st Century (TEA-21):  This Act was enacted June 
9, 1998 as Public Law 105-178. TEA-21 authorizes Federal surface transportation 
programs for highways and highway safety The Critter Crossings Program was 
developed to address roadkill, habitat fragmentation, and habitat loss due to public 
roads. This Act provides funding for ecological infrastructure, water quality 
improvements, restoration of wetlands and habitat (http://www.fhwa.dot.gov/tea21). 
 
Trust for Public Land (TPL): TPL conserves land for people to enjoy as parks, gardens 
and other natural places, ensuring livable communities for generations to come. TPL’s 
Western Rivers Program works to reestablish and protect the natural function of river 
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systems.  TPL has protected over 30,000 acres of river, wetland, and watershed lands in 
California (http://www.tpl.org). 
 
US Army Corps of Engineers (ACOE):  The mission of the ACOE is to provide quality, 
responsive engineering services for planning, designing, building and operating water 
resources and other civil works projects (Navigation, Flood Control, Environmental 
Protection, Disaster Response, etc.).  The ACOE has conducted dam removal studies 
for the Rindge Dam on Malibu Creek and the Matilija Dam on Matilija Creek, a tributary 
of the Ventura River.  They also are engaged in watershed planning efforts that may 
provide opportunities for restoration of natural water flow and riparian vegetation in the 
linkage.  They recently completed a Reconnaissance Study of the Santa Clara River 
Watershed to determine federal interest in completing a Feasibility Study for a Santa 
Clara River Watershed Protection Plan that would cover the entire watershed 
(http://www.usace.army.mil). 
 
US Fish and Wildlife Service (USFWS):  The USFWS works to conserve, protect and 
enhance fish, wildlife, and plants and their habitats for the continuing benefit of the 
American people.  The agency can provide support for prosecuting violations to the 
Endangered Species Act, law enforcement, permits, and funding for research on 
threatened and endangered species.  The federal Endangered Species Act as amended 
(16 U.S.C. 1534) authorizes USFWS to acquire lands and waters for the conservation of 
fish, wildlife, or plants with the Land and Water Fund Act appropriations.  The added 
protection provided by the Endangered Species Act may also be helpful for protecting 
habitat in the linkage from proposed development projects (http://www.fws.gov). 
 
US Fish and Wildlife Service Partners for Fish and Wildlife Program This program 
supplies funds and technical assistance to landowners who want to restore and enhance 
wetlands, native grasslands, and other declining habitats, to benefit threatened and 
endangered species, migratory birds, and other wildlife.  This program may be helpful in 
restoring habitat on private lands in the Linkage Design (http://partners.fws.gov). 
 
US Forest Service:  The mission of the USDA Forest Service is to sustain the health, 
diversity, and productivity of the Nation’s forests and grasslands to meet the needs of 
present and future generations.  The four southern California Forests (Los Padres, 
Angeles, San Bernardino, and Cleveland) have recently finalized their Resource 
Management Plans.  The Final Environmental Impact Statement and Forest Plans have 
identified connecting the four forests to the existing network of protected lands in the 
region as one of the key conservation strategies for protecting biodiversity on the forests.  
The USFS is allocated Land and Water Conservation Funds annually, which are 
designed to protect recreational open space, watershed integrity, and wildlife habitat and 
may be a source of funds for protecting land in the planning area.  The Forest Service is 
taking a proactive role in habitat connectivity planning in the region as a key partner in 
the South Coast Missing Linkages Project.  For more information, go to 
http://www.fs.fed.us/r5/scfpr.   

US Geological Survey, Biological Resources Division:  The Biological Resource 
Division (BRD) works with others to provide the scientific understanding and 
technologies needed to support the sound management and conservation of our 
Nation's biological resources.  BRD develops scientific and statistically reliable methods 
and protocols to assess the status and trends of the Nation's biological resources.  BRD 
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utilizes tools from the biological, physical, and social sciences to understand the causes 
of biological and ecological trends and to predict the ecological consequences of 
management practices.  BRD enters into partnerships with scientific collaborators to 
produce high-quality scientific information and partnerships with the users of scientific 
information to ensure this information's relevance and application to real problems.  For 
more information, go to http://www.biology.usgs.gov. 

Ventura Coast Keepers/Wishtoyo Foundation: The Ventura Coastkeepers is affiliated 
with the National Waterkeeper Alliance, dedicated to protecting, preserving and restoring 
marine habitat, coastal waters, and watershed integrity. The Keeper organizations fill the 
gap between water pollution laws and the government's ability to enforce them. 
Wishtoyo is a Native American organization that utilizes traditional Chumash cultural 
values and practices to foster environmental awareness (http://www.wishtoyo.org). 

Ventura County Watershed Protection District: The mission of the Watershed 
Protection District is to protect life, property, watercourses, watersheds, and public 
infrastructure from the dangers and damages associated with flood and stormwaters. 
They are currently working on the following projects in the planning area: Matilija Dam 
Ecosystem Restoration Project, Calleguas Watershed Management Plan Present 
Condition Model Results, and SCREMP (http://publicworks.countyofventura.org/fc/). 

Ventura County Open Space District: In November 1998, voters decisively approved 
Advisory Measure A “authorizing legislation” (AB 1145) to develop an Open Space 
District (OSD); the County has received State authorization but hasn’t yet implemented 
their OSD. The purpose of the proposed OSD is to preserve, enhance and/or restore the 
agricultural resources and natural qualities of Ventura County (e.g., ridgelines, scenic 
viewsheds, agricultural lands, wildlife corridors, natural habitat, greenbelts between the 
cities, hillsides, wetlands, rivers and streams, and natural parksites) for the enjoyment 
and benefit of present and future residents of the County. OSDs are similar to non-profit 
land trusts and conservancies, protecting land using a combination of techniques 
including outright purchase or purchasing the “right” to develop the land (in voluntary 
transactions) (http://www.ventura.org/planning/studies_eirs/open_space.htm). 

Ventura Hillsides Conservancy: The mission of the Conservancy is to "preserve the 
hillsides, canyons, and open space that contributes to the unique character and natural 
environment of the City of San Buenaventura and the surrounding region for the benefit 
of present and future generations." (http://www.venturahillsides.org). 

Wildlife Conservation Board:  The Wildlife Conservation Board administers capital 
outlay for wildlife conservation and related public recreation for the State of California.  
The Board, while a part of the California Department of Fish and Game, is a separate 
and independent Board with authority and funding to carry out an acquisition and 
development program for wildlife conservation (http://www.dfg.ca.gov/wcb). 
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Summary 
 

 
A Scientifically Sound Plan for Conservation Action 
 
In southern California, humans have become significant agents of biogeographic 
change, converting habitat to urban and agricultural uses and altering the movements of 
organisms, nutrients, and water through the ecosystem. The resulting fragmentation of 
natural landscapes threatens to impede the natural processes needed to support one of 
the world’s greatest biological warehouses of species diversity. 
 
This interaction between human development and unparalleled biodiversity is one of the 
great and potentially tragic experiments of our time. It creates a unique challenge for 
land managers and conservation planning efforts – to mitigate these major impacts to 
once intact ecosystems. The conservation plan for the Santa Monica-Sierra Madre 
Connection addresses these challenges by presenting a scientific framework and set of 
recommendations that can guide regional conservation planning and patterns of 
development in a manner that best preserves landscape level processes in the region.  
 
The prioritization of this linkage for conservation and the demarcation of lands suggested 
for protection in the linkage are based on the best available conservation techniques and 
expertise of biologists working in the region. This project provides a strong biological 
foundation and quantifiable, repeatable conservation design approach that can be used 
as the basis for successful conservation action.  
 
Next Steps 
 
This Linkage Design plan acts as a scientifically sound starting point for conservation 
implementation and evaluation.  The plan can be used as a resource for regional land 
managers to understand their critical role in sustaining biodiversity and ecosystem 
processes. Existing conservation investments in the vicinity are already extensive 
including lands managed by the US Forest Service, National Park Service, California 
State Parks, Santa Monica Mountains Conservancy, The Nature Conservancy, and 
other open space agencies. Each land parcel located within the targeted protected core 
areas or the linkage itself serves a unique role in preserving some aspect of the 
connection.  Incorporating relevant aspects of this plan into individual land management 
plans provides an opportunity to jointly implement a regional conservation strategy. 
 
Additional conservation action will also be needed to address transportation barriers. 
Recommended tools include road renovation, construction of wildlife crossings, 
watershed planning, habitat restoration, conservation easements, zoning, acquisition, 
and others. These recommendations are not exhaustive, but are meant to serve as a 
starting point for persons interested in becoming involved in preserving and restoring 
linkage function. We urge the reader to keep sight of the primary goal of conserving 
landscape linkages to promote movement between targeted core areas over broad 
spatial and temporal scales, and to work within this framework to develop a wide variety 
of restoration options for maintaining linkage function. To this end, we provided a list of 
organizations, agencies and regional projects that provide collaborative opportunities for 
implementation.  
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Public education and outreach is vital to the success of this effort – both to change land 
use activities that threaten species existence and movement in the linkage and to 
generate an appreciation and support of the conservation effort. Public education can 
encourage recreational users and residents at the urban-wildland interface to become 
active stewards of the land and to generate a sense of place and ownership for local 
habitats and processes. Such voluntary cooperation is essential to preserving linkage 
function. The biological information, figures and tables from this plan are ready materials 
for interpretive programs. We have also prepared a 3D animation (Appendix C on the 
enclosed CD) that provides a landscape perspective of the linkage.  
 
Successful conservation efforts are reiterative, incorporating and encouraging the 
collection of new biological information that can increase understanding of linkage 
function. We strongly support the development of a monitoring and research program 
that addresses movement (of individuals and genes) and resource needs of species in 
the Linkage Design area. The suite of predictions generated by the GIS analyses 
conducted in this planning effort provides a starting place for designing long-term 
monitoring programs.  

 
The remaining wildlands in southern California form a patchwork of natural open space 
within one of the world’s largest metropolitan areas. Without further action, our existing 
protected lands will become isolated in a matrix of urban and industrial development. 
Ultimately the fate of the plants and animals living on these lands will be determined by 
the size and distribution of protected lands and surrounding development and human 
activities. With this linkage conservation plan, the outcome of land use changes can be 
tailored to assure the greatest protection for our natural areas at the least cost to our 
human endeavors. We envision a future interconnected system of natural space where 
our native biodiversity can thrive.  
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Appendix B:  Workshop Summary 
 

 
South Coast Missing Linkages Workshop Minutes 

July 29, 2002 at Franklin Canyon Park 
 
 

Ray Sauvajot, National Park Service – Welcome 
 

 Project goal is to identify, understand and protect habitat linkages across California 
 Missing Linkages statewide conference (November 2000) allowed participants to map 

habitat linkages between remaining wildland areas using consensus-based approach  
 Threats and scientific needs identified for each linkage area and compiled into 

conference proceedings, which has received attention from land planners and the media 
 69 linkages identified for landscape connectivity in the South Coast Ecoregion; 15 

highest priority (most irreplaceable and vulnerable) linkage areas selected for immediate 
conservation action; this pilot planning project can be replicated across California 

 Two workshops: biological perspectives (focal species information) and conservation 
design/delivery (land protection); thorough planning will attract conservation dollars 

 Presentations will discuss connectivity needs for various groups of species and provide 
scientific framework for afternoon taxonomic working group sessions; datasheets will be 
used to collect linkage information and identify importance of corridor for focal species 

 
 

Jonathan Levine, University of California Los Angeles – How Does Habitat Connectivity 
Affect Rare Plant Persistence? 
  
Summary:  It is commonly believed that dispersal is essential to the persistence of plant 

populations.  Here, I present evidence from general ecological models identifying important 
caveats about the systems and species for which this notion is valid.  By examining other 
mechanisms of persistence including dormancy and tolerance, I point out that the 
importance of dispersal, and ultimately habitat connectivity for the persistence of rare plant 
populations should not be assumed a priori.   

 
Biography: Jonathan Levine in an assistant professor of conservation biology in the Department 

of Organismic Biology, Ecology, and Evolution, and the Institute of the Environment at 
UCLA.  He received his doctoral degree at the University of California, Berkeley for his work 
on the relationship between native plant species diversity and biological invasions along the 
South Fork Eel River in northern California.  Jonathan has written extensively on the 
controls over the success and impacts of biological invasions.  Current interests include the 
importance of dormancy and environmental variation for the persistence of the rare annual 
plants on the southern California Channel Islands. 

 
 Framework for choosing focal plant species: plant persistence dependent upon 

pollination and dispersal, often by animal vectors that require habitat connectivity 
 Rare plant populations are threatened by demographic stochasticity (chance variation in 

birth rate, death rate, etc.) and environmental variation (such as drought); potential 
buffers against environmental variation: high tolerance (e.g. - special physiology allows 
Dudleya species to survive drought), dormancy (seeds can live for several years), and 
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dispersal (movement through shifting mosaic of favorable and unfavorable habitat 
locations); habitat connectivity is important for the dispersal of many plant species 

 Dispersal is difficult way for rare plants to persist; dormancy is more flexible approach 
 Theoretical model for rare annual plant populations on Channel Islands with variable 

climate, exotic annual grass competitors, and variable germination and dormancy - 
simulation shows population increase during periods of environmental fluctuation (which 
limits competition with exotic grasses allowing dormant seeds to flourish) 

 Habitat linkages needed for movement of pollinators and dispersers; dispersal favorable 
for persistence of certain species according to three ecological models: evolution/natural 
selection, metapopulations in shifting environments, and neutral landscape/percolation in 
patchy environments; dispersal favors persistence if patch quality varies asynchronously 
(e.g. – Dudleya on rock outcrop might disperse seed to inappropriate chaparral habitat) 

 Dispersal allows patches to be re-colonized by plants following disturbance, although 
after wildfire some species sprout from dormant seeds; habitat fragmentation and 
alteration may make plant dispersal more important than under natural conditions 

 Plant dispersal takes place on a large scale; connectivity can potentially hurt plant 
populations by allowing invasion by non-native species 

 Future regional climate is predicted to involve more extreme variations (severe floods 
and droughts); for non-rare plant species, connectivity may be important for dispersal 
into more favorable habitats, post-fire colonization, and seed dispersal by animals 

 
 
Travis Longcore, The Urban Wildlands Group - Invertebrates and Landscape-level 
Conservation Planning 
 
Summary: Invertebrates respond to landscape features across many scales, including much 

finer scales than vertebrates.  While they can maintain viable populations in much smaller 
areas than charismatic megafauna, they are also perhaps even more sensitive to habitat 
degradation -- a simple footpath may constitute habitat fragmentation for some 
invertebrates.  Corridors may funnel some mobile species between appropriate habitats, but 
inter-patch distance is equally if not more important.  For flying insects such as butterflies, 
stepping stones of habitat may be more efficient than corridors in ensuring metapopulation 
viability.  Landscape conservation planning for invertebrates must recognize their different 
scales of response, the value of relatively small and "isolated" habitat areas, and relative 
threats to population viability. 

 
Biography: Travis Longcore completed his PhD in Geography at UCLA, and is an expert in 

urban conservation biology and restoration. His research has focused on the use of 
terrestrial arthropods to evaluate the success of ecological restoration in coastal sage scrub 
communities. Dr. Longcore has professional experience with urban habitat conservation and 
environmental education, having worked on efforts to conserve the Palos Verdes blue 
butterfly, and to develop butterfly garden programs for inner city schools. He is active in 
conservation planning for endangered species, serving on U.S. Fish and Wildlife Service 
Recovery Teams for the El Segundo blue butterfly and Quino checkerspot butterfly.  He is 
currently Research Assistant Professor of Geography in the USC Sustainable Cities 
Program and Science Director of The Urban Wildlands Group, a Los Angeles-based 
conservation think tank. 

 
 Incredible invertebrate diversity to consider for landscape-level planning 
 Smaller scale for invertebrates when considering fragmentation: even dirt pathway may 

be movement barrier for certain species (e.g. – wolf spider); certain beetle species 
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remain in leaf litter under trees and will not leave favorable habitat patch; width of 
road/path and construction material (grass, gravel, pavement) influence beetle 
movement 

 Flying insects: roads can still present dispersal barrier; butterfly species have different 
landscape mobility (only certain species will cross water/trees/path/road); some mobile 
butterflies use habitat corridors, while more sedentary species remain within habitat 
patches and may move less than ten meters (e.g. – remain at location of rare host 
plant); older female butterflies more likely to disperse long distances 

 Patch size/distance matters; fragmentation can prevent habitat re-colonization by inverts 
 Flightless habitat specialists (scorpions, land snails, trap door spiders): lifetime mobility 

only a few meters; require specific plants/soils; landscape-level connectivity already 
largely lost; poor linkage focal species - more important to preserve high quality habitat 

 Mobile flightless inverts (certain beetles): move tens to hundreds of meters; connectivity 
compromised; poor linkage focal species – more important to preserve habitat mosaic  

 Flying habitat specialists (butterflies, bees, moths, possibly grasshoppers): may move 
hundreds of meters up to few kilometers; require specific host plant, habitat type, or 
disturbance cycle; inter-patch distance influences colonization; good focal species - 
corridors must contain specific habitat qualities required by focal species 

 Flying habitat generalists (mosquito, cabbage butterfly): no connectivity concern; can 
move between habitats as needed; poor focal species 

 Recommended focal species are flying habitat specialists mobile enough to utilize 
linkages; for invertebrates, management of internal habitat quality in linkage areas is 
extremely important; must prevent irrigation (which leads to abundance of exotic 
invertebrates), artificial night lighting (some invertebrates use lights to navigate), 
chemical pollution (pesticides and fertilizers), and statutory habitat destruction for fire 
clearance/fuel modification (200 feet = approx. three acres habitat lost per structure) 

 
 
Robert Fisher, United States Geological Survey, Biological Resources Division – 
Landscape Linkage Planning for Herpetofauna & Fish in the South Coast Ecoregion 
 
Summary:  This presentation explores the contrasting habitat requirements of amphibian, 

reptile, and fish species found within the South Coast Ecoregion, and discusses the various 
types of barriers that preclude movement for each.  The results of movement studies 
conducted in other parts of the Ecoregion will provide information on how to address these 
needs and issues with respect to linkage planning and design. 

 
Biography:  Robert Fisher completed his B.S. in Biology at University of California, Irvine, and 

both his M.S. in Zoology, and Ph.D. in Population Biology at University of California, Davis.  
His research interests include herpetology, including declining species, conservation 
biology, monitoring programs for vertebrates, and reserve design.   

 
 Watershed boundaries are an important consideration for focal species; within linkage 

area, there are 6 fish species (arroyo chub, unarmored stickleback, partially armored 
stickleback, striped mullet, lamprey, and southern steelhead), 1 turtle, and many 
amphibians, lizards and snakes 

 Focal species selection should be based on biological attributes: terrestrial breeding 
salamanders (riparian and upland chaparral); aquatic breeding newts (good indicator 
species, but difficult species to connect appropriate habitats across these linkages); 
frogs and toads (red-legged frog makes good focal species - once widespread and now 
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restricted to few locations; also arroyo toad and California treefrog); western pond turtle 
should be considered because it is capable of terrestrial movement 

 Habitat specialist lizards – legless lizard (little movement), alligator lizard (resilient to 
fragmentation impacts), horned lizard (patchy distribution); recommended focal species 
is coastal whiptail, which is sensitive to fragmentation and utilizes various habitats 

 Snakes: red racer uses scrub and grassland habitats; coast patch-nosed snake inhabits 
riparian areas; south coast garter uses various habitats and its range has been reduced 

 Regional aquatic systems contain dams and other barriers; wild habitats must be 
reconnected; movement through urbanized landscape of linkage areas may involve use 
of low quality habitat, allowing exposure to artificial lighting, fish parasites, and exotic 
species; current herpetological studies focus on stickleback and frog exposure to fungus 
and disease; USGS is conducting amphibian distribution surveys with pitfall traps across 
southern California, investigating species-specific connectivity needs, and observing 
habitat recovery after wildfire 

 
 
Kimball Garrett, Los Angeles County Natural History Museum – An Ornithological Primer 
for Ecologists 
 
Summary: Birds are often not the focus of wildlife habitat connectivity planning because of their 

perceived ease of movement across barriers and unsuitable habitats.  Nevertheless, birds 
vary greatly in their dispersal ecology, ability to cross unsuitable habitats, and tolerance of 
fragmented or modified habitats.  My presentation is largely intended to be an ornithological 
primer for ecologists.  In it I will review some of the important bird species in riparian, scrub, 
woodland, and grassland habitats in Ventura County and western Los Angeles County, with 
a focus on sensitive and declining species and their dispersal ecology. As with most groups, 
birds are poorly studied with respect to habitat connectivity needs and even basic life history 
traits that impact dispersal ability. 

 
Biography: Kimball L. Garrett has been the Ornithology collections manager at the Natural 

History Museum of Los Angeles County since 1982; he obtained his undergraduate degree 
in Zoology at University of California Berkeley and did graduate work in ornithology at 
UCLA.  He is co-author of "Birds of Southern California: Status and Distribution," published 
in 1981 by the Los Angeles Audubon Society, and served on the steering committee for the 
Breeding Bird Atlas of Los Angeles County, the results of which he is now co-authoring. 

 
 Most birds are able to move across barriers and unsuitable habitat; biota of Baldwin Hills 

(isolated coastal scrub habitat in Los Angeles Basin) lost regional connectivity; Bewick’s 
wren and spotted towhee remain (no historical density data or dispersal information 
available); cactus wren, a sedentary habitat specialist, disappeared from site 

 Abundant/widespread birds (such as the house finch): no need to consider for avian 
connectivity planning; many already adapted to human landscape modification 

 Artificially over-abundant/nuisance birds: plan to reduce or exclude; show accelerated 
population growth and range expansion; common raven and brown-headed cowbird, 
although native, can inflict negative impacts upon native species; also, do not plan for 
non-native species (European starling, parrots, parakeets) 

 Water birds have evolved to travel great distances; excellent fliers adapted to interrupted 
habitats; migrate to breeding habitat; not important for linkage planning 

 Focal bird species for linkage planning should be sedentary, habitat specific land birds; 
concentrate on sensitive, range-restricted or otherwise important species, including 
endemics (yellow-billed magpie and Clark’s marsh wren found in region but not linkages)  
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 Riparian restoration and cowbird control have benefited migratory least bell’s vireo, but 
poor focal species as re-colonization is not defined by habitat linkages; migratory willow 
flycatcher is also poor focal species, and not responding as well to recovery efforts 

 Recommended focal species is rapidly declining loggerhead shrike, sensitive to 
landscape modification because young disperse (neither migratory nor sedentary) 

 Some endangered species not appropriate focal species for habitat connectivity – more 
threatened by loss of prey base, declining habitat quality, pesticides, and exploitation 

 Focal species should be non-migratory; consider keystone species (large predators, 
cavity nesters) and habitat specialists (acorn woodpecker and spotted owl in woodlands, 
Say‘s phoebe in arid open country, wrentit in low scrub/chaparral, non-migratory 
sparrows in low scrub, common ground dove in riparian/agricultural habitat, California 
gnatcatcher in dry desert washes, coastal horned lark and burrowing owl in grassland) 

 
 
Seth Riley, National Park Service - Fragmentation, Urbanization, Connectivity, and 
Mammalian Carnivores in the Santa Monica Mountains to Sierra Madre Mountains Region 
 
Summary: Maintaining habitat and landscape connectivity is particularly important for wide-

ranging and low-density species such as mammalian carnivores.  In the area of the Santa 
Monica to Sierra Madre linkage, we are fortunate to have detailed existing information on 
the movements and ecology of carnivores, specifically bobcats, coyotes, and, very 
preliminarily, mountain lions. While both coyotes and bobcats occur in the fragmented, 
urban landscape of the Simi Hills and northern Santa Monica Mountains, even at high 
densities, they are affected in various ways by urbanization and fragmentation.  Most adult 
female bobcats, the group responsible for successful reproduction, rarely utilize developed 
areas or cross major urban roads.  Male bobcats and coyotes do so more, particularly at 
night, but even the home ranges of coyotes and male bobcats in this landscape are made 
up of mostly (75%) natural habitat.  In addition, a specific study of freeway undercrossings 
showed that while different mammals used them to varying extents, bobcats and coyotes 
were more likely to do so when natural habitat was present on both sides of the crossing 
point.  Natural habitat is critical both for the maintenance of reproducing carnivore 
populations in this landscape, and for the maintenance of movement between regional 
habitat blocks. Genetic analyses are also underway to determine whether freeways have 
already resulted in detectable barriers to gene flow. Certainly the most difficult species to 
maintain in the Santa Monica to Sierra Madre area over the long-term is the mountain lion.  
A recently initiated study of lion movements and home range use in the region will help us 
learn more about what may be required to conserve even the largest carnivores.   

 
Biography: Seth Riley graduated in 1988 from Stanford University with a B.A. in Human Biology, 

concentrating in Animal Behavior and Ecology.  From 1988-1990 Seth worked as a wildlife 
biologist for the National Park Service at the Center for Urban Ecology in Washington.  Seth 
attended the University of California, Davis graduate school, where he graduated with a 
Ph.D. in Ecology in 1999. After graduating, Seth worked as a post-doctoral fellow at Davis, 
and began his current position as Wildlife Ecologist with the National Park Service at Santa 
Monica Mountains National Recreation Area in 2000, where current projects include a 
bobcat and coyote study that addresses home range and habitat use, reproduction, food 
habits, and genetics, a mountain lion GPS telemetry study, stream surveys for amphibians, 
pitfall/drift fence trapping to determine terrestrial reptile and amphibian distribution and 
abundance, and bat inventory and monitoring.   
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 Connectivity extremely important for wide-ranging, terrestrial, territorial, low-density 
mammalian carnivores; best to choose focal species for which dispersal needs have 
been studied to provide biological foundation for linkage design 

 NPS has studied bobcats and coyotes in the Santa Monica Mountains and Simi Hills 
using radio collars, focusing on movement across the 101 freeway to measure impacts 
of urbanization and study habitat use; bobcats are dimorphic (average home range in 
this region is 3 square km male / 1.5 square km female – extremely small for this 
species); coyotes also dimorphic (average home range in this region 6 square km male / 
3 square km female); adult female bobcats rarely enter developed areas; male bobcats 
and coyotes will utilize developed areas, but prefer natural areas 

 One female coyote dispersed into San Fernando Valley, and often traveled between 
semi-natural habitat at Pierce College and Sepulveda Basin using the L.A. River 
channel; even in urban areas, animals are moving and finding the most suitable habitat 

 Small roads can be crossed by wildlife, but are still sources of mortality; freeways are 
significant barriers, but can be crossed at certain sites (bridges and under-crossings) 

 101 crossed at Liberty Canyon by raccoons, spotted skunks, rodents, coyotes, bobcats, 
and a mountain lion; monitored with remote camera and tracks in gypsum; carnivores 
preferred to cross at sites with natural habitat on both sides of freeway; tracking data for 
bobcats and coyotes used to compare mortality (roadkill, mange, etc.) and fragment size 

 Mountain lion is difficult to maintain in fragmented landscape; NPS recently captured 140 
lb. male lion; GPS collar is now collecting movement data; long-term estimate for this 
area is less than ten lions; connectivity important; 600 square km available in Santa 
Monica Mountains (Beier 1993: 2200 square km needed to maintain lion population); 
NPS would like to also track lions in Santa Susana Mountains and Simi Hills 

 Little known about habitat and connectivity requirements for rare carnivores - badger, 
ringtail, weasel, fox; studies needed to understand distribution 

  
 
Claudia Luke, San Diego State University, Field Stations Program – Considerations for 
Connectivity & Overview of Working Group Session 
 
Summary: This presentation describes the Santa Ana – Palomar Mountains linkage to allow 

workshop participants to understand purposes of the focal species groups, identification of 
critical biological issues regarding connectivity, and qualities of species that may be 
particularly vulnerable to losses in connectivity. 

 
Biography: Claudia Luke received her Ph.D. in Zoology from U.C. Berkeley in 1989. She is 

Reserve Director of the Santa Margarita Ecological Reserve, an SDSU Field Station, and 
Adjunct Professor at San Diego State University. She is on the Board of Directors for the 
South Coast Wildlands Project and has been the lead over the last two years in 
conservation planning for the Santa Ana – Palomar Mountain linkage. 
 
 At the November 2000 Missing Linkages conference, participants determined which 

areas within California needed to be connected to allow species movement 
 South Coast Ecoregion workgroup selected criteria to prioritize linkages and connect 

largest protected lands; planning efforts have progressed for the Santa Ana – Palomar 
Mountains linkage area - workshops have been held to select focal species  

 Global linkage role: preservation of biodiversity hotspot with concentration of endemic 
species (formed by gradients in elevation, lack of past glaciers, soil diversity) 
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 Regional linkage role: maintenance of habitat connectivity to prevent extirpations, and 
considerations for climate change (warmer wetter winters and drier summers may cause 
extreme floods and wildfires, drier vegetation types may expand to higher elevations) 

 Local linkage role: connect protected parcels, considering dispersal methods of focal 
species, and impacts to habitat specialists, endemics, edge effects, and gene flow 

 Focal species approach to functional linkage planning based on Beier and Loe 1992 
corridor design (choose appropriate species, evaluate movement needs, draw corridor 
on map, monitor); focal species are units of movement used to evaluate effectiveness of 
linkages; wide diversity of species necessary to maintain ecological fabric; collaborative 
planning effort based on biological foundation and conservation design/delivery 

 Choose species sensitive to fragmentation to represent linkage areas; Crooks and Soule 
1999 showed that in San Diego as fragment size decreases, multiple bird species are 
lost; must consider associated species in planning, including keystone species important 
to survival of other species (e.g. - Yucca whipplei pollinated by specific invertebrates) 

 Each taxonomic working group will choose a few species, delineate movement needs, 
record information on natural history, distribution, habitat suitability, current land 
conditions, key areas for preservation and restoration; consider metapopulation 
dynamics so that if a species disappears due to disturbance, habitat can be re-colonized 

 Focal species data will be displayed on conservation design map and used to guide 
planning efforts; regional approach to linkages will help the South Coast Missing 
Linkages Project gain visibility and leverage to work with multiple agencies and 
organizations 

 



 
South Coast Missing Linkage Project 
Appendix C 
 

Appendix C: 3D Visualization
 

 
South Coast Wildlands has produced several flyovers or 3D visualizations of the Santa 
Monica-Sierra Madre Connection and other linkages throughout the South Coast 
Ecoregion as part of the South Coast Missing Linkages Project.   
 
The 3D Visualization provides a virtual landscape perspective of the local geography 
and land use in the planning area.   
 
INSTRUCTIONS ON VIEWING FLYOVER 
 
The flyover provided on this CD is an .mpg file (media file) which can be viewed using 
most popular/default movie viewing applications on your computer (e.g. Windows Media 
Player, Quick Time, Real One Player, etc).   
 
Simply download the .avi file “3D_Visualization.mpg” from the CD onto your computer’s 
hardrive.  Putting the file on your computer before viewing, rather than playing it directly 
from the CD, will provide you with a better viewing experience since it is a large file.   
 
Double click on the file and your default movie viewing software will automatically play 
the flyover. 
 
If you cannot view the file, your computer may not have any movie viewing software 
installed.  You can easily visit a number of vendors (e.g. Real One Player, Window 
Media Player, etc.) that provide quick and easy downloads from their websites. 
 
Please direct any comments or problems to: 
 
Clint Cabañero 
GIS Analyst/Programmer 
South Coast Wildlands  
clint@scwildlands.org 



UCSB (University of California, Santa Barbara) Biogeography Lab. 1999.
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Biological Resources Division. Accessed 2008.
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California Gap Analysis Project Home Page 

The California Gap Analysis Project, conducted by the 
Biogeography Lab at the University of California, 
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1  Introduction 

1.1 General Background 
The following technical investigation provides a detailed and focused evaluation of the hydrologic and 
hydraulic impacts from the proposed Newhall Ranch development over a portion of the Santa Clara River 
watershed and floodplain.  Santa Clara River is the main river of the Santa Clara River watershed 
encompassing a 644 square miles area with headwaters that extend in Ventura County.  However, only 
12.4 square miles of the Santa Clara River watershed are within the Newhall Ranch boundary that would 
impact the hydraulics of the canyon floodplain from the proposed future development.  The existing 
floodplain generally consists of a natural alluvial River system that extends upstream approximately 4,800 
feet from the canyon mouth at the Santa Clara River to the Newhall Ranch boundary.  Adjacent 
development along the canyon within the Newhall Ranch will potentially modify the hydrologic response 
of the watershed through changes in the runoff and reduction in the sediment supply from the developed 
areas.  Several alternative flood protection systems have been formulated as part of the adjacent 
development along the River system that involve different hydraulic elements which include: (1) bank 
protection or buried revetment, (2) excavation or grading of a modified channel system, (3) 
channelization, (4) invert grade control or grade stabilization of the streambed, (5) bridge crossings or 
culvert modifications, and (6) modification of the streambed profile and floodplain geometry.  The 
proposed flood control systems are intended to provide long-term erosion protection from lateral migration 
of the stream bank and flood protection for the adjacent proposed development areas.  These 
modifications to the stream system may result in adjustment to the hydraulic operation of the floodplain 
and changes to the stream mechanics.  The intent of this analysis is to evaluate these impacts from both 
the (1) hydrologic modifications of the watershed from single hypothetical storm events, and (2) changes 
in the floodplain hydraulic operation. 
 
In addition to evaluating the hydrological impacts of the Newhall Ranch Specific Plan, another objective of 
the analysis was to determine if predicted Project improvements (i.e., "floodplain modifications") would 
cause significant impacts to the nature, amount and location of the aquatic/riparian habitats in the River 
corridor, the Specific Plan site, and the downstream reaches in Ventura County.  The floodplain 
modifications included three bridge crossings over the River, buried soil cement bank protection 
placement along portions of the banks in the River corridor of the Specific Plan, and removal of mostly 
agricultural acreage from the floodplain by raising the land areas and installing elevated bank protection.  
The prior analysis, referenced above, evaluated impacts on flows, floodplain and habitat areas, velocities, 
water depths, and sediment scouring/deposition patterns for a range of storm flows within the River (2-
year through 100-year flood and QCAP flows).  The prior analysis determined that the proposed Specific 
Plan improvements would alter velocities in the River.  However, the impacts were only expected during 
infrequent flood events (e.g., 50-year, 100-year and QCAP flood events), and those impacts were only 
anticipated to reach the buried banks.  The prior analysis (Section 2.3) also found that the Specific Plan 
would cause an increase in water velocities, water depth, changes in sediment transport, and changes in 
the flooded areas.  However, these hydraulic effects were found to be minor in magnitude and event.  
These effects were also found to be insufficient to alter the amount, location and nature of aquatic and 
riparian habitats in the Specific Plan area and downstream in Ventura County.  The prior analysis 
(Section 2.3) further determined that, under the Specific Plan, the River would still retain sufficient width 
to allow natural fluvial processes to continue.  As a result, the prior analysis (Section 2.3) concluded that 
the mosaic of habitats in the River that support various sensitive species would be maintained, and the 
population of the species within and adjacent to the River corridor would not be significantly affected.   

1.2 Study Objectives 
The primary objective of this report is to develop the technical engineering analysis to assess and 
quantitative the impacts on the floodplain hydraulics from the proposed Newhall Ranch development for 
several alternative flood and erosion protection concepts.  The intent is to provide a comprehensive 
assessment of alternative channel systems and the effects to the hydraulic operation based on the initial 
level of information available. This report provides preliminary technical analysis for (1) watershed 
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mapping and characterization, (2) regional hydrologic modeling, (3) floodplain hydraulics and mapping, 
(4) characterization of representative hydraulic parameters, (5) preliminary engineering grading design 
and profiles of the flood control channel systems,(6) two dimensional mapping of the horizontal velocity 
distribution within the floodplain, and (7) initial assessment of stream stability through sediment transport 
capacities. The objectives of the floodplain and watershed assessment for the proposed development 
project include the following: 
 

1. Quantify the hydrologic parameters that are representative of the watershed characteristics. 

2. Determine the runoff from the watershed for both the existing and proposed land use conditions 
associated with different storm return periods 

3. Hydraulic models of the existing floodplain and proposed flood control alternatives 

4. Provide floodplain impact assessment through quantifying changes in the various hydraulic 
parameters. 

5. Preliminary assessment of the streambed stability through determination of the sediment 
transport capacities within different reaches of the floodplain. 

6. Quantitative floodplain mapping to assess changes in floodplain area and horizontal distribution 
of velocity within the floodplain 

 
A variety of engineering analysis and tasks were associated with both the different aspects of the 
watershed hydrology and floodplain hydraulics.  A technical framework was developed to guide the 
analysis of the system.  These major task areas of study reflected the various objectives of the study and 
included the following: 
 

1. Watershed delineation and parameter estimation – Determine regional watershed limits and 
interior sub-basin delineations based on surface drainage patterns.  Utilize watershed mapping 
data to determine characteristic hydrologic parameters representative of loss rates, area, 
geometry, and runoff timing functions. 

2. Watershed hydrology modeling – Application of synthetic runoff procedures to determine effective 
runoff from the watershed for the “existing” and proposed Ranch “development.”  Develop 
synthetic rainfall-runoff models to evaluate the watershed response 

3. Floodplain field investigations – Perform field reconnaissance of the existing watershed 
conditions as well as ground photo survey along the entire existing River system within the 
Newhall Ranch boundary. 

4. Baseline digital floodplain cross-section geometry – Layout appropriate spacing and location of 
cross-sections to establish the representative channel geometry.  Digitally develop extremely 
accurate cross-section coordinate points using topographic digital terrain models (DTM) and CAD 
subroutines suitable for hydraulic model format.  Adjust cross-section data to include horizontal 
variation of roughness and other attributes. 

5. Baseline HEC-RAS hydraulic model – Prepare floodplain model in HEC-RAS based on the digital 
geometry and existing condition flowrates. Evaluation based on single storm event and steady 
flow conditions 

6. Digital floodplain boundary BOSS-RMS – Detailed water surface profile analysis using BOSS-
RMS to delineate the digital floodplain boundary. 

7. Velocity distribution modeling – Determine the horizontal velocity distribution for each cross-
section within HEC-RAS and determine the coordinate points for mapping purposes. 

8. Velocity distribution mapping – Prepare the velocity distribution coordinates points in a format 
suitable for importing into CAD/GIS mapping software and utilize contour generating program to 
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develop contours of equal velocity.  Manually adjust computer mapping of velocity distribution to 
interpret unusual conditions and incorrect interpolations generated by the computer. 

9. Proposed channel system design profiles – Preliminary profile of the streambed invert for the 
proposed channel system alternatives.  Preliminary profile based on conceptual assessment of 
maintain sediment transport continuity within each channel reach and adjusting the streambed 
slope until equilibrium is reached 

10. Proposed channel digital grading design – Prepare digital engineering grading design for each of 
the channel system alternatives utilizing the bank protection layout and the preliminary profile as 
the guideline.  The digital grading plan is required in order to prepare DTM of each proposed 
condition so that a digital floodplain boundary can be created as part of the velocity distribution 
analysis. 

11. Proposed channel floodplain models and velocity distributions – Develop digital cross-section 
geometric data in BOSS-RMS for input into HEC-RAS.  Review and refine the floodplain models 
to address hydraulic calculation issues. 

12. Floodplain reach characterization and parameter estimation – Prepare an assessment of the 
hydraulic parameters and evaluate the statistics.  Develop the velocity distribution mapping for 
each of the proposed conditions which includes determining the coordinates for each cross-
section the velocity distribution, creating input format of data points into CAD/GIS, contour 
generation, and manipulation of the contours to address computer interpolations and incorrect 
assessments. 

13. Sediment transport capacity analysis – Prepare steady state sediment transport capacity analysis 
through dividing the channel system into different reaches and comparing the capacity within 
each reach.  The analysis involves determining the average hydraulic properties for each reach 
and then applying the appropriate sediment transport relationship to each grain size fraction. 

14. GIS Mapping Floodplain Mapping and Parameter Statistics – Develop GIS mapping of all the 
floodplain mapping including the floodplain boundaries and velocity distribution so that the 
statistics can be accurately quantified as part of the impact assessment. 

1.2.1 Soil Cement 
The Project would include buried soil cement along the River up to a total of approximately 29,000 linear 
feet (LF) of River and River bank.  The bank stabilization proposed is necessary to mitigate impacts 
associated with the Newhall projects.  Most of the proposed bank protection would consist of buried soil 
cement to provide scour and freeboard flood control protection.  The critical factors in determining the 
design of the bank protection were based on several factors including: (1) flood control stability and 
durability of bank protection; (2) bank protection maintenance considerations; (3) environmental 
compatibility with the native area, resource enhancement concepts, and aesthetic considerations; and (4) 
prior success in construction and cost of construction.  Soil cement bank protection provides a stable 
riverbank protection material, in terms of both surface erosion and structural stability.  Additionally, soil 
cement bank protection will be mostly buried.  The exposed top portion of the soil cement will be 
aesthetically compatible with the native earth re-vegetated resource area.  A typical soil cement cross-
section is shown in Figure 3.1. 

 
Soil cement is a highly compacted mixture of soil, cement, and water.  As the cement hydrates, it hardens 
into a strong, durable, low-permeability material.  Among the benefits to soil cement is that it may provide 
a more pleasant visual appearance, similar to that of a natural arroyo, as opposed to the visual harshness 
of traditional riprap.  Construction projects like the proposed Project, generally utilize an on-site central 
batch plant whereby material can be directly excavated from the channel.  Excavated material is then 
transported to a plug mill to separate the native material, if required, and then proceed by conveyor to a 
batch plant.  The overriding benefit to a batch plant operation is that it allows quality control of the design 
mix being generated through computer management.  The percentage by weight for the cement content 
can range from eight to 12 percent, depending on native material clay content.  High clay content 
increases the cement requirement.  Soil cement mix from the batch plant has a water content of 
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approximately 90% when ready for application.  The soil cement mixture is applied in 6-9” sheets called 
lifts, equal in width to the spreading equipment, which is generally nine feet (trimmed to eight feet).  A 
roller will then compact the soil cement after each lift is applied.  Soil cement bank protection slopes can 
be constructed very steep, usually 1h:1v, which reduces the right-of-way requirements compared to other 
alternatives with milder side slopes.  An additional benefit of the steep side slope is that it facilitates the 
replacement of native material behind the engineered embankment if it is ever overtopped, since it can 
stand like a gravity wall.  Following the final lift application, the exposed channel face can be trimmed to 
generate a clean surface and remove any soil cement that was not compacted. 

1.2.2 Turf Reinforcement Mat 
Turf Reinforcement Mat (TRM) bank stability protection along the Newhall Ranch SR-126/River utility 
corridor would be provided by installing approximately 4,600 LF of TRMs along the north bank of the 
River from the western end of the Landmark Village Project to the easterly end of the previously approved 
Newhall Ranch Water Reclamation Plant (RS 22195 to 17785).  Alternative 7 (avoidance condition) would 
have TRM extend just upstream of Long Canyon Bridge (up to section 23975).  Figures 3.3a – 3.7a depict 
the locations where TRMs would be installed. 

 
TRMs are designed to reinforce vegetation at the root and stem allowing vegetation to be used as erosion 
control in areas where flow conditions exceed the ability of natural vegetation to remain rooted. This 
includes applications with high slopes or stream banks where grouted riprap and concrete channels are 
aesthetically undesirable. 

 
TRM products are constructed of two basic materials that perform different functions: (1) Permanent 
netting designed to provide permanent structure and strength to the vegetation at the root and stem level; 
and (2) Degradable natural and synthetic fiber netting that provides erosion control immediately after 
installation by holding seed and soil particles in place and trapping moisture on the soil surface. A 
combination of the two can be used provide erosion control, vegetation establishment and reinforcement 
at one location. TRMs are secured to the soil surface using a predetermined staple pattern and either 
wire soil staples or biodegradable stakes.   

1.2.3 Bridges 
Information listed describes general conditions for the bridges while variations of bridges may be 
described within the alternative conditions. 
 
The Commerce Center Drive Bridge over the River is to be located at RS 36299, upstream of the Castaic 
Creek discharge to the River.  The bridge's proposed span is approximately 1200 LF with eleven piers 
within the River along the span.  Bridge abutments are approximately 100 LF of River length of reinforced 
concrete transitioning to soil cement on the both the north and south banks. 

 
The Long Canyon Road Bridge over the River is to be located at RS 22895, approximately 500 feet 
upstream of the Long Canyon discharge to the River.  The bridge's proposed span is approximately 980 
LF with nine piers within the River along the span.  Bridge abutments are approximately 100 LF of River 
length of reinforced concrete transitioning to soil cement on the both the north and south banks. 

 
The Potrero Canyon Bridge over the River is to be located at RS 15500, approximately 400 feet upstream 
of the Potrero Canyon discharge to the River.  The bridge's proposed span is approximately 1530 LF with 
fifteen piers within the River along the span.  Bridge abutments are approximately 84 LF of River length of 
reinforced concrete transitioning to soil cement on the both the north and south banks.  In alternatives 5 
and 6 there is no south abutment. 
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2  Existing Watershed and Floodplain 

2.1 Existing Watershed Description and Characteristics 
The 664 square mile Santa Clara River watershed, which extends 34.6 miles upstream of the Newhall 
Ranch area at its eastern extent to the Pacific Ocean at its western terminus, contains Newhall Ranch.  
Approximately 12.4 square miles of Santa Clara River watershed area is located within the Newhall 
Ranch property boundary, with the majority being upstream or offsite. The River in the headwaters flows 
in a general west to east direction while the remaining lower portion of the River flows in a north to south 
direction, similar in alignment to Chiquito Canyon and joining the Santa Clara River floodplain valley.  The 
shape of develops creates a dogleg type appearance. The overall watershed boundary develops a shape 
such that a larger portion of the drainage area is tributary in the mid portion watershed since the width of 
the watershed narrows in either the upstream and downstream tails of the watershed while the central 
portion of the watershed widens to approximately 6,800 feet in width.  The shape of the watershed is 
important since that influences when runoff reaches the outlet.  Although the watershed is relatively long, 
the large width in the central portion of the watershed will result in delivering more runoff in shorter 
amount of time, increasing the peak discharges observed at the outlet.  The distance from the upper 
headwaters to the canyon mouth is approximately 40 miles with an average overall slope of 0.0058. The 
major natural main stem drainage course within the watershed has an average slope in the lower reaches 
of the watershed through the Newhall Ranch property of approximately 0.0058.  The majority of the Santa 
Clara River watershed is characterized by both rugged and steeply developed foothills that have 
numerous smaller tributary canyons that dissect the watershed, connecting to the narrow alluvial valley 
associated with the main stem River.  The majority of the watershed consists of the rugged foothill 
topography with the remainder being the narrow valley floor.  The topography for the watershed varies 
from a maximum elevation of 6700 feet in the headwaters to a low elevation of 960 feet near the mouth of 
the canyon at the Santa Clara River valley.  Generally, the soils in the watershed are characterized as 
silty clay loams from both the Castaic and Saugus formations.  Also, the soils within the Santa Clara River 
watershed can be predominately classified as being in hydrologic soil group C (higher runoff potential) 
with exception of areas adjacent to the main stem River that are type A (lower runoff potential) and Type 
B in the lower reaches.  The associated vegetative cover within the watershed varies, but primarily 
consists of native grasses, chaparral, scrub, oak, and sagebrush.  There are no major flood control 
improvements or dams within the watershed, other than several road culvert/bridge crossings such as the 
SR 126, which would influence the watershed response to rainfall events.  Detailed hydrologic modeling 
has been performed to evaluate the baseline existing watershed conditions and the results of the peak 
discharges are discussed in the Section on Hydrology. 

 
Table 2-1 - Santa Clara River - Existing Watershed Characteristics 

 
Total Drainage Area 644 acres 
Length of Watershed 40 miles 
Maximum Elevation Difference 5740 feet (227 feet within Newhall boundary) 
Average Slope 0.0058 
Physical Topography Description Rugged Foothill 
Primary Hydrologic Soil Group C 

 

2.2 Existing Floodplain Description and General Characteristics 
The lower Santa Clara River extends approximately 40 miles upstream from the canyon mouth at the 
Santa Clara River valley to the Newhall Ranch boundary.  The geomorphology of the active River reflects 
a more highly variable and sinuous alignment that reflects the influence of the physical and topographic 
features.  There is also a much greater variation of the active channel geometry (i.e. width and depth) 
along this relatively short reach of channel.  The active portion of the River is more deeply incised below 
the canyon valley floor.  The floodplain is generally entirely contained within the active River banks and 
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there is little overbank flow. The changes in River geometry and form may indicate influences from the 
upper watershed that affect the sediment delivery.  The changes in channel geometry are also reflected in 
coincidental variations of the streambed slope.  The slope variations are generally higher in the 
contractions of the channel geometry and flatter in the expansion areas, upstream and downstream. The 
average streambed slope of the channel indicated by the topographic data is approximately 0.0058.  The 
average slopes ranges from 0.05 to 0.005.  The upstream 4,000 feet or so has a less defined active 
channel and wider canyon floor that reflect depositional area as well as increased floodplain vegetation 
within this zone. No manmade structure influences the hydraulic operation of this area. Detailed hydraulic 
modeling of the existing floodplain was performed and indicated that approximately 34% of the reach 
within the Newhall boundary of the Santa Clara River floodplain was hydraulically “steep” (Froude 
numbers greater than a value of 1.0) while the remainder of the canyon, primarily the upper portion to the 
Newhall Ranch boundary was hydraulically a ”mild” channel.  The hydraulics also indicated a several 
locations the influence of the contraction in the channel geometry which controlled the hydraulics 
upstream and downstream of these locations.  A brief description of the hydraulic operation of this 40 mile 
length floodplain for Santa Clara River Canyon from the downstream canyon mouth to the upstream 
Newhall Ranch boundary includes the following: (1) the immediate downstream portion of floodplain near 
the canyon mouth to the Santa Clara River is associated with a more prismatic earthen section that 
connects to the SR 126 roadway crossing and velocities downstream of the bridge increase from its 
influence, (2) upstream of the bridge crossing the channel significantly widens in a large incised erosion 
feature that reduces the velocities, (3) continuing upstream into the canyon mouth the River geometry 
contract and the velocities accelerate in this area along with the streambed slopes being steeper, (4) 
continuing still through the canyon mouth feature the River passes through several additional contractions 
and large expansion zones which is also indicative of the riparian vegetation occurring in the expansion 
zones, (5) the velocities in the contractions can range from 5 - 26 fps while the expansion areas are more 
in the 6 - 10 fps range, (6) continuing through the mid portion of the canyon the channel is fairly incised 
with the velocities averaging about 12 fps and encountering some variation in the channel geometry.  The 
hydraulic characteristics of the 100-year floodplain generated by the hydraulic modeling indicates that (1) 
the average depth is approximately 9 feet, ranging from 3.5 feet to a maximum of 17.75 feet, (2) the 
average velocity is approximately 12 fps, ranging form 4.6 fps to 26.4 fps, and the width of the floodplain 
water surface averages 1070 feet, ranging from 250 feet to 2300 feet consistent with the various channel 
constrictions.  Higher velocities generally occur within the contracted and incised portions of the floodplain 
and lower velocities within expansion areas and flatter longitudinal streambed slopes.  Along the fringes 
of the floodplain lower velocities occur while the higher velocities are in the deeper portions of a channel 
section. 

2.3 Existing FEMA Flood Hazard Mapping 
The Federal Emergency Management Agency (FEMA) has developed published Flood Insurance Rate 
Maps (FIRM) identifying flood hazards associated with a base flood that has a 1-percent annual return 
probability (100-year return period) of being equaled or exceeded in any given year.  This mapping is 
available for selected Rivers and rivers in the County of Los Angeles since it is a participant in the 
National Flood Insurance Program (NFIP) that is administered by FEMA.  Communities participating in 
the NFIP must adopt and enforce minimum floodplain management standards, including identification of 
flood hazards and flood risks.  In addition, the published flood hazard information is available in 
Geographic Information System (GIS) format, which is referred to a Q3 data because of the 3 data types 
provided (100-year, 500-year, and floodway data).  However, the level of accuracy of the floodplain 
mapping performed for the flood hazards studies does not provide accurate results of the floodplain 
boundaries because (1) the mapping was done at a regional level and does not include the study of 
smaller local effects and disturbances along the fringe of the floodplain, (2) the cross-section spacing 
used in the hydraulic model was generally performed at large intervals so it tends to miss changes along 
a highly variable River system, (3) many flood hazards studies involve using “approximate” methods and 
only provide preliminary estimates of the floodplain, (4) flood hazards studies use the “existing” 100-year 
flowrate  at the time of the study which may change with development, (5) the accuracy of the topography 
used in the analysis may not be to the level which obtains all the local topographic variations along the 
floodplain fringe and the topography was generally performed at a regional mapping level.   
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Santa Clara River floodplain does have a published FEMA 100-year floodplain which extends from the 
downstream confluence with the Santa Clara River to just several hundred feet upstream beyond the 
Newhall Ranch property boundary.  The original published mapping illustrated in the 1996 Q3 data was 
updated in a Letter of Map Revision (LOMR) prepared by Sikand Engineering Associates in 1998 based 
on more detailed floodplain hydraulic mapping and more accurate topographic information.  The 
floodplain maps associated with the approved LOMR were digitized in order to obtain digital mapping 
information.  The comparison of the original FEMA Q3 100-year floodplain data and the more recent 
existing LOMR 100-year floodplain are illustrated on Figures 2.2 and 2.3. 
 
The County of Los Angeles has also published floodplain studies for different stream and river systems 
within the County, which includes Santa Clara River.  The County has generated the “Capital” floodplain 
and floodway boundaries on published “ML” maps (Miscellaneous Maps) for approximately 26,000 feet of 
the River.  The capital floodplain and floodway is illustrated on 43ML-23 to 43ML-27 which was generated 
in July 1985 and adopted by the County Board of Supervisors in August 1985.  The capital flood flow 
used by the County of Los Angeles is different from the adopted FEMA 100-year flowrate because of the 
methodology and rainfall, which results in the capital flood generally being much larger than the FEMA 
flowrate.  The capital flood flow identified in the 1985 ML maps indicated an upstream value of 139,200 
cfs and downstream value of 168,000 cfs where the floodplain was analyzed with a Manning’s roughness 
coefficient of n=0.06.   Another important difference is that FEMA only published a 100-year floodplain 
boundary and did not develop a published floodway, which was only produced by the County mapping. 
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3  Channel System Alternatives 

3.1 General Discussion 
A series of alternative proposed improvements are considered to quantify and compare the extent to 
which impacts to the aquatic environment occur in each proposed alternative, and the extent to which 
those impacts can be avoided.  These alternatives suggest different possibilities that may effectively meet 
the project purpose, although as the following evaluation demonstrates, not all alternatives are equally 
successful at minimizing impacts to aquatic systems and meeting the project purpose.  Impacts will be 
considered from the standpoint of impacts to jurisdictional Waters of the United States and areas under 
the jurisdiction of California Department of Fish and Game. 
 
Proposed channel improvements, defined below, include channel modifications channel bank lining and 
revetments, channel grading, adjustments to streambed and channel profile, and the placement of drop 
structures, grade stabilizers, and bridges.  Not all improvements will necessarily be included in any 
alternative, and combinations of multiple facilities and channel modifications are considered cumulatively.  

3.2 Definition of Types of Hydraulic Facilities or Channel Modifications 

3.2.1 Channel bank lining or revetment 
Channel bank lining and revetments are composed of set-back, buried soil cement bank protection, 
exposed grouted riprap, and gunite.  Buried soil cement is placed to provide scour and freeboard flood 
control protection in locations susceptible to erosion.  The critical factors in determining the design of the 
bank protection were based on several factors including: (1) flood control stability and durability of bank 
protection; (2) bank protection maintenance considerations; (3) environmental compatibility with the 
native area and resource enhancement concepts, and aesthetic considerations; and (4) prior success in 
construction and cost of construction.  Soil cement provides a stable riverbank protection material, in 
terms of both surface erosion and structural stability.  Additionally, soil cement bank protection will be 
mostly buried.  The exposed top portion of the soil cement will be aesthetically compatible with the native 
earth re-vegetated resource area.  Soil cement is a highly compacted mixture of soil, cement, and water.  
As the cement hydrates, it hardens into a strong, durable, low-permeability material.  Among the benefits 
to soil cement is that it may provide a more pleasant visual appearance, similar to that of a natural arroyo, 
as opposed to the visual harshness of traditional riprap.   

3.2.2 Outlets 
Discharging into the channel and the downstream River confluence require additional protection.  In these 
cases buried soil cement will transition to grouted riprap at the edges of the works, and finally gunite at 
the base of the works.  Gunite is a trade name for dry gunned concrete, although it is commonly used to 
refer to spray applied concrete.  That is, the concrete is pneumatically applied or sprayed in place using 
air pressure.  The process is also referred to as a dry gunning.  Application occurs as cement and sand 
are injected into an air stream conveying the mix to a nozzle.  At the nozzle water is added so that there 
is total control of the water-cement ratio.  

3.2.3 Bridges  
Frequently as a part of infrastructure improvements or demands, channel crossings are built over 
channels.  While bridges are not specifically hydraulic structures, the placement of piers or the 
encroachment of bridge abutments in a channel does directly alter channel hydraulics.  In some 
circumstances it is possible to completely span a channel.  In cases where channel stability, seismic 
factors and other considerations necessitate bridge encroachment into the channel, the hydraulic impacts 
of the bridge will be considered on the channel. 
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3.3 Description of Alternatives 
Seven alternatives are proposed for the channel: Alternative 1 (Existing Alternative), Alternative (Project 
Alternative) and five alternatives, including Alternative 7 (Avoidance Alternative).  Figure 3.8 shows a 
comparison of the floodplain acreages.  Discussed in detail below are the linear feet of buried soil cement 
bank protection (soil cement), turf reinforcement bank protection (TRM), and bridges as proposed under 
the various alternatives.  

3.3.1 Alternative No. 1 (Existing Condition) 
The condition of the study area as it exists at the time of writing.  This includes the Highway 126 Bridge 
crossing Castaic Creek, agricultural activities along both banks, culverts at Chiquito and Grande Creek 
confluences under Highway 126, and the upland drainage crossing the project site.  The major tributary 
confluences with the River within the study area are Castaic, Chiquito, Grande, Lion, Long and Potrero 
Creeks.  In this condition, no development related to the proposed project exists. 

3.3.2 Alternative No. 2 (Proposed Project) 
Does not include any grading or structures in the Santa Clara River channel except that which is 
associated with the placement of buried bank protection or the placement of bridges and their attendant 
features.  Alternative 2 (Proposed Project) plan is shown in Figure 3.3a.  Approximately 18,780 and 
10,177 feet of bank protection feet of soil cement are placed on the north and south channel banks, 
respectively, and a typical cross-section with bank stabilization is shown in Figure 3.1.  Three proposed 
bridges will exist in the Project Alternative.  The upstream bridge, located at Commerce Center Drive is 
approximately 1106 feet long, 100 feet wide and has eleven 3-foot wide piers in the channel. The second 
bridge, located at the Long Canyon confluence with the River, is approximately 975 feet long, 100 feet 
wide and has nine 3-foot wide piers in the channel.  The downstream bridge is located at the confluence 
with Potrero Creek and is approximately 1,530 feet long and 84 feet with 15 three-foot wide piers in the 
channel.  Although bridge lengths may change per alternative, the width of each bridge remains the 
same. The placement of the soil cement along the Project site will convert less than 5 acres of the upland 
agricultural area back to river channel under the 100yr event. Turf reinforcement mats (TRMs) are placed 
along 4,600 ft of the north bank between the upstream end of the WRP and downstream end of bank 
protection at Landmark.  This will remain the same for each proposed alternative except alternative 7. 

3.3.3 Alternative No. 3 and 4  
Are the same with respects to bank stabilization alignment along Santa Clara River.  Differences between 
alternatives 3 and 4 only occur along the tributaries, therefore in this remainder of this report these 
alternatives will be analyzed together.  Both alternatives have two bridges, one at Commerce Center 
Drive and Long Canyon.  The size and design of the bridges are the same for both alternatives 3 and 4, 
as well as Alternative 2.  The soil cement alignment is the same as Alternative 2 except at Potrero where 
no bridge is proposed.  As a result, the southern abutment is removed completely and the northern 
abutment has become incorporated into the north-bank soil cement.  Approximately 18,115 and 7,743 
feet of bank protection soil cement are placed on the north and south channel banks, respectively. A plan 
view with bank stabilization is shown in Figure 3.4a.     

3.3.4 Alternative No. 5  
Condition has the same three bridges and soil cement alignment as proposed in Alternative 2 except at 
the Potrero confluence. The north bank abutment has been pulled back from the River to reduce 
jurisdictional impacts and the south bank abutment has been removed.  The Potrero Bridge in this 
alternative is approximately 2,382 feet long with twelve 3-foot wide piers in the channel.  Approximately 
18,324 and 7,742 feet of bank protection soil cement are placed on the north and south channel banks, 
respectively. A plan view with bank stabilization is shown in Figure 3.5a.     

3.3.5 Alternative No. 6  
Does not include the Commerce Center Drive Bridge, however, the Long Bridge is as proposed as in 
Alternative 2.  The Potrero Bridge is pulled back on the north bank further than in Alternative 5 and the 
south bank abutment has been removed.   The soil cement bank protection has the same alignment as in 
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Alternative 2 except the south bank abutments at Commerce Center Drive and Potrero have been 
removed, and the north bank abutment at Potrero has been pulled back to avoid permanent impacts, as 
described above.  The Potrero Bridge in this alternative is approximately 2,395 feet long with twelve 3-
foot wide piers in the channel. The Long Canyon Bridge is approximately 968 feet long with nine 3-foot 
wide piers in the channel Approximately 18,238 and 7,149 feet of bank protection soil cement are placed 
on the north and south channel banks, respectively. A plan view with bank stabilization is shown in Figure 
3.6a.        

3.3.6 Alternative No. 7 (Avoidance Alternative) 
Proposed bank stabilization locations were designed to avoid U.S. Army Corps of Engineers and 
California Department of Fish and Game jurisdictional areas and the canyon was left to its natural 
condition for this alternative.  Since the bank stabilization locations were designed to avoid these 
jurisdictional areas and were far enough from the existing conditions floodplain boundaries, very few 
changes were made to the alternative 1 (existing condition) HEC-RAS model for this condition.   
 
This alternative has no bridge at Commerce Center Drive or at Potrero, and the bridge at Long Canyon 
has been extended.  Additionally, the bank stabilization for the western half of the Landmark project site 
has been pulled back from the existing conditions 100-year floodplain and California Department of Fish 
and Game jurisdictional limit to avoid permanent impacts.  The Long Canyon Bridge is approximately 
2,630 feet long with nine 3-foot wide piers in the channel.  Approximately 16,794 feet and 8,089 feet of 
bank protection soil cement are placed on the north and south channel banks. A plan view with bank 
stabilization is shown in Figure 3.7a. The TRM for this alternative is approximately 6,500 feet as it is 
placed to section 23975 upstream of Potrero Bridge. 
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4  Watershed Hydrology 

4.1 Hydrology Background and Methodology 

4.1.1 Los Angeles County Criteria 
The Flood Control Division of the Los Angeles County Department of Public Works (LACDPW) regulates 
storm runoff protection.  The LACDPW issued a 1986 memorandum entitled, “Level of Flood Protection 
and Drainage Protection Standards” for development projects in Los Angeles County.  The memorandum 
established Los Angeles County policy on levels of flood protection and requires that the following 
facilities be designed for the Capital Flood: all facilities not under State of California jurisdiction that 
intercept flood waters from natural drainage courses; all areas mapped as floodways; all facilities that are 
constructed to drain natural depressions or sumps; and all culverts under major and secondary highways.  
All facilities in developed areas that are not covered by the Capital Flood protection conditions must be 
designed for the Urban Flood, or runoff from a 25-year frequency design storm.   

 
In addition to meeting this required level of flood protection, all development in the River watershed must 
meet standards adopted by the LACDPW for the River and its major tributaries. (See, County 
Sedimentation Manual, pp. 2-2 to 2-6)  Further, properties adjacent to the River that include 
improvements along and across a segment of the River (including the Project) must meet the standards 
adopted in the Newhall Ranch Program EIR and Revised Additional Analysis, Volume VIII (May 2003).  

4.1.2 Explanation of the County Capital Flood 
In 1931, the Los Angeles County Flood Control District (LACFCD) (now, the Flood Control Division of the 
County’s Department of Public Works) began development of a comprehensive plan of flood control 
facilities to collect and convey flows from the mountainous canyons, the alluvial fans, and the urbanized 
coastal plain. 
 
The major needs in designing the system were reduction of damage due to high canyon flows, 
conveyance of large volumes of water in a major storm, and ability to meet future flood control needs.  
The design of the flood protection system for the County is based on the Department of Public Works’ 
Capital Flood hydrology. 
 
The Department’s Capital Flood (or QCAP) hydrology is based on a “design,” or theoretical storm event 
that is derived from 50-year frequency rainfall values and is patterned after actual major extra-tropical 
storms observed in the Los Angeles region.  The 50-year frequency design storm is assumed to occur 
over a period of four days, with maximum rainfall occurring on the fourth day. 
 
Analysis of recorded major storms reveals that, during the 24-hour period of maximum rainfall, rainfall 
intensity typically increases during the first 70 to 90 percent of the period and decreases in the remaining 
time.  Furthermore, approximately 80 percent of the amount of the 24-hour rainfall occurs within the same 
70 to 90 percent of the period.  In developing the QCAP, the 50-year frequency design storm is assumed to 
fall on saturated soils.  In converting rainfall to runoff, rainfall that is not lost due to the hydrologic 
processes of interception, evaporation, transpiration, depression storage, infiltration, or percolation is 
assumed to be surface runoff.  The effect of snowfall or snowmelt on rainfall-runoff relationships is a 
consideration in only a very limited portion of the County (i.e., the higher elevations) where snowfall 
accumulates in winter. 

 
Another assumption made in developing a Capital Flood design flowrate is that some natural portions of 
the watershed have been burned by fire.  When a watershed burns, the soil infiltration rate decreases due 
to the loss of vegetation and physical changes in the soil.  The County has run field infiltrometer tests to 
quantify the effect that burning has on the coefficient of runoff.  The effect of burning the watershed can 
increase the design runoff rate from 10 percent to 20 percent. 
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The final factor in adjusting the Capital Flood design flowrate is referred to as a bulking factor.  In the area 
where a watershed is burned, the runoff would carry with it a large layer of eroded topsoil.  This sediment, 
along with the associated burned trees and brush, is referred to as debris.  In order to account for these 
quantities of debris, the design flowrate is artificially increased using a prescribed bulking factor, which is 
a function of not only soil type, but also the steepness of the terrain and the size of the drainage basin.  
The bulking factors for larger drainage basins range from about 1.20 to 1.50 or from 20 percent to 50 
percent over and above the burned flowrate. 
 
In September 2003, LACDPW revised the hydrologic method that accounts for fire effects on runoff 
computations.  In the previous practice, a completely burned watershed was assumed.  The current policy 
was updated to employ a statistical approach that relates historical fire data and vegetation recovery rates 
to changes in runoff coefficient of soil.  A fire factor (FF) has been developed to represent the effectively 
burned percentage of a given watershed.  This factor is used to adjust runoff coefficients for QCAP 
hydrology.  The FF adjusts the coefficient by indexing between an unburned and completely burned soil 
coefficient for a given soil.  This method has yet to be officially adopted by the County. 
 
In this report, the former capital discharge is used for analysis and comparison.  In design stages, the 
updated 2003 capital discharge will be employed.  Because the 2003 capital discharge is lower than the 
pre-2003 discharge rates, using the updated discharge values in the design phase will result in reduced 
calculated flood flows and a reduced calculated potential for flood-related impacts.   Using the former 
capital discharge is more conservative in determining impacts, and any changes in design of bank 
protection resulting from utilizing the updated capital discharge will only reduce the top of bank protection 
elevation and toe of the bank protection depth.  Using the more recent discharge rates will not have the 
potential to alter the location of the proposed bank improvements.  Final design of bank protection will 
adhere to LACDPW QCAP design standards. 

 
In summary, the County’s QCAP is based on a theoretical four-day storm event occurring right after the 
watershed has been burned with the resulting flowrate being increased again by a bulking factor; thereby 
yielding a peak flowrate that is 32 to 80 percent higher than a 50-year storm over an unburned-unbulked 
drainage basin.  The probability of the occurrence of all the theoretical assumptions identified in the 
County’s Capital Flood is extremely small, and yields greater design flows than the Federal Insurance 
Administration’s methodology for calculating the 100-year and 500-year floods.  As a result, the County’s 
methodology is more conservative than that of the Federal Emergency Management Agency.   
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5  Floodplain Hydraulics 

5.1 Floodplain Hydraulic Analysis Procedures 
Detailed water surface profile models were developed to analyze the hydraulics representative of the 
different channel systems generated in the alternative analysis for the project and establish the “baseline” 
floodplain for the natural river system.  The hydraulic models provide an accurate estimate of the actual 
flow depths and variation of different hydraulic parameters for a specific flowrate or steady state 
conditions using basic hydraulic principles.  These hydraulic models are very useful in assessing the 
changes within the floodplain, reflecting different sets of conditions that allow the impacts to be quantified.  
The procedures used in the development of the hydraulic models and adjusting the results into different 
formats more suitable for impact assessment.  A specialized technique was developed to illustrate one of 
the more critical hydraulic characteristic parameters, velocity, in a two-dimension format, providing a map 
of the floodplain area that shows horizontal variations of velocity.  The results allow quantifying the total 
area of different “iso-velocity” contours or areas of similar velocity for both the existing and developed 
alternative floodplain conditions.  This two dimensional analysis and application of the conventional 
hydraulic parameters from the water surface profile models provide an accurate assessment of the 
floodplain hydraulic operation.  Detailed calculated data for over 80 hydraulic parameters characteristic of 
each individual cross-section are available as output from the computations performed by the HEC-RAS 
model.  The general procedures used in the hydraulic model formation and associated hydraulic analyses 
included the following tasks: 
 

1. Existing natural floodplain digital cross-section geometry –  Channel hydraulics are calculated at 
representative cross-section locations along the river system and these cross sections are 
described by their physical geometry using data point or coordinates.  The cross-sections are 
located at regular interval spacing and were located digitally on the topographic mapping.  CAD 
routines would determine the coordinates for the points along the cross-section and export the 
data in a HEC-2 format file.  The HEC-2 format file was converted into a HEC-RAS file.  The 
HEC-RAS was corrected to include the required lengths along the channel and overbanks, as 
well as locating the main channel bank station markers. 

2. Existing variable roughness values – Horizontal variation of the roughness within the natural 
floodplain cross-section was estimated from field ground photos and from color aerial 
photographs of the floodplain.  The distribution of roughness within the cross-section was input 
into the HEC-RAS model. 

3. Digital floodplain boundary determination – The floodplain boundary was analyzed in BOSS-RMS, 
which can provide a digital floodplain boundary mapped in CAD.  This particular element was 
important for the velocity distribution mapping process. 

4. Cross-section velocity distribution – Each individual cross-section velocity distribution was 
computed within HEC-RAS and the data output. 

5. Velocity distribution coordinates – The coordinates of the horizontal velocity variation within each 
cross-section was determined based on the individual velocity distribution plots within HEC-RAS.  
Each data point coordinate included an “x” and “y” value as well as magnitude of velocity. 

6. Import floodplain boundary and velocity distribution into CAD/GIS – The coordinate files were 
imported in the CAD/GIS civil mapping package for Land Development Desktop, which can 
develop topographic contour maps from digital coordinates.  The digital floodplain boundary was 
required to set a boundary for the topographic map generation and a zero velocity boundary. 

7. Velocity distribution map preparation – The velocity distribution contour mapping was generated 
within the Land Development Desktop (LDD) GIS software, however, the data had to be 
manipulated for input. 
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8. Adjustment of mapping uncertainties – The results of the CAD generated map of velocity contours 
had to be inspected because the program would make many interpolations, which were not 
correct.  These anomalies were adjusted manually through interpreting the original HEC-RAS 
output and the horizontal mapping information.  These adjustments included modification of the 
digital floodplain boundary, which would sometimes create islands of water or cutoff small fringes 
in the floodplain. 

9. Alternative channel system invert profile generation – Channel profiles were required to be 
developed for each proposed alternative channel system since there proposed channels would 
require stabilization and modification of the streambed slope.  In some areas, the channel bank 
stabilization encroached or blocks the existing thalweg. 

10. Alternative layout plan – Layouts were required of the plan view geometry for each alternative 
channel system and horizontal alignment of the bank stabilization systems. 

11. Digital floodplain cross-section geometry –Digital cross-sections were obtained from a new layout 
of cross-sections on the DTM for the proposed channel systems where BOSS-RMS was used to 
develop the data points of the geometry for each cross-section similar to the existing conditions 
process. 

12. Alternative channel HEC-RAS modeling and velocity distribution mapping – Digital floodplain 
boundaries were generated in BOSS-RMS and the velocity distribution mapping for the proposed 
condition was prepared similar to the existing conditions analysis. 

5.2 HEC- RAS (River Analysis System) Hydraulic Model 
The US Army Corps of Engineers (ACOE) HEC-RAS water surface profile model was used to analyze the 
existing natural River floodplain and proposed flood control improvements for variations in different 
hydraulic characteristic parameters.  HEC-RAS is a rigid boundary hydraulic model that assumes the 
channel bed or invert does not fluctuate although all the floodplain systems considered are actually fluvial 
systems with moveable alluvial streambeds.  A sediment transport analysis was performed to assess the 
sediment transport capacity of different reaches of the floodplain as an indicator or relative stream 
stability and is described in more detail in Section 6 – Stream Stability and Floodplain Operation.  The 
HEC-RAS model is a comprehensive program that is intended for calculating water surface profile 
hydraulics for steady/unsteady and gradually varied flow in natural and manmade channels. It is the 
primary tool used in the industry to evaluate the hydraulics of floodplain and floodplain mapping studies.  
The steady flow component is the process used for the current study and is capable of modeling 
subcritical, supercritical, and mixed flowrate surface profile regimes.  The basic computational procedure 
is based on the solution of the on dimensional energy equation.  Energy losses are evaluated by friction 
and contraction / expansion.  The momentum equation is utilized in situations where the water surface 
profile is rapidly varied.  The effects of various obstructions such as bridges and structures within the 
floodplain may be considered in the computation.  HEC-RAS and current mapping programs allow 
detailed cross-section geometry to be obtained directly from digital topographic mapping which enhances 
the level of accuracy in describing the floodplain characteristics.   

5.3 Hydraulic Model Assumptions and Parameters 
The following guidelines, input data sources, and assumptions were used to develop the various hydraulic 
analyses with the HEC-RAS model: 
 

• Channel Cross-Section Data: The data describing the channel cross-section geometry was 
obtained digitally from digital terrain models of topographic data representing the natural existing 
River system or the proposed grading of the alternative channel systems.  Cross-sections were 
digitally oriented on the electronic mapping by BOSS-RMS exporting the data to HEC data and 
the distances between cross-sections adjusted, channel bank marker stations determined, and 
the horizontal variation of the Manning’s roughness coefficients determined.  The “proposed 
conditions” channel systems required that digital grading designs be generated in CAD and then 
the cross-sections data obtained.  The digital grading plan was also required so that a digital 
floodplain boundary could be generated as part of the velocity distribution mapping. 
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• Rigid Boundary Model: HEC-RAS is a rigid boundary hydraulic model which assumes that the 

channel does not move or erode, but will remain with a fixed geometry.  However, the channel is 
an alluvial stream system which is subject to both vertical and horizontal variation of the channel 
geometry.  This assumption of a fixed bed is sufficient to assess the changes in the hydraulic 
parameters for different channel conditions and comparison purposes of the hydraulic operation.  
This analysis allows the assumption of a fixed set of conditions between the various alternatives 
to assess the different hydraulic operation characteristics and the potential for variation of the 
streambed can be evaluated through sediment transport analysis. 

 
• Cross-Section Interval Spacing: The cross-sections were oriented to the perpendicular to the 

anticipated direction of flow and were spaced approximately 200 to 300 feet apart.  Shorter 
intervals were used when there were unusual variations in the geometry which should be included 
and would not be representative of averaging between the normally spaced sections. 

 
• Channel Roughness: Proper selection of the manning roughness coefficient is one of the more 

critical and subjective elements describing the hydraulics.  The selection of the appropriate 
Manning’s roughness coefficient was performed based on (1) field observation and inspection of 
the existing floodplain conditions, (2) color aerial photographs, (3) field ground photographs of 
representative locations along the natural River corridor, (4) comparison to published guidelines 
for roughness selection based on similar ground photographs corresponding to representative 
cross-sections, and (5) calculation of the Manning’s coefficient within the floodplain based on the 
application of Cowan’s additive procedure (Chow, 1959) of five different parameters that include a 
base value, surface irregularities, variations in shape, obstructions, vegetation, and meandering.  
The Manning’s roughness coefficient was varied horizontally within the cross-section based on 
vegetative patterns and density.  The proposed channel systems assumed the same vegetation 
density and patterns so the similar Manning’s roughness values were used at identical cross-
section locations compared to the natural channel since the precise roughness in the future can 
not be accurately predicted.  Manning’s values used in this study are shown in Table 5.3. 

 
• Flow Regime: The hydraulic analyses were performed in a “mixed flow” regime which allows both 

subcritical and supercritical flow conditions to occur.  This would reflect the actual conditions that 
would naturally occur in the hydraulic system and allow a more accurate comparison of the 
baseline existing floodplain to alternative channel systems without being influenced by forcing a 
specific single hydraulic regime.  

 
• Starting Water Surface Elevations: Starting water surface elevations are required as boundary 

conditions at both the upstream and downstream limits of the model since the hydraulics were 
being analyzed in a “mixed flow” regime.  The initial upstream depth was based on a “normal 
depth” or slope-area method, utilizing the natural upstream slope of the existing streambed 
beyond the study limits.  The corresponding maximum water surface at the junction of the Santa 
Clara River was used as the downstream boundary conditions, but this did not generally influence 
the upstream hydraulic since the culvert at the 126 freeway usually dominated the hydraulics. 

 
• Study Limits: The hydraulic model extended approximately 500 feet upstream of the Newhall 

Ranch property boundary in order to evaluate hydraulic effects beyond the project boundary. 
 
• Channel Invert Elevations: The vertical elevations of the streambed or minimum elevation within 

each cross-section reflected the profile for either the (1) existing natural streambed, or (2) 
proposed graded channel invert elevation.  The proposed grading incorporated the installation of 
grade stabilization structures along the channel system and resulted in the flattening of the 
channel grade to compensate for the change in the channel geometry from the natural condition 
and reduced sediment supply from the adjacent development areas. 

 



 

Santa Clara River 5-4  
Floodplain Hydraulic Impacts Assessment - #7104E  

• Flowrates – Multi-Discharge Analysis: An evaluation of the hydraulic effects and characteristics 
from various flood frequencies or storm return periods was developed through a multi-discharge 
analysis of six different discharges reflecting return periods developed from the HEC-1 analysis 
of the 2- through 100-year and QCAP events.  The “existing” condition flowrate was only used in 
the natural floodplain conditions model while the larger “developed” flowrates were used in the 
proposed project and all the alternative channel systems.  The analysis was performed for “steady 
flow” conditions reflecting the maximum discharge or single point on the flood hydrograph.  
Variation of the flowrates occurred along the channel to reflect change in the total drainage area 
and the junction of smaller tributary streams.  In addition, the floodplain models were run with 
previous estimates of the “capital flood” discharge to ensure that the proposed channel systems 
did not overtop since these values exceeded the 100-year discharge.   

5.4 Channel Hydraulic Conditions Modeled 
A variety of floodplain hydraulic models were developed using both HEC-RAS and HEC-RMS.  The HEC-
RMS model is a proprietary version of HEC-RAS published by Boss International and was specified used 
because of its capabilities of digitally mapping the floodplain boundary which HEC-RAS cannot provide.  
Five different floodplain models were developed reflecting the five different floodplain geometries which 
include (1) natural or existing baseline conditions, (2) avoidance alternative, (3) proposed project, (4) 
alternative No. 1, and (5) alternative No. 2.  All of these alternatives were analyzed for the six different 
flowrates corresponding to the six different return periods.  

5.4.1 Alternative No. 1 (Existing Condition) 
The natural topography within the Santa Clara River was used to develop the floodplain boundaries for 
the 2-, 5-, 10-, 20-, 50-, 100-year and QCAP return periods for this condition.  About 200 cross-sections 
were cut along the length of the reach, approximately 200 feet apart on average. The 100-year floodplain 
reaches an average bottom width of 404 feet which is consistent between the other alternatives as 
proposed grading only occurs at the banks. The 100-year floodplain reaches an average top width of 
about 1236 feet.  

5.4.2 Alternative No. 2 (Proposed Project)  
A trapezoidal channel design is proposed for much of the River.  Bank stabilization is designed at various 
locations for both the north and south sides of the channel.  Three bridges will be placed with deck widths 
ranging from approximately 84 to 100 feet.  The average top width is decreased to 1092 feet for the 100-
year event.   

5.4.3 Alternative No. 3 and 4 
The 100-year floodplain average top width is decreased, but only to approximately 1119 ft. 

5.4.4 Alternative No. 5 
Similar to the proposed project channel system, the 100-year floodplain average top width is decreased to 
approximately 1065 feet. 

5.4.5 Alternative No. 6 
Minor changes were made to the grading of the fifth alternative, resulting in the 100-year floodplain 
average top width of about 1079 feet.  

5.4.6 Alternative No. 7 (Avoidance Condition)   
Since the bank stabilization locations were designed to avoid these jurisdictional areas and were far 
enough from the existing conditions floodplain boundaries, very few changes were made to the alternative 
1 (existing condition) HEC-RAS model for this condition.  The 100-year floodplain reaches an average top 
width of about 1234 feet which is almost identical with the average top width of alternative 1 (existing 
condition).    
 



 

Santa Clara River 5-5  
Floodplain Hydraulic Impacts Assessment - #7104E  

5.5 River Existing Conditions 

5.5.1 Drainage Areas and Watercourses 
The Santa Clara River traverses the Newhall site, which is located within a contributing drainage of 644 
square mile Santa Clara River watershed basin.  Rainfall in the tributary area is an annual average of 17 
inches and generally occurs in the winter months.  Runoff flows to and through six contributing drainage 
areas on the site via sheet flows and natural concentrated flows. 

5.5.2 Santa Clara River 
The reach of the Santa Clara River adjacent to the Project site has intermittent surface flows created by 
larger storm events.  Perennial flows are created by tertiary treated effluent discharges from two upstream 
water reclamation plants operated by the County Sanitation Districts of Los Angeles County, and by 
urban runoff.  Natural flows in the River only occur in the winter due to storm runoff.  The flows vary 
significantly from year-to-year.  The flow line of the River is currently along the southerly bank. 

 
The reach of the River within and adjacent to the Project site has multiple channels (braided).  This kind 
of system is characterized by high sediment loads, high bank erodibility, and intense and intermittent 
runoff conditions.  Combined with the relatively flat gradient of the River at this point (less than one 
percent), the River has a high potential to aggrade (deposit sediment) at low flow velocities. 
 
Velocities and water surface elevations in the River vary from section-to-section based on various 
hydraulic and hydrologic parameters.  In general, velocity and depth along the River will increase with 
higher discharge.   

 
Table 5-1 - Existing River Flow Downstream of Castaic Creek 

 

Recurrence Interval Flow (Discharge) Rate (cfs)

2-Year¹ 2,527
5-Year¹ 8,232
10-Year¹ 14,942
20-Year¹ 24,157
50-Year¹ 41,141
100-Year¹ 58,207

Capital Flood2,3 163,000
Capital Flood2 140,776

3  Q CAP  used in the SPEIR

¹Existing flows from United States Army Corps of Engineers, Santa Clara River 
Adopted Discharge Frequency Values.  Adopted May 3, 1994 by the United 
States Army Corps of Engineers, the Ventura County Flood Control Department 
²LADPW Published Capital Flood Design Flows

 

5.6 Santa Clara River Hydraulics 
The modeling prepared for the Project is consistent with that prepared for the Newhall Ranch Specific 
Plan. There exists consistency between the Specific Plan analysis and with the analysis of the proposed 
Project as the models are consistent specifically because the proposed improvements are similar.  
Discharges include the 0.5 (2-year), 0.2 (5-year), 0.1 (10-year), 0.05 (20-year), 0.02 (50-year), and 0.01 
(100-year) annual probability return periods.  The numerical modeling includes velocity distributions for 
just over 200 River cross-sections.  Manning’s roughness values for the model bed were taken from 
analysis of aerial photography of the Project site, and vary horizontally along each model cross-section.  
The alternative 2 (proposed) conditions analysis was conducted by modifying the alternative 1 (existing) 
conditions model such that bank protection, described below, was placed within the model as 



 

Santa Clara River 5-6  
Floodplain Hydraulic Impacts Assessment - #7104E  

encroaching levees.  The impacts of the bridge are not included as a part of the numerical modeling 
analysis, and are expected to be covered in final bridge design. 
 
Alternatives models 3 to 6 for the River were created by modifying alternative 2 (proposed project) cross-
section geometrics of the River to simulate the hydraulic effects of the proposed Project soil cement, 
erosion protection, including the Bridge abutments and piers.  The encroachment due to the soil cement 
was conservatively approximated with levees in the hydraulic model (model levees set at equivalent 
elevation on slope of channel invert).  The modeling of proposed Bridge spans, soil cement banks, pier 
spacing, and abutment locations are based on the LACDPW design divisions location, span and 
clearance plans which is consistent with the Newhall Ranch Revised Additional Analysis, Volume VIII 
(May 2003).  For modeling and impact analysis consideration, these conservative bridge configurations 
would have the greatest impact on River hydraulics.  It should be pointed out that the present analysis is 
based on the Project-specific design details, not assumptions from the previous Newhall Ranch Specific 
Plan evaluation. 

 
Existing Santa Clara River discharge rates for the 2-, 5-, 10-, 20-, 50-, and 100-year storm events were 
obtained from a 1994 U.S. ACOE study entitled, Santa Clara River Adopted Discharge Frequency 
Values.  This study is based upon a frequency analysis of stream flow data along the Santa Clara River 
and, therefore, approximates River flows from observed data.  These values are presented in Table 5.2.  
It is important to note that these values include discharges from upstream tributaries and direct runoff 
from the watershed. 
 
Recurrence intervals included in the analysis were obtained from the 1994 study; the seventh Los 
Angeles County Capital flood is referenced from the previously published LACDPW ML Maps 43-ML-24 
and 43-ML-25.  This published QCAP flowrate from LACDPW was recently revised downward.  For 
comparison purposes, the Existing and Existing modified with Project conditions will be evaluated with 
previously published QCAP, but the final design of bank protection will utilize the newest values. 

 
Table 5-2 - Santa Clara River Existing Conditions Discharge By Return Period (cfs) 

 
Location Station 2-year 5-year 10-year 20-year 50-year 100-year Qcap

DS Commerce Center Drive 40825 1,720 5,240 9,490 15,600 27,500 40,300 115,111
At Castaic Cr. Confluence 36080 2,527 8,232 14,942 24,157 41,141 58,207 116,236
DS Chiquito Cr. Confluence 32265 2,558 8,333 15,126 24,453 41,646 58,922 140,776
At Grande Cyn. Cr. Confluence 22195 2,581 8,408 15,263 24,675 42,025 59,457 141,426
DS Protrero Cr. Confluence 15125 2,600 8,480 15,400 24,900 42,400 60,000 142,475

 
 

 As stated previously, build-out condition parameters are not addressed in this report, because they were 
analyzed previously in the Newhall Ranch Specific Plan EIR, inclusive of the Revised Additional Analysis, 
and there have been no significant changes to the Specific Plan or its circumstances, which would 
warrant a reanalysis of the prior program-level assessment conducted for the entire Specific Plan area 
(which includes the Project site).   
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Table 5-3 - Hydraulic Roughness Coefficients 
 

Vegetation/Land Use
Calculated Manning's 

Roughness
Coefficient

Reference Manning's 
Coefficient

(Chow 1959)
Sand with no vegetation 0.025 0.025-0.033
Sand with Sporadic Growth/Grass Pasture 0.035 0.03-0.05
Scattered Brush/Heavy Weeds/Light Brush and Trees 0.05 0.035-0.07
Dense trees 0.15 0.11-0.20

 
Three minor changes to the Project buried soil cement are addressed in this report.  These changes 
include: (1) modifications to the tie-in at Chiquito Canyon River; (2) avoidance of jurisdictional areas near 
the proposed central park area in the Project site; and (3) a minor realignment of the soil cement both up- 
and downstream of the Long Canyon Road Bridge.  All three of the bank position modifications are cases 
in which flood protection is pulled further back from the location (i.e., farther away from the River) than 
analyzed in the Newhall Ranch Revised Additional Analysis, Volume VIII (May 2003).  

5.7 Results of Floodplain Hydraulic Analysis 
Selected results from the floodplain hydraulic analyses for each of the five different channel systems 
investigated are included in summary tables in the following sections.  Additional information of other 
hydraulic parameters at each cross-section along the floodplain model is also contained in the models 
and was used to develop the information for the summary tables.  The summary results have been 
provided in the following format to assist in characterizing the hydraulic operation of the floodplain which 
include: (1) summary table for select hydraulic parameters using channel length weighted values, (2) 
hydraulic characteristics at five representative cross-sections at different location along the channel, (3) 
plot of velocity variation along the channel profile for the five different conditions, (4) water surface profile 
plot of the existing floodplain, (5) velocity distribution mapping of the proposed channel systems and 
existing floodplain, and (6) statistics associated with the velocity mapping indicating the quantity of area 
for each velocity increment within the floodplain. 

5.7.1 Definition of Representative Hydraulic Parameters 
The following are general definitions of some of the commonly used hydraulic parameters that are useful 
in characterizing the hydraulic operation of a channel system and these parameters have been estimated 
for the assessment of the different floodplain conditions. 

 
Maximum channel flow depth – The difference between the lowest point in the cross-section and the 
water surface elevation. 

 
Friction slope – Value of the energy gradient and is a strong indicator of conveyance related through the 
Section Factor (Z). 
 
Average velocity – This represents the flowrate divided by the total cross-section flow area.  The average 
velocity of the cross-section does not indicate the variation of velocity that generally occurs between the 
main channel and the overbanks or in locations of higher or lower roughness values varying across the 
section. 
 
Channel average velocity – The flowrate in the portion of the floodplain defined to be the main channel or 
excluding the right and left overbank areas.  The flowrate in the main channel is divided by the  
 
Flow area – The amount of area perpendicular to the direction of flow and within the cross-section that 
the water is flowing. 
 
Top width – Distance from one side of the channel to the other at the edge of the floodplain. 
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Shear Stress – Hydraulic radius multiplied by the friction slope and unit weight of water where the 
hydraulic radius in the flow area divided by the depth.  
 
Stream Power – Shear stress multiplied by the velocity.  This parameter is the strongest indicator of 
erosion thresholds or sediment transport when compared to shear stress and velocity alone. 

5.7.2 Estimated Average Floodplain Hydraulic Parameters 
 

Table 5-4 - Summary of Channel Average Hydraulic Parameters 
 

Return Max. Flow Average Friction Flow Area Top Width Total
Interval Depth Velocity Slope (sq. ft.) (ft) Shear
(years) (ft) (fps) (ps f)

Alt.1 (Exis ting) 2 3.3 4.5 0.0053 774.2 404.2 0.7
Alt.1 (Exis ting) 5 5.1 5.8 0.0053 1585.2 520.3 1.2
Alt.1 (Exis ting) 10 6.5 6.6 0.0052 2423.6 614.0 1.5
Alt.1 (Exis ting) 20 8.0 6.9 0.0052 3658.7 887.0 1.6
Alt.1 (Exis ting) 50 9.8 7.5 0.0051 5581.5 1131.1 1.8
Alt.1 (Exis ting) 100 11.3 8.0 0.0051 7283.6 1236.1 2.1
Alt.1 (Exis ting) Qcap 16.4 9.1 0.0046 14403.8 1480.2 3.0
Alt.2 (Project) 2 3.3 4.5 0.0053 774.1 403.9 0.7
Alt.2 (Project) 5 5.1 5.8 0.0053 1574.8 520.0 1.1
Alt.2 (Project) 10 6.5 6.7 0.0052 2414.1 610.2 1.5
Alt.2 (Project) 20 8.0 7.1 0.0052 3581.5 799.3 1.7
Alt.2 (Project) 50 10.2 7.4 0.0051 5668.2 985.2 2.1
Alt.2 (Project) 100 11.9 7.8 0.0051 7489.4 1093.4 2.4
Alt.2 (Project) Qcap 17.2 9.4 0.0046 13826.1 1245.7 3.5
Alt.3 & Alt.4 2 3.3 4.5 0.0053 771.4 404.5 0.7
Alt.3 & Alt.4 5 5.1 5.9 0.0053 1574.9 520.6 1.1
Alt.3 & Alt.4 10 6.5 6.7 0.0052 2404.3 610.2 1.5
Alt.3 & Alt.4 20 7.9 7.1 0.0052 3550.3 805.9 1.7
Alt.3 & Alt.4 50 10.1 7.4 0.0052 5633.6 1006.1 2.1
Alt.3 & Alt.4 100 11.8 7.8 0.0052 7470.2 1114.4 2.4
Alt.3 & Alt.4 Qcap 17.1 9.4 0.0046 13894.6 1273.6 3.5

Alt.5 2 3.4 4.4 0.0053 777.7 406.7 0.7
Alt.5 5 5.1 5.8 0.0053 1583.5 524.3 1.1
Alt.5 10 6.5 6.7 0.0052 2419.0 614.1 1.5
Alt.5 20 8.0 7.1 0.0052 3563.2 790.3 1.7
Alt.5 50 10.2 7.3 0.0052 5690.4 995.8 2.0
Alt.5 100 11.7 8.0 0.0051 7280.9 1065.2 2.4
Alt.5 Qcap 17.2 9.4 0.0046 13799.2 1252.4 3.5
Alt.6 2 3.4 4.4 0.0053 778.1 406.2 0.7
Alt.6 5 5.1 5.8 0.0053 1585.9 524.9 1.1
Alt.6 10 6.5 6.6 0.0052 2428.9 618.6 1.5
Alt.6 20 8.0 7.1 0.0052 3570.3 793.0 1.7
Alt.6 50 10.2 7.4 0.0052 5666.5 992.7 2.1
Alt.6 100 11.8 7.9 0.0051 7327.5 1078.7 2.4
Alt.6 Qcap 17.1 9.4 0.0046 13747.4 1249.7 3.5

Alt.7 (Avoidance) 2 3.3 4.4 0.0054 776.8 405.2 0.7
Alt.7 (Avoidance) 5 5.1 5.8 0.0053 1590.5 520.7 1.2
Alt.7 (Avoidance) 10 6.5 6.6 0.0052 2425.6 612.9 1.5
Alt.7 (Avoidance) 20 8.0 6.9 0.0052 3624.3 875.1 1.6
Alt.7 (Avoidance) 50 9.9 7.5 0.0052 5519.5 1133.7 1.9
Alt.7 (Avoidance) 100 11.4 8.1 0.0051 7096.4 1233.9 2.2
Alt.7 (Avoidance) Qcap 16.7 9.3 0.0046 13956.5 1473.7 3.2

Condition
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Table 5-5A - 2-Year Reach-by-Reach Average Hydraulic Parameters 
 

Alt Reach River Max Depth Avg. 
Velocity

Friction 
Slope Area Top 

Width
Total 
Shear

No. Sta. to Sta. (ft) (fps) (ft/ft) (sq.ft.) (ft) (psf)
1 SRA3 40825-38925 2.7 3.0 0.0055 603.3 321.4 0.71
1 SRA4 38710-36240 2.4 2.7 0.0055 690.6 448.6 0.54
1 SRB1 36080-34090 2.7 3.4 0.0057 789.4 449.9 0.69
1 SRB2 33880-32605 2.6 3.1 0.0059 858.8 646.9 0.52
1 SRC1 32265-29385 3.1 3.5 0.0052 790.7 410.9 0.70
1 SRC2 29140-27155 2.8 3.6 0.0056 755.1 336.4 0.90
1 SRC3 26990-25000 2.6 4.2 0.0055 634.7 409.9 0.56
1 SRC4 24795-22415 2.7 4.8 0.0050 550.7 336.7 0.62
1 SRD1 22195-20070 2.6 4.6 0.0050 599.6 337.1 0.61
1 SRD2 19855-17785 2.3 4.5 0.0054 597.0 384.0 0.57
1 SRD3 17510-15335 2.3 5.4 0.0051 492.3 268.7 0.69
1 SRE1 15125-13190 2.2 4.5 0.0057 595.0 379.3 0.60
1 SRE2 13030-11180 1.7 4.0 0.0050 708.9 587.0 0.56
1 SRE3 11015-9025 2.2 4.1 0.0053 636.1 499.2 0.42
1 N/A 3080-1000 3.1 4.4 0.0050 652.2 360.9 0.77
2 SRA3 40825-38925 2.7 3.0 0.0055 603.3 321.4 0.71
2 SRA4 38710-36240 2.4 2.7 0.0056 689.5 447.6 0.55
2 SRB1 36080-34090 2.7 3.4 0.0057 789.4 449.9 0.69
2 SRB2 33880-32605 2.6 3.1 0.0059 858.8 646.9 0.52
2 SRC1 32265-29385 3.2 3.5 0.0051 804.7 413.2 0.70
2 SRC2 29140-27155 2.9 3.4 0.0058 770.9 338.7 1.02
2 SRC3 26990-25000 2.6 4.2 0.0055 634.9 410.1 0.56
2 SRC4 24795-22415 2.6 4.8 0.0049 550.5 337.8 0.61
2 SRD1 22195-20070 2.6 4.6 0.0050 599.6 337.1 0.61
2 SRD2 19855-17785 2.3 4.5 0.0054 596.9 384.0 0.57
2 SRD3 17510-15335 2.3 5.5 0.0050 487.8 259.2 0.71
2 SRE1 15125-13190 2.2 4.5 0.0057 595.0 379.3 0.60
2 SRE2 13030-11180 1.7 4.0 0.0050 708.9 587.0 0.56
2 SRE3 11015-9025 2.2 4.1 0.0053 636.1 499.2 0.42
2 N/A 3080-1000 3.1 4.4 0.0050 652.3 361.0 0.77  



 

Santa Clara River 5-10  
Floodplain Hydraulic Impacts Assessment - #7104E  

Table 5.5B - 5-Year Reach-by-Reach Average Hydraulic Parameters 
 

Alt Reach River Max Depth Avg. 
Velocity

Friction 
Slope Area Top 

Width
Total 
Shear

No. Sta. to Sta. (ft) (fps) (ft/ft) (sq.ft.) (ft) (psf)
1 SRA3 40825-38925 4.7 4.0 0.0055 1323.2 399.6 1.21
1 SRA4 38710-36240 4.2 3.5 0.0051 1621.8 607.1 0.80
1 SRB1 36080-34090 4.7 4.7 0.0062 1811.0 603.1 1.24
1 SRB2 33880-32605 4.1 4.5 0.0055 1874.0 684.4 0.99
1 SRC1 32265-29385 5.4 4.7 0.0046 1964.9 613.0 0.98
1 SRC2 29140-27155 5.3 5.3 0.0066 1611.3 373.0 2.00
1 SRC3 26990-25000 4.3 6.0 0.0053 1425.1 521.8 0.97
1 SRC4 24795-22415 4.5 7.0 0.0050 1210.2 385.6 1.08
1 SRD1 22195-20070 4.2 5.6 0.0053 1575.3 625.0 0.94
1 SRD2 19855-17785 4.3 5.9 0.0049 1449.7 457.9 1.05
1 SRD3 17510-15335 4.3 8.2 0.0054 1049.9 294.0 1.29
1 SRE1 15125-13190 3.7 5.9 0.0057 1442.2 622.7 0.82
1 SRE2 13030-11180 3.0 5.8 0.0051 1535.0 676.3 0.85
1 SRE3 11015-9025 3.6 6.1 0.0053 1392.7 629.0 0.76
1 N/A 3080-1000 5.6 5.7 0.0049 1691.7 504.0 1.44
2 SRA3 40825-38925 4.7 4.0 0.0055 1323.9 399.8 1.21
2 SRA4 38710-36240 4.2 3.5 0.0051 1620.6 605.9 0.80
2 SRB1 36080-34090 4.7 4.7 0.0062 1811.0 603.1 1.24
2 SRB2 33880-32605 4.1 4.5 0.0055 1874.0 684.4 0.99
2 SRC1 32265-29385 5.3 4.7 0.0045 1945.2 611.8 0.96
2 SRC2 29140-27155 5.3 5.3 0.0066 1595.5 374.6 1.96
2 SRC3 26990-25000 4.3 6.0 0.0053 1425.5 522.1 0.97
2 SRC4 24795-22415 4.4 7.0 0.0050 1214.4 393.0 1.06
2 SRD1 22195-20070 4.2 5.6 0.0053 1567.2 620.9 0.94
2 SRD2 19855-17785 4.3 5.9 0.0049 1456.7 458.6 1.05
2 SRD3 17510-15335 4.5 8.0 0.0048 1086.9 291.3 1.23
2 SRE1 15125-13190 3.7 5.9 0.0058 1452.1 623.2 0.83
2 SRE2 13030-11180 3.0 5.8 0.0051 1535.0 676.3 0.85
2 SRE3 11015-9025 3.6 6.1 0.0053 1392.6 628.9 0.76
2 N/A 3080-1000 5.6 5.7 0.0049 1692.0 504.8 1.44  



 

Santa Clara River 5-11  
Floodplain Hydraulic Impacts Assessment - #7104E  

Table 5.5C - 10-Year Reach-by-Reach Average Hydraulic Parameters 
 

Alt Reach River Max Depth Avg. 
Velocity

Friction 
Slope Area Top 

Width
Total 
Shear

No. Sta. to Sta. (ft) (fps) (ft/ft) (sq.ft.) (ft) (psf)
1 SRA3 40825-38925 6.5 4.2 0.0055 2291.2 606.9 1.40
1 SRA4 38710-36240 5.5 4.1 0.0049 2582.6 706.8 1.09
1 SRB1 36080-34090 6.1 5.6 0.0064 2741.8 696.3 1.67
1 SRB2 33880-32605 5.3 5.6 0.0053 2705.1 696.0 1.35
1 SRC1 32265-29385 7.8 5.0 0.0041 3774.1 770.7 1.20
1 SRC2 29140-27155 7.2 6.6 0.0073 2352.8 424.8 2.82
1 SRC3 26990-25000 5.6 7.4 0.0050 2097.6 536.6 1.40
1 SRC4 24795-22415 6.0 8.4 0.0051 1856.2 441.8 1.45
1 SRD1 22195-20070 5.4 6.8 0.0054 2354.9 736.4 1.17
1 SRD2 19855-17785 6.1 6.8 0.0043 2348.1 556.8 1.34
1 SRD3 17510-15335 6.0 9.8 0.0050 1624.1 359.9 1.64
1 SRE1 15125-13190 4.7 7.4 0.0058 2102.8 683.3 1.13
1 SRE2 13030-11180 4.1 6.8 0.0050 2362.4 801.9 1.02
1 SRE3 11015-9025 4.5 7.4 0.0053 2112.7 737.3 1.03
1 N/A 3080-1000 7.4 5.7 0.0049 2974.1 666.5 1.89
2 SRA3 40825-38925 6.5 4.2 0.0055 2291.1 606.6 1.40
2 SRA4 38710-36240 5.5 4.1 0.0049 2557.1 700.5 1.08
2 SRB1 36080-34090 6.1 5.6 0.0063 2749.3 686.5 1.66
2 SRB2 33880-32605 5.4 5.5 0.0055 2734.6 696.2 1.47
2 SRC1 32265-29385 7.7 5.1 0.0040 3709.0 772.0 1.18
2 SRC2 29140-27155 7.2 6.5 0.0073 2357.7 426.0 2.84
2 SRC3 26990-25000 5.6 7.4 0.0050 2095.9 532.5 1.41
2 SRC4 24795-22415 5.9 8.5 0.0052 1808.9 443.6 1.38
2 SRD1 22195-20070 5.4 6.8 0.0054 2336.7 709.6 1.18
2 SRD2 19855-17785 6.1 6.8 0.0043 2345.0 543.5 1.35
2 SRD3 17510-15335 6.3 9.5 0.0048 1678.8 341.5 1.58
2 SRE1 15125-13190 4.7 7.2 0.0058 2150.4 719.2 1.11
2 SRE2 13030-11180 4.1 6.8 0.0050 2362.7 801.9 1.02
2 SRE3 11015-9025 4.5 7.4 0.0053 2112.7 737.3 1.03
2 N/A 3080-1000 7.4 5.7 0.0049 3009.8 666.4 1.92  



 

Santa Clara River 5-12  
Floodplain Hydraulic Impacts Assessment - #7104E  

Table 5.5D - 20-Year Reach-by-Reach Average Hydraulic Parameters 
 

Alt Reach River Max Depth Avg. 
Velocity

Friction 
Slope Area Top 

Width
Total 
Shear

No. Sta. to Sta. (ft) (fps) (ft/ft) (sq.ft.) (ft) (psf)
1 SRA3 40825-38925 8.1 4.6 0.0056 3435.9 763.0 1.76
1 SRA4 38710-36240 7.0 4.6 0.0048 3766.0 800.2 1.37
1 SRB1 36080-34090 7.6 6.4 0.0065 3896.1 844.0 1.87
1 SRB2 33880-32605 6.9 6.3 0.0051 3941.7 848.3 1.69
1 SRC1 32265-29385 9.7 5.8 0.0038 5496.4 877.2 1.45
1 SRC2 29140-27155 9.1 7.9 0.0077 3162.4 445.0 3.75
1 SRC3 26990-25000 7.5 7.8 0.0047 3213.8 623.8 1.72
1 SRC4 24795-22415 7.4 8.1 0.0049 3079.4 1223.2 1.08
1 SRD1 22195-20070 6.6 7.6 0.0052 3335.4 960.3 1.33
1 SRD2 19855-17785 9.2 4.5 0.0034 5785.6 1435.9 0.93
1 SRD3 17510-15335 7.6 8.3 0.0060 3160.0 1147.1 1.66
1 SRE1 15125-13190 5.6 7.3 0.0057 3436.2 1414.6 0.89
1 SRE2 13030-11180 5.2 7.6 0.0047 3396.2 953.0 1.16
1 SRE3 11015-9025 5.5 8.3 0.0052 3047.7 975.6 1.13
1 N/A 3080-1000 9.2 6.3 0.0048 4407.3 800.4 1.99
2 SRA3 40825-38925 8.1 4.6 0.0056 3435.9 763.0 1.76
2 SRA4 38710-36240 7.0 4.6 0.0048 3734.0 784.6 1.37
2 SRB1 36080-34090 7.6 6.4 0.0065 3870.4 836.3 1.88
2 SRB2 33880-32605 6.9 6.3 0.0051 3941.7 848.3 1.69
2 SRC1 32265-29385 9.7 5.8 0.0038 5509.9 877.3 1.44
2 SRC2 29140-27155 9.2 7.8 0.0077 3215.4 449.0 3.81
2 SRC3 26990-25000 7.5 7.8 0.0046 3215.3 623.8 1.72
2 SRC4 24795-22415 7.4 9.7 0.0054 2559.5 547.2 1.62
2 SRD1 22195-20070 6.6 7.9 0.0054 3220.3 752.7 1.50
2 SRD2 19855-17785 8.6 5.7 0.0033 4586.2 1029.1 1.02
2 SRD3 17510-15335 8.4 7.5 0.0059 3687.4 1026.0 1.99
2 SRE1 15125-13190 5.8 7.1 0.0058 3578.4 1330.1 1.13
2 SRE2 13030-11180 5.3 7.4 0.0049 3540.8 1008.1 1.28
2 SRE3 11015-9025 5.5 8.3 0.0052 3046.7 973.7 1.13
2 N/A 3080-1000 9.2 6.3 0.0048 4407.3 800.4 1.99  



 

Santa Clara River 5-13  
Floodplain Hydraulic Impacts Assessment - #7104E  

Table 5.5E - 50-Year Reach-by-Reach Average Hydraulic Parameters 
 

Alt Reach River Max Depth Avg. 
Velocity

Friction 
Slope Area Top 

Width
Total 
Shear

No. Sta. to Sta. (ft) (fps) (ft/ft) (sq.ft.) (ft) (psf)
1 SRA3 40825-38925 9.8 5.6 0.0055 5007.4 1017.0 1.80
1 SRA4 38710-36240 9.0 5.5 0.0050 5405.7 821.4 2.19
1 SRB1 36080-34090 9.7 6.4 0.0066 6521.2 1282.7 2.20
1 SRB2 33880-32605 8.8 6.4 0.0048 6455.3 1308.8 1.73
1 SRC1 32265-29385 12.9 6.3 0.0029 8672.9 1122.0 1.66
1 SRC2 29140-27155 11.9 9.4 0.0086 4579.5 549.5 4.61
1 SRC3 26990-25000 9.5 8.1 0.0050 5304.0 1187.0 1.64
1 SRC4 24795-22415 8.8 7.9 0.0046 5329.0 1790.9 0.98
1 SRD1 22195-20070 7.9 9.0 0.0054 4786.5 1264.3 1.43
1 SRD2 19855-17785 11.2 4.9 0.0031 9083.0 1737.6 1.02
1 SRD3 17510-15335 9.5 8.3 0.0067 5260.8 1450.5 2.09
1 SRE1 15125-13190 7.1 7.5 0.0059 5746.0 1659.5 1.36
1 SRE2 13030-11180 7.0 8.3 0.0042 5268.3 1121.8 1.30
1 SRE3 11015-9025 6.9 9.5 0.0054 4527.8 1120.0 1.57
1 N/A 3080-1000 11.6 7.0 0.0047 6658.2 968.5 2.32
2 SRA3 40825-38925 9.8 5.6 0.0055 5007.4 1017.0 1.80
2 SRA4 38710-36240 9.1 5.5 0.0049 5389.9 806.6 2.17
2 SRB1 36080-34090 10.0 6.1 0.0066 6807.6 1296.4 2.40
2 SRB2 33880-32605 8.8 6.4 0.0048 6466.8 1308.9 1.73
2 SRC1 32265-29385 12.9 5.9 0.0030 9098.7 1167.9 1.95
2 SRC2 29140-27155 12.4 8.7 0.0078 4914.1 627.9 3.96
2 SRC3 26990-25000 11.7 5.8 0.0050 7310.8 1075.3 2.32
2 SRC4 24795-22415 9.8 10.1 0.0056 4213.9 733.3 2.13
2 SRD1 22195-20070 8.9 8.7 0.0052 4997.4 814.6 1.99
2 SRD2 19855-17785 10.9 6.1 0.0034 7157.2 1181.6 1.47
2 SRD3 17510-15335 10.4 7.8 0.0063 5659.3 1145.9 2.53
2 SRE1 15125-13190 7.5 7.3 0.0061 6100.5 1484.3 1.64
2 SRE2 13030-11180 7.3 7.8 0.0045 5669.0 1147.9 1.69
2 SRE3 11015-9025 7.2 8.9 0.0054 4850.6 1137.6 1.81
2 N/A 3080-1000 11.7 6.9 0.0048 6774.3 970.5 2.39  



 

Santa Clara River 5-14  
Floodplain Hydraulic Impacts Assessment - #7104E  

Table 5.5F - 100-Year Reach-by-Reach Average Hydraulic Parameters 
 

Alt Reach River Max Depth Avg. 
Velocity

Friction 
Slope Area Top 

Width
Total 
Shear

No. Sta. to Sta. (ft) (fps) (ft/ft) (sq.ft.) (ft) (psf)
1 SRA3 40825-38925 11.3 6.2 0.0054 6657.3 1164.0 2.05
1 SRA4 38710-36240 10.6 6.4 0.0050 6744.6 840.1 2.63
1 SRB1 36080-34090 11.2 6.9 0.0066 8427.2 1339.7 2.70
1 SRB2 33880-32605 10.3 6.7 0.0047 8777.0 1554.6 1.94
1 SRC1 32265-29385 14.9 6.3 0.0027 11522.8 1246.0 1.73
1 SRC2 29140-27155 13.9 10.6 0.0088 5730.1 613.4 5.22
1 SRC3 26990-25000 10.7 8.9 0.0054 6802.6 1364.1 2.09
1 SRC4 24795-22415 9.7 8.5 0.0045 7064.2 1901.5 1.06
1 SRD1 22195-20070 8.9 10.0 0.0055 6085.5 1395.1 1.65
1 SRD2 19855-17785 13.2 4.9 0.0028 12746.2 1873.7 1.13
1 SRD3 17510-15335 10.6 9.0 0.0073 6899.8 1591.5 2.61
1 SRE1 15125-13190 8.2 7.9 0.0058 7647.6 1728.0 1.66
1 SRE2 13030-11180 8.7 8.5 0.0041 7258.7 1197.9 1.73
1 SRE3 11015-9025 8.1 10.3 0.0053 6011.7 1280.4 1.85
1 N/A 3080-1000 13.5 7.7 0.0046 8495.0 1053.7 2.66
2 SRA3 40825-38925 11.4 6.0 0.0052 6860.7 1178.0 2.16
2 SRA4 38710-36240 10.8 6.3 0.0051 6840.0 829.9 2.63
2 SRB1 36080-34090 11.9 6.2 0.0065 9341.9 1351.8 2.99
2 SRB2 33880-32605 10.5 6.5 0.0047 9041.5 1574.9 1.96
2 SRC1 32265-29385 14.8 6.2 0.0029 11529.5 1281.3 1.88
2 SRC2 29140-27155 14.3 9.7 0.0079 6263.7 763.0 4.11
2 SRC3 26990-25000 13.4 6.6 0.0050 9106.3 1090.3 2.79
2 SRC4 24795-22415 11.5 10.9 0.0057 5527.1 802.7 2.54
2 SRD1 22195-20070 11.7 7.9 0.0054 7967.4 1256.3 2.39
2 SRD2 19855-17785 12.8 6.4 0.0034 9620.5 1292.5 1.87
2 SRD3 17510-15335 11.8 8.7 0.0066 7160.9 1183.6 3.15
2 SRE1 15125-13190 8.7 8.0 0.0060 7837.2 1556.8 2.00
2 SRE2 13030-11180 9.1 8.1 0.0042 7723.4 1207.2 1.91
2 SRE3 11015-9025 9.0 8.7 0.0052 7470.6 1314.2 2.09
2 N/A 3080-1000 13.6 7.6 0.0047 8722.3 1056.0 2.85  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

Santa Clara River 5-15  
Floodplain Hydraulic Impacts Assessment - #7104E  

Table 5.5G – QCAP Reach-by-Reach Average Hydraulic Parameters 
 
 

Alt Reach River Max Depth Avg. 
Velocity

Friction 
Slope Area Top 

Width
Total 
Shear

No. Sta. to Sta. (ft) (fps) (ft/ft) (sq.ft.) (ft) (psf)
1 SRA3 40825-38925 17.5 7.6 0.0043 15328.1 1615.6 2.73
1 SRA4 38710-36240 16.7 9.9 0.0062 12071.0 956.9 4.96
1 SRB1 36080-34090 15.8 7.8 0.0069 14903.8 1428.9 4.49
1 SRB2 33880-32605 15.0 7.1 0.0031 17161.8 1819.4 2.12
1 SRC1 32265-29385 21.0 8.1 0.0025 20289.5 1605.3 2.11
1 SRC2 29140-27155 20.7 13.4 0.0087 11081.0 1086.3 5.50
1 SRC3 26990-25000 15.5 10.4 0.0066 13674.1 1554.3 4.24
1 SRC4 24795-22415 13.3 10.3 0.0039 14002.0 2034.5 1.64
1 SRD1 22195-20070 12.3 11.9 0.0050 12471.4 2046.6 2.01
1 SRD2 19855-17785 19.1 5.6 0.0025 25231.3 2206.3 1.66
1 SRD3 17510-15335 14.9 10.5 0.0074 14610.6 1849.9 4.11
1 SRE1 15125-13190 13.2 8.6 0.0055 16725.4 1858.2 3.13
1 SRE2 13030-11180 15.6 8.9 0.0031 16138.2 1427.4 2.16
1 SRE3 11015-9025 14.4 10.5 0.0046 15254.5 1450.7 3.48
1 N/A 3080-1000 19.8 9.9 0.0043 15652.4 1179.9 4.18
2 SRA3 40825-38925 17.5 7.6 0.0043 15329.3 1615.7 2.73
2 SRA4 38710-36240 16.9 9.8 0.0062 12080.2 943.8 4.89
2 SRB1 36080-34090 16.0 7.7 0.0069 15107.4 1421.6 4.63
2 SRB2 33880-32605 15.0 7.1 0.0031 17126.1 1804.2 2.12
2 SRC1 32265-29385 20.9 8.3 0.0026 19754.0 1341.2 2.36
2 SRC2 29140-27155 20.1 12.9 0.0075 11263.8 903.9 5.78
2 SRC3 26990-25000 19.5 9.0 0.0046 15919.5 1127.2 4.35
2 SRC4 24795-22415 16.6 14.8 0.0056 9740.2 847.0 4.02
2 SRD1 22195-20070 17.1 10.2 0.0061 14012.8 1472.0 4.70
2 SRD2 19855-17785 18.8 7.7 0.0032 18507.7 1557.7 2.76
2 SRD3 17510-15335 16.4 11.2 0.0069 13061.5 1300.8 4.87
2 SRE1 15125-13190 13.4 9.8 0.0056 15397.0 1640.8 3.39
2 SRE2 13030-11180 16.2 8.4 0.0035 17238.8 1459.8 2.74
2 SRE3 11015-9025 14.3 10.7 0.0046 14965.9 1420.9 3.47
2 N/A 3080-1000 19.6 10.2 0.0043 15388.4 1177.5 4.13  

 



 

Santa Clara River Watershed 5-16  
Floodplain Hydraulic Impacts Assessment - #7104E  

Table 5.6A - 2-Year Floodplain Velocity Distribution Statistics 
 

(fps) acres acres % diff acres % diff acres % diff acres % diff acres % diff
0-2 128.4 128.9 0.4% 128.7 0.2% 129.1 0.6% 129.5 0.9% 130.0 1.3%
3-4 150.3 150.2 -0.1% 150.5 0.1% 150.9 0.4% 150.6 0.2% 149.3 -0.7%
5-6 127.7 127.5 -0.2% 127.3 -0.3% 128.2 0.3% 127.6 -0.1% 128.0 0.2%
7-8 33.0 33.1 0.2% 33.4 1.1% 32.3 -2.1% 32.8 -0.5% 33.3 0.8%
9-10 5.6 5.7 0.9% 5.6 0.2% 5.6 -0.9% 5.6 -0.5% 5.5 -1.1%
11-12 1.5 1.3 -9.5% 1.3 -12.2% 1.4 -8.2% 1.4 -8.2% 1.3 -12.2%
13-15 0.3 0.3 3.7% 0.4 29.6% 0.3 11.1% 0.3 11.1% 0.3 0.0%
16-18 0.1 0.1 0.0% 0.1 0.0% 0.1 0.0% 0.1 0.0% 0.1 0.0%
19-21 0.0 0.0 0.0% 0.0 0.0% 0.0 0.0% 0.0 0.0% 0.0 0.0%
22-24 0.0 0.0 0.0% 0.0 0.0% 0.0 0.0% 0.0 0.0% 0.0 0.0%
25-27 0.0 0.0 0.0% 0.0 0.0% 0.0 0.0% 0.0 0.0% 0.0 0.0%
28-30 0.0 0.0 0.0% 0.0 0.0% 0.0 0.0% 0.0 0.0% 0.0 0.0%
31-39 0.0 0.0 0.0% 0.0 0.0% 0.0 0.0% 0.0 0.0% 0.0 0.0%

Alt. No. 3 & 4 Alt. No. 5 Alt. No. 6Velocity Increment Alt. No. 1 
(Existing) Alt. No. 7 (Avoidance)Alt. No. 2 (Project)

 
 
 

Table 5.6B - 5-Year Floodplain Velocity Distribution Statistics 
 

(fps) acres acres % diff acres % diff acres % diff acres % diff acres % diff
0-2 119.4 118.7 -0.6% 120.1 0.6% 119.3 -0.1% 120.7 1.1% 120.5 0.9%
3-4 155.4 154.6 -0.5% 155.3 -0.1% 155.6 0.1% 155.6 0.1% 156.1 0.5%
5-6 130.7 131.1 0.3% 130.6 -0.1% 130.9 0.1% 130.7 0.0% 129.7 -0.8%
7-8 128.2 128.1 -0.1% 127.5 -0.5% 127.5 -0.5% 128.2 0.0% 128.2 0.0%
9-10 49.2 48.7 -0.8% 49.2 0.0% 49.9 1.5% 48.5 -1.3% 49.2 0.1%
11-12 11.8 11.9 0.6% 12.4 5.1% 11.3 -4.1% 12.2 3.1% 12.0 1.5%
13-15 3.4 4.1 20.0% 3.6 6.8% 3.5 3.5% 3.5 3.8% 3.3 -2.6%
16-18 0.3 0.9 196.6% 0.3 0.0% 0.3 0.0% 0.3 0.0% 0.3 0.0%
19-21 0.0 0.0 0.0% 0.0 0.0% 0.0 0.0% 0.0 0.0% 0.0 0.0%
22-24 0.0 0.0 0.0% 0.0 0.0% 0.0 0.0% 0.0 0.0% 0.0 0.0%
25-27 0.0 0.0 0.0% 0.0 0.0% 0.0 0.0% 0.0 0.0% 0.0 0.0%
28-30 0.0 0.0 0.0% 0.0 0.0% 0.0 0.0% 0.0 0.0% 0.0 0.0%
31-39 0.0 0.0 0.0% 0.0 0.0% 0.0 0.0% 0.0 0.0% 0.0 0.0%

Alt. No. 2 (Project) Alt. No. 3 & 4 Alt. No. 5 Alt. No. 6Velocity Increment Alt. No. 1 
(Existing) Alt. No. 7 (Avoidance)

 



 

Santa Clara River Watershed 5-17  
Floodplain Hydraulic Impacts Assessment - #7104E  

Table 5.6C - 10-Year Floodplain Velocity Distribution Statistics 
 

(fps) acres acres % diff acres % diff acres % diff acres % diff acres % diff
0-2 133.0 131.9 -0.8% 127.9 -3.8% 129.4 -2.7% 129.8 -2.5% 133.0 0.0%
3-4 173.3 172.9 -0.2% 173.1 -0.1% 172.6 -0.4% 173.3 0.0% 172.6 -0.4%
5-6 130.6 131.3 0.6% 129.2 -1.0% 128.2 -1.9% 128.7 -1.5% 130.0 -0.5%
7-8 136.0 131.9 -3.0% 134.9 -0.8% 134.5 -1.1% 135.7 -0.2% 135.2 -0.6%
9-10 99.8 100.8 1.0% 101.7 1.9% 101.7 1.9% 100.7 0.9% 100.5 0.7%
11-12 35.0 36.1 3.2% 35.7 2.1% 36.4 4.0% 35.0 0.1% 35.1 0.2%
13-15 9.9 9.8 -1.4% 10.1 1.9% 9.2 -7.1% 9.7 -2.3% 9.8 -0.9%
16-18 2.3 2.3 0.4% 2.2 -0.4% 2.2 -0.4% 2.2 -0.4% 2.2 -0.9%
19-21 0.2 0.3 8.3% 0.3 8.3% 0.3 8.3% 0.3 8.3% 0.2 0.0%
22-24 0.0 0.0 0.0% 0.0 0.0% 0.0 0.0% 0.0 0.0% 0.0 0.0%
25-27 0.0 0.0 0.0% 0.0 0.0% 0.0 0.0% 0.0 0.0% 0.0 0.0%
28-30 0.0 0.0 0.0% 0.0 0.0% 0.0 0.0% 0.0 0.0% 0.0 0.0%
31-39 0.0 0.0 0.0% 0.0 0.0% 0.0 0.0% 0.0 0.0% 0.0 0.0%

Alt. No. 2 (Project) Alt. No. 3 & 4 Alt. No. 5 Alt. No. 6Velocity Increment Alt. No. 1 
(Existing) Alt. No. 7 (Avoidance)

 
 
 

Table 5.6D - 20-Year Floodplain Velocity Distribution Statistics 
 

(fps) acres acres % diff acres % diff acres % diff acres % diff acres % diff
0-2 210.8 181.9 -13.7% 187.1 -11.3% 181.3 -14.0% 184.6 -12.5% 227.7 8.0%
3-4 272.1 226.0 -16.9% 232.8 -14.5% 229.8 -15.5% 233.9 -14.0% 248.8 -8.6%
5-6 161.4 154.4 -4.3% 156.6 -3.0% 149.5 -7.4% 150.7 -6.6% 161.7 0.2%
7-8 134.8 133.1 -1.2% 133.9 -0.7% 131.8 -2.2% 132.9 -1.4% 136.6 1.3%
9-10 128.4 123.7 -3.7% 124.8 -2.8% 124.9 -2.7% 126.4 -1.6% 127.6 -0.6%
11-12 64.6 69.2 7.1% 68.6 6.2% 65.5 1.4% 64.7 0.1% 64.4 -0.3%
13-15 23.1 26.8 16.1% 26.4 14.1% 25.2 8.9% 24.6 6.5% 23.7 2.4%
16-18 2.4 2.6 5.8% 2.6 6.6% 2.5 5.0% 2.7 12.0% 2.4 -0.8%
19-21 1.0 0.8 -21.8% 0.8 -20.8% 0.8 -20.8% 0.8 -20.8% 1.0 0.0%
22-24 0.3 0.4 9.4% 0.3 0.0% 0.3 0.0% 0.3 0.0% 0.3 0.0%
25-27 0.0 0.0 0.0% 0.0 0.0% 0.0 0.0% 0.0 0.0% 0.0 0.0%
28-30 0.0 0.0 0.0% 0.0 0.0% 0.0 0.0% 0.0 0.0% 0.0 0.0%
31-39 0.0 0.0 0.0% 0.0 0.0% 0.0 0.0% 0.0 0.0% 0.0 0.0%

Alt. No. 2 (Project) Alt. No. 3 & 4 Alt. No. 5 Alt. No. 6Velocity Increment Alt. No. 1 
(Existing) Alt. No. 7 (Avoidance)
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Table 5.6E - 50-Year Floodplain Velocity Distribution Statistics 
 

(fps) acres acres % diff acres % diff acres % diff acres % diff acres % diff
0-2 232.4 234.4 0.9% 233.0 0.3% 229.7 -1.1% 225.9 -2.8% 305.1 31.3%
3-4 339.1 283.9 -16.3% 293.4 -13.5% 293.0 -13.6% 296.2 -12.7% 309.6 -8.7%
5-6 253.3 182.9 -27.8% 187.7 -25.9% 190.6 -24.7% 190.6 -24.8% 212.7 -16.0%
7-8 155.7 157.2 1.0% 161.1 3.4% 159.9 2.7% 159.5 2.4% 155.3 -0.3%
9-10 136.4 144.6 6.0% 146.8 7.6% 146.0 7.0% 145.9 7.0% 140.3 2.8%
11-12 105.6 97.7 -7.4% 94.5 -10.5% 95.5 -9.5% 96.4 -8.6% 103.3 -2.1%
13-15 58.6 50.9 -13.1% 52.2 -10.9% 47.2 -19.4% 47.1 -19.6% 59.8 2.1%
16-18 10.6 8.9 -15.8% 9.2 -13.0% 7.5 -29.0% 8.8 -17.0% 10.6 0.2%
19-21 1.7 1.2 -26.8% 1.2 -28.6% 1.2 -28.6% 1.2 -27.4% 1.7 -1.2%
22-24 0.7 0.5 -32.4% 0.5 -29.6% 0.5 -29.6% 0.5 -29.6% 0.7 0.0%
25-27 0.2 0.2 -20.8% 0.2 -20.8% 0.2 -16.7% 0.2 -20.8% 0.2 0.0%
28-30 0.0 0.0 0.0% 0.0 0.0% 0.0 0.0% 0.0 0.0% 0.0 0.0%
31-39 0.0 0.0 0.0% 0.0 0.0% 0.0 0.0% 0.0 0.0% 0.0 0.0%

Alt. No. 2 (Project) Alt. No. 3 & 4 Alt. No. 5 Alt. No. 6Velocity Increment Alt. No. 1 
(Existing) Alt. No. 7 (Avoidance)

 
 
 

Table 5.6F - 100-Year Floodplain Velocity Distribution Statistics 
 

(fps) acres acres % diff acres % diff acres % diff acres % diff acres % diff
0-2 324.6 199.3 -38.6% 200.2 -38.3% 166.7 -48.6% 176.7 -45.6% 259.6 -20.0%
3-4 302.3 311.1 2.9% 325.8 7.8% 309.1 2.2% 310.9 2.9% 327.8 8.5%
5-6 218.1 214.7 -1.5% 215.6 -1.1% 216.1 -0.9% 217.0 -0.5% 230.0 5.4%
7-8 173.8 169.3 -2.6% 173.8 0.0% 162.7 -6.4% 168.8 -2.9% 187.0 7.6%
9-10 132.6 163.0 23.0% 167.7 26.4% 160.7 21.2% 162.3 22.4% 145.3 9.6%
11-12 127.8 111.5 -12.8% 113.9 -10.9% 125.6 -1.8% 120.4 -5.8% 132.9 4.0%
13-15 94.0 71.0 -24.5% 72.0 -23.4% 79.0 -15.9% 79.0 -16.0% 95.8 1.9%
16-18 26.5 24.2 -8.7% 22.9 -13.6% 24.1 -8.8% 23.2 -12.4% 25.9 -2.2%
19-21 6.4 5.0 -22.6% 4.8 -25.4% 5.5 -14.0% 5.5 -15.0% 6.3 -2.0%
22-24 1.3 1.3 -1.6% 1.2 -4.7% 1.1 -16.5% 1.1 -16.5% 1.3 -0.8%
25-27 0.3 0.2 -30.8% 0.2 -26.9% 0.3 19.2% 0.3 19.2% 0.3 0.0%
28-30 0.0 0.0 0.0% 0.0 0.0% 0.1 0.0% 0.1 0.0% 0.0 0.0%
31-39 0.0 0.0 0.0% 0.0 0.0% 0.0 0.0% 0.0 0.0% 0.0 0.0%

Alt. No. 2 (Project) Alt. No. 3 & 4 Alt. No. 5 Alt. No. 6Velocity Increment Alt. No. 1 
(Existing) Alt. No. 7 (Avoidance)
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Table 5.6G - QCAP Floodplain Velocity Distribution Statistics 
 

(fps) acres acres % diff acres % diff acres % diff acres % diff acres % diff
0-2 117.6 127.4 8.3% 109.7 -6.7% 116.2 -1.2% 116.6 -0.8% 221.1 88.0%
3-4 286.6 243.4 -15.1% 266.0 -7.2% 254.2 -11.3% 246.7 -13.9% 286.9 0.1%
5-6 304.8 266.7 -12.5% 274.3 -10.0% 273.4 -10.3% 276.4 -9.3% 295.5 -3.1%
7-8 247.5 197.6 -20.2% 201.1 -18.7% 199.1 -19.6% 200.3 -19.1% 213.3 -13.8%
9-10 211.5 137.4 -35.0% 141.9 -32.9% 140.4 -33.6% 138.9 -34.3% 169.1 -20.0%
11-12 199.1 131.0 -34.2% 141.6 -28.9% 129.1 -35.1% 129.0 -35.2% 158.1 -20.6%
13-15 173.2 192.2 11.0% 194.2 12.2% 194.1 12.1% 197.4 14.0% 197.4 14.0%
16-18 78.5 88.3 12.4% 87.1 10.9% 91.4 16.4% 93.4 19.0% 78.3 -0.2%
19-21 34.5 40.5 17.3% 39.8 15.4% 41.5 20.4% 42.1 22.1% 37.6 9.0%
22-24 14.1 17.9 27.3% 14.5 3.4% 15.4 9.6% 15.5 10.6% 14.0 -0.4%
25-27 4.3 4.8 11.4% 4.2 -2.3% 4.2 -1.6% 4.2 -2.8% 4.3 -0.2%
28-30 2.2 2.2 0.0% 2.2 0.0% 2.2 0.0% 2.2 0.0% 2.1 0.0%
31-39 1.1 0.7 0.0% 0.7 0.0% 0.8 0.0% 0.8 0.0% 1.1 0.0%

Alt. No. 7 (Avoidance)Velocity Increment Alt. No. 1 
(Existing) Alt. No. 2 (Project) Alt. No. 3 & 4 Alt. No. 5 Alt. No. 6
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5.8 Discussion of General Floodplain Hydraulics Trends  

5.7.1 Alternative No. 1 (Existing Condition) 
Maximum flow depths range from 3.3 feet to 16.5 feet; average velocities range from 4.5 fps to 9.1 fps 
and total shear range from 0.2 psf to 3.0 psf, all for 2-year through QCAP return periods (refer to 5.1).  The 
velocity range within the river is in the 1.8 fps to 19.6 fps range. 

5.7.2 Alternative No. 2 (Proposed Project) 
Changes in channel geometry and flowrates also change the trends from existing to the proposed project 
channel system.  Maximum flow depths range from 3.3 feet to 17.2 feet; average velocities range from 
4.5 fps to 9.4 fps and total shear range from 0.7 psf to 3.5 psf, all for 2-year through QCAP return periods 
(refer to 5.1).  As the flowrates increase, the velocities in majority of the channel also increase.  Increases 
and decreases on the order of 0.2 fps can be seen from existing to proposed condition through the QCAP 
return period, as the flow area is constricted or expanded within the proposed channel.  

5.7.3 Alternative No. 3 & 4  
The proposed channel is widened so resulting floodplain hydraulic trends vary from the proposed project 
channel system to the first alternative concept.  Maximum flow depths range from 3.3 feet to 17.0 feet; 
average velocities range from 4.4 fps to 9.5 fps and total shear range from 0.7 psf to 3.5 psf, all for 2-year 
through QCAP return periods (refer to 5.1).  In this condition, a majority of the channel experience 
velocities below 6 fps from 2- and 5-year return periods, below 7 fps from 10-year return period, and were 
more spread out through the higher return periods. Higher velocities are mostly experienced by the 
downstream portion of the channel. Lower velocities are seen in the beginning reach of the upstream 
portion of the channel. The higher and lower velocity trend is true for all proposed alternatives. 

5.7.4 Alternative No. 5  
With the widening of the proposed channel, floodplain hydraulic trends vary from the proposed project 
channel system to this alternative concept.  Maximum flow depths range from 3.4 feet to 17.2 feet; 
average velocities range from 4.5 fps to 9.4 fps and total shear range from 0.3 psf to 3.5 psf, all for 2-year 
through QCAP return periods (refer to 5.1).  In this condition, a majority of the channel experience 
velocities below 6 fps from 2- and 5-year return periods, below 7 fps from 10-year return period, and were 
more spread out through the higher return periods.  

5.7.5 Alternative No. 6  
A slight difference in channel geometry can be observed from the fifth alternative concept to this 
alternative concept.  These differences cause slight changes in the floodplain hydraulic trends.  Maximum 
flow depths range from 3.4 feet to 17.0 feet; average velocities range from 4.5 fps to 9.4 fps and total 
shear range from 0.7 psf to 3.5 psf, all for 2-year through QCAP return periods (refer to 5.1).  A majority of 
the channel experience velocities below 6 fps from 2- and 5-year return periods, below 7 fps from 10-year 
return period, and were more spread out through the higher return periods. Similar to the fifth alternative 
concept, higher velocities are mostly experienced by the mid-station portion of the channel.  

5.7.6 Alternative No. 7 (Avoidance Condition)  
With minimal changes to the hydraulic model, the floodplain hydraulic trends for this condition are similar 
to alternative 1 (existing condition) trends.  Maximum flow depths range from 3.3 feet to 16.7 feet; 
average velocities range from 4.4 feet per second (fps) to 9.3 fps and total shear range 0.7 pounds per 
square feet (psf) to 3.2 psf, all for 2-year through QCAP return periods (refer to 5.1).   
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6  Vegetation 

6.1 Impacts on Habitat  

Most of the areas being on the Project site consist of agricultural fields and, to a lesser extent, disturbed 
and upland habitat areas with limited riparian habitat. Figures 6.1a - g graphically compare the vegetation 
acres within various flood events for each condition and illustrates that a large percent of the total impact 
results from converting agricultural land to the Project condition.  The figure shows that some vegetation 
types are more exposed to flooding in the Project condition while the largest decrease is in vegetation 
both by percent and acres is agriculture.   

 
The impacts of the project’s implementation on vegetation are discussed below.  In summary, the Project 
includes the construction of approximately 29,000 LF of soil cement, which is necessary to protect the 
Project’s residential and commercial development and the Long Canyon Road Bridge.  In addition, 
approximately, 4,700 LF of TRMs would be installed downstream of the Project site along the utility 
corridor between Chiquito Canyon and Grande Canyon Rivers.  The impacts of installing bank protection, 
bridge piers and abutments (Long Canyon Road Bridge) and erosion protection to vegetation along the 
River are analyzed in this section.  This analysis focuses only on the Project's hydrologic and hydraulic 
impacts on the River. 

6.2 Alteration of Existing Drainage Patterns 

6.2.1 Santa Clara River 
The River will be encroached upon with the placement of the buried soil cement, TRMs, bridge abutments 
and piers, storm drain outlets and energy dissipaters proposed by the Project.  Project impacts are 
expected to include habitat removal and disturbance, erosion, increased sedimentation, and habitat 
modification as a result of changes to River velocity and water surface elevation.  The Project does not 
impact discharge in the River because no discharge is diverted from or to the River as a result of the 
Project, and no drainage currently discharging to the River will be prevented from discharging to the River 
in the Project condition (Table 6.1).  Therefore no impacts will occur as a result of discharge changes. 

 
Table 6-1 - Project-Related Changes in Discharge below the Specific Plan Site 

 

2-year 5-year 10-year 20-year 50-year 100-year Qcap

Existing Conditions          2,600          8,480         15,400         24,900         42,400         60,000     142,475 
Proposed Conditions          2,600          8,480         15,400         24,900         42,400         60,000     142,475 
Net Change 0 0 0 0 0 0 0

Location - Downstream of 
the Specific Plan Site 

Below RS 15125

Discharge for Different Return Periods (cfs)

 
Impacts associated with erosion and sediment deposition and, therefore, streambed modification within 
the River are evaluated as a function of in-stream velocities, which are indicators for potential riverbed 
scouring.  This is discussed in detail within Section 7.  In summary, the total area of floodplain where 
discharge velocities would be over 4 fps during a 100-year storm would be decreased by 130.7 acres as 
a result of the alternative 2 (proposed Project) condition.  The tables shown on Figures 6.1a - g provide a 
summary of floodplain acreage (by vegetation type) where Project-related increases or decreases in 
discharge velocities in excess of 4 fps would occur.  The area of floodplain subject to flows in excess of 4 
fps would be reduced by approximately 0.0, -0.6, 6.8, -46.1, 19.7, 130.7 and 135.7 acres as a result of 
alternative 2 (proposed Project) condition during the 2-, 5-, 10-, 20-, 50-, 100-year and QCAP events, 
respectively.  Additionally, no impacts to velocity will be realized upstream or downstream of the Project.  
Existing and proposed conditions velocity and water surface elevation are compared in Table 6-2. 
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Table 6-2 – Existing and Proposed Water Surface Elevations for the 100yr Discharge 
STATION WSE PROP WSE EXIS DELTA STATION WSE PROP WSE EXIS DELTA STATION WSE PROP WSE EXIS DELTA

40825 1010.74 1010.73 0.0 27335 933.66 932.53 1.1 15125 863.46 863.07 0.4
40585 1009.57 1009.55 0.0 27155 933.15 931.32 1.8 14900 861.81 861.75 0.1
40335 1008.77 1008.74 0.0 26990 932.51 929.65 2.9 14720 860.72 860.51 0.2
40130 1007.99 1007.94 0.0 26780 930.59 929.04 1.6 14480 858.57 858.81 -0.2
39945 1007.09 1006.99 0.1 26575 930.12 928.66 1.5 14315 858.07 857.92 0.2
39755 1005.52 1005.23 0.3 26355 929.60 927.45 2.1 14090 857.41 856.49 0.9
39605 1004.59 1003.98 0.6 26170 928.69 926.16 2.5 13850 856.11 855.36 0.8
39310 1002.12 1001.75 0.4 25965 927.88 924.65 3.2 13635 855.16 854.63 0.5
39100 1001.26 1001.12 0.1 25785 927.20 923.37 3.8 13425 854.49 853.53 1.0
38925 1000.70 1000.52 0.2 25600 926.51 923.01 3.5 13190 852.91 852.23 0.7
38710 999.76 999.45 0.3 25425 925.57 922.20 3.4 13030 851.59 851.33 0.3
38475 998.07 997.30 0.8 25215 924.14 921.47 2.7 12835 850.79 850.31 0.5
38300 996.43 996.05 0.4 25000 922.85 920.55 2.3 12615 850.03 849.19 0.8
38065 994.83 994.83 0.0 24795 921.49 918.46 3.0 12395 848.86 848.17 0.7
37810 992.69 992.68 0.0 24550 919.24 916.58 2.7 12195 847.85 847.23 0.6
37655 991.20 991.16 0.0 24335 916.20 915.07 1.1 11995 846.33 845.92 0.4
37390 989.90 989.81 0.1 24115 914.53 913.42 1.1 11780 845.33 845.33 0.0
37135 988.97 988.83 0.1 23975 914.25 912.35 1.9 11605 844.23 844.23 0.0
36930 988.21 988.01 0.2 23755 913.30 911.56 1.7 11405 843.83 843.84 0.0
36735 987.67 987.42 0.3 23565 912.42 910.18 2.2 11180 842.72 842.72 0.0
36515 987.35 987.06 0.3 23365 911.30 908.77 2.5 11015 841.38 841.40 0.0
36374 987.14 986.87 0.3 23180 909.53 907.44 2.1 10835 838.94 838.90 0.0
36240 986.77 986.59 0.2 23000 909.13 907.23 1.9 10575 837.75 836.76 1.0
36080 985.75 985.60 0.1 22790 908.61 906.81 1.8 10390 836.67 836.11 0.6
35845 984.36 984.02 0.3 22600 907.27 906.38 0.9 10225 835.46 835.17 0.3
35725 983.55 982.96 0.6 22415 905.67 905.95 -0.3 10000 833.93 833.68 0.3
35515 982.50 981.20 1.3 22195 903.42 903.53 -0.1 9820 833.65 832.87 0.8
35245 980.39 979.46 0.9 22010 902.74 902.48 0.3 9595 833.28 831.57 1.7
35040 978.92 978.45 0.5 21790 902.61 901.57 1.0 9385 832.73 830.66 2.1
34860 978.30 977.65 0.6 21615 902.41 899.78 2.6 9220 831.98 830.13 1.9
34720 977.47 976.36 1.1 21440 901.98 898.45 3.5 9025 831.04 829.27 1.8
34495 975.20 974.30 0.9 21225 900.98 897.15 3.8 3080 829.71 828.82 0.9
34310 973.85 973.15 0.7 21020 899.89 896.32 3.6 3070 828.81 828.08 0.7
34090 972.45 971.89 0.6 20845 898.88 894.59 4.3 3060 827.61 826.96 0.6
33880 970.48 970.48 0.0 20595 897.80 893.77 4.0 3050 825.33 825.30 0.0
33710 968.73 968.67 0.1 20435 897.00 893.46 3.5 3040 822.98 822.92 0.1
33500 967.69 967.55 0.1 20280 895.48 891.86 3.6 3030 822.14 822.05 0.1
33310 966.80 966.53 0.3 20070 893.48 890.61 2.9 3020 816.10 816.65 -0.5
33115 966.19 965.78 0.4 19855 891.06 889.73 1.3 3010 810.72 809.70 1.0
32795 965.14 964.90 0.2 19630 890.15 889.31 0.8 3000 808.45 807.86 0.6
32605 964.32 964.32 0.0 19440 889.52 889.09 0.4 2090 805.98 805.98 0.0
32265 963.18 963.18 0.0 19240 888.39 888.83 -0.4 2080 802.76 802.76 0.0
31875 958.32 958.33 0.0 19050 887.73 888.62 -0.9 2070 796.41 796.41 0.0
31585 957.76 957.48 0.3 18830 886.71 888.16 -1.4 2060 793.89 793.89 0.0
31360 955.77 955.01 0.8 18650 886.41 887.69 -1.3 2050 791.92 791.92 0.0
31060 954.87 954.99 -0.1 18475 886.24 887.23 -1.0 2040 784.83 784.83 0.0
30720 954.45 954.77 -0.3 18290 885.73 886.68 -0.9 2030 781.96 781.96 0.0
30445 954.22 954.54 -0.3 18025 885.33 885.85 -0.5 2020 778.84 778.84 0.0
30095 953.94 954.28 -0.3 17785 884.99 885.01 0.0 2010 774.04 774.05 0.0
29815 953.49 953.83 -0.3 17510 882.40 882.39 0.0 2000 766.39 766.37 0.0
29565 953.09 953.43 -0.3 17360 879.21 879.22 0.0 1090 761.62 761.88 -0.3
29385 952.59 952.96 -0.4 17110 878.44 878.38 0.1 1080 756.70 755.63 1.1
29140 951.32 951.74 -0.4 16970 877.82 877.73 0.1 1070 754.19 753.65 0.5
28895 947.30 947.88 -0.6 16720 872.73 872.75 0.0 1060 752.91 752.85 0.1
28695 943.62 943.98 -0.4 16515 871.53 870.54 1.0 1050 751.77 751.69 0.1
28500 941.43 941.32 0.1 16305 871.23 869.62 1.6 1040 749.23 749.05 0.2
28280 940.41 940.07 0.3 16130 870.49 868.81 1.7 1030 744.76 743.44 1.3
28080 939.66 939.09 0.6 15960 870.14 867.73 2.4 1020 740.38 740.43 0.0
27925 938.66 938.04 0.6 15745 869.56 866.88 2.7 1010 736.85 738.06 -1.2
27725 935.24 934.95 0.3 15540 869.18 866.03 3.1 1000 730.81 730.81 0.0
27545 934.67 934.22 0.4 15335 867.55 864.19 3.4
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It is important to note that the existing discharges are employed in the following analysis because the 
proposed improvements do not alter the discharged runoff from the Project site. 
 
The proposed reinforced concrete and riprap at bridge abutments, in addition to the soil cement, would 
encroach into the existing FEMA 100-year flood plain in some areas.  During the 100-year storm 
approximately 123.8 acres of existing River channel would be encroached upon by the proposed 
improvements.  These encroachments will trigger FEMA approval in the form of the Conditional Letter of 
Map Revision/Letter of Map Revision (CLOMR/LOMR) floodplain map revision process.  Encroachment 
impacts were evaluated using floodplain and habitat engineering and analyzed on the basis of depth and 
velocity, as described below.  Additionally, some banks located out of the floodplain need stabilization 
because of lateral migration of the River bed, as well as the need to protect for the QCAP discharge.  
Installation of the soil cement would have the potential to result in short-term construction-related 
disturbances of the ground surface as excavated areas on the River side of the soil cement would be 
filled and re-vegetated.  Long-term impacts would have the potential to occur because soil cement used 
to stabilize the River’s banks places a permanent feature in the existing floodplain. 
 
In other areas, the soil cement would be placed outside the existing River channel, creating additional 
new River channel. For example, soil cement proposed on the north side of the River near the confluence 
with Castaic River would be constructed on agricultural land, north of the existing channel. The land 
located between the existing River bank and the newly created stabilized bank would be excavated to 
widen the existing channel, which would increase the area available within the channel and increase the 
capacity of the River to convey the passage of flood flows.  Overall, 17.8 acres of River channel would be 
impacted/ removed by proposed soil cement, while 404.1 acres is preserved based on ACOE jurisdiction. 
 
The Specific Plan acknowledges that natural riverine dynamics could erode fill placed on top of the 
hardened bank (buried soil cement) during certain flood events.  For example, natural riverine migration 
between the banks may place the thalweg in contact with the bank.  Additionally, storms greater than 
approximately the 25-year discharge are expected to flow from bank to bank.  In high velocity conditions 
flowing water has the potential to erode soils covering buried soil cement. Specific maintenance activities 
would be subject to the federal and state permits needed to construct and maintain the necessary 
channel improvements. It is anticipated that these permits would allow for placement of fill on the buried 
soil cement when the soil is eroded during periods of high flows.  It is important to note that bank erosion 
is only expected to occur when velocities at the banks exceed 4 fps.  Velocities greater than 4 fps at 
channel centers are expected to erode channel beds but not channel banks. 
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The Commerce Center Drive Bridge is proposed to be constructed across the River at the eastern end of 
the Project site at STA 36299. The Bridge is to include abutments transitioning to soil cement, and 
approaches that would reduce the width of the 100-year floodplain. However, as summarized below the 
existing active River channel width allows certain flood events to be completely spanned by the bridges 
and remain unaffected.  The 10- through 100-year and QCAP events would be impacted by the narrowing 
of the channel resulting from the implementation of the proposed improvements, although flooding up to 
and including the QCAP event would still be contained within channel. 

 
Table 6.3.1 - Discharge Top Width and Water Surface Elevation at Commerce Drive Bridge 

 
RETURN 
PERIOD 
(YEARS)

Q (CFS) TOP WIDTH 
(FT) WSE (FT)

2 1720 478 977
5 5240 617 980

10 9490 919 981
20 15600 1032 983
50 27500 1058 985

100 40300 1071 987
Qcap 115111 1099 992  

 
The Long Canyon Road Bridge is proposed to be constructed across the River, near the western end of 
the Project site at STA 22895.  The Bridge is to include abutments, riprap transitions to soil cement, and 
approaches that would reduce the width of the 100-year floodplain. However the existing active River 
channel width, which carries the 2- through 20-year flood events, would be completely spanned by the 
bridge and remain unaffected.  The 50-, 100-year and QCAP events would be impacted by the narrowing of 
the channel resulting from the implementation of the proposed improvements, although flooding up to and 
including the QCAP event would still be contained within channel. 

 
Table 6.3.2 - Discharge Top Width and Water Surface Elevation at Long Canyon Bridge 

 
RETURN 
PERIOD 
(YEARS)

Q (CFS) TOP WIDTH 
(FT) WSE (FT)

2 2558 400 900
5 8333 428 902

10 15126 468 903
20 24453 517 905
50 41646 815 907

100 58922 832 909
Qcap 140776 887 915  

 
The Potrero Canyon Road Bridge is proposed to be constructed across the River, near the western end 
of the Project site at STA 15500.  The Bridge is to include abutments, riprap transitions to soil cement, 
and approaches that would reduce the width of the 100-year floodplain. However the existing active River 
channel width, which carries the 2- through 10-year flood events, would be completely spanned by the 
bridge and remain unaffected.  The 20- through 100-year and QCAP events would be impacted by the 
narrowing of the channel resulting from the implementation of the proposed improvements, although 
flooding up to and including the QCAP event would still be contained within channel. 
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Table 6.3.3 - Discharge Top Width and Water Surface Elevation at Potrero Canyon Bridge 
 

RETURN 
PERIOD 
(YEARS)

Q (CFS) TOP WIDTH 
(FT) WSE (FT)

2 2581 255 859
5 8408 329 862

10 15263 371 864
20 24675 1418 866
50 42025 1424 868

100 59457 1430 869
Qcap 141426 1449 874  

 
Table 6.4 shows that during the 100-year storm event, Project-related improvements would result in 52 
locations of increased water surface elevation exceeding one foot, and no decreased water surface 
elevation locations with one exceeding one foot, in the River.  Additionally, no impacts to water surface 
elevation will be realized upstream or downstream of the Project.   
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Table 6.4 – Water Surface Elevation Changes Greater than 1ft Alt.2 (Prop) vs Alt.2 (Exis) Condition 
T-RETURN STATION WSE PROP WSE EXIS DELTA

5yr 15745 862.55 861.26 1.3
15540 862.37 860.72 1.6
15335 860.23 858.96 1.3
15745 864.36 862.70 1.7
15540 864.11 862.34 1.8
15335 861.61 860.25 1.4
16305 868.23 867.20 1.0
15960 867.32 865.48 1.8
15745 866.77 864.44 2.3
15540 866.39 863.39 3.0
15335 864.89 861.65 3.2
35515 980.87 979.64 1.2
27335 932.04 931.02 1.0
27155 931.62 930.07 1.5
26990 931.02 928.37 2.6
26780 929.00 927.64 1.4
26575 928.51 927.34 1.2
26355 928.01 926.20 1.8
26170 927.04 924.49 2.5
25965 926.15 923.25 2.9
25785 925.44 922.22 3.2
25600 924.78 921.85 2.9
25425 923.89 921.12 2.8
25215 922.46 920.59 1.9
25000 921.15 919.94 1.2
24795 919.83 917.51 2.3
24550 917.68 915.65 2.0
23975 912.94 911.58 1.4
23755 911.98 910.82 1.2
23565 910.93 909.55 1.4
23365 909.53 907.97 1.6
23000 907.32 906.00 1.3
22790 906.59 905.44 1.1
21440 898.73 897.35 1.4
21225 897.92 896.31 1.6
21020 896.70 895.50 1.2
20845 895.35 893.61 1.7
20595 894.44 892.82 1.6
20435 893.89 892.53 1.4
20280 892.30 891.10 1.2
20070 891.16 889.59 1.6
19855 889.45 888.38 1.1
16305 869.94 868.63 1.3
16130 869.24 867.95 1.3
15960 868.87 866.71 2.2
15745 868.30 865.85 2.4
15540 867.92 865.00 2.9
15335 866.29 862.98 3.3
13190 851.72 850.49 1.2

10yr

20yr

50yr
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Table 6.4 (Continued) – Water Surface Elevation Changes Greater than 1ft Alt.2 (Prop) vs Alt.2 (Exis) Condition 
 

T-RETURN STATION WSE PROP WSE EXIS DELTA
35515 982.50 981.20 1.3
34720 977.47 976.36 1.1
27335 933.66 932.53 1.1
27155 933.15 931.32 1.8
26990 932.51 929.65 2.9
26780 930.59 929.04 1.6
26575 930.12 928.66 1.5
26355 929.60 927.45 2.1
26170 928.69 926.16 2.5
25965 927.88 924.65 3.2
25785 927.20 923.37 3.8
25600 926.51 923.01 3.5
25425 925.57 922.20 3.4
25215 924.14 921.47 2.7
25000 922.85 920.55 2.3
24795 921.49 918.46 3.0
24550 919.24 916.58 2.7
24335 916.20 915.07 1.1
24115 914.53 913.42 1.1
23975 914.25 912.35 1.9
23755 913.30 911.56 1.7
23565 912.42 910.18 2.2
23365 911.30 908.77 2.5
23180 909.53 907.44 2.1
23000 909.13 907.23 1.9
22790 908.61 906.81 1.8
21790 902.61 901.57 1.0
21615 902.41 899.78 2.6
21440 901.98 898.45 3.5
21225 900.98 897.15 3.8
21020 899.89 896.32 3.6
20845 898.88 894.59 4.3
20595 897.80 893.77 4.0
20435 897.00 893.46 3.5
20280 895.48 891.86 3.6
20070 893.48 890.61 2.9
19855 891.06 889.73 1.3
16515 871.53 870.54 1.0
16305 871.23 869.62 1.6
16130 870.49 868.81 1.7
15960 870.14 867.73 2.4
15745 869.56 866.88 2.7
15540 869.18 866.03 3.1
15335 867.55 864.19 3.4
10575 837.75 836.76 1.0
9595 833.28 831.57 1.7
9385 832.73 830.66 2.1
9220 831.98 830.13 1.9
9025 831.04 829.27 1.8
3010 810.72 809.70 1.0
1080 756.70 755.63 1.1
1030 744.76 743.44 1.3

100yr
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Table 6.4 (Continued) – Water Surface Elevation Changes Greater than 1ft Alt.2 (Prop) vs Alt.2 (Exis) Condition 
 

T-RETURN STATION WSE PROP WSE EXIS DELTA
27545 940 939 1.2
27335 939 937 1.9
27155 939 936 2.3
26990 938 935 2.8
26780 936 934 2.0
26575 936 934 2.0
26355 936 933 2.3
26170 935 932 2.9
25965 934 930 4.1
25785 934 928 5.9
25600 933 927 5.7
25425 932 927 5.0
25215 930 925 5.0
25000 929 923 6.2
24795 928 921 6.7
24550 925 919 5.7
24335 921 918 3.8
24115 919 916 3.1
23975 917 915 2.1
23755 918 914 4.0
23565 917 913 4.3
23365 916 913 3.7
23180 915 912 3.0
22925 915 912 2.5
22825 914 912 1.8
22600 913 911 1.4
22415 912 911 1.1
22195 911 907 3.6
22010 910 906 3.7
21790 908 905 3.1
21615 908 903 4.6
21440 907 902 5.7
21225 906 900 6.4
21020 905 899 6.4
20845 904 897 6.4
20595 903 897 5.8
20435 902 897 5.1
20280 900 896 4.1
20070 899 896 2.8
19855 897 896 1.2
16515 876 874 2.1
16305 876 873 2.4
16130 875 873 2.3
15960 875 872 2.5
15745 874 872 2.3
15564 874 871 2.6
15473 872 869 3.0
12835 856 855 1.1
12615 856 855 1.2

Qcap
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Under both existing and proposed Project conditions, floodplain areas would be inundated during extreme 
events (i.e., the 50-Year, 100-Year and Capital floods).  The floodplain of the River in this analysis begins 
at RS 40825 and ends at RS 1000.  As the Project is currently designed, the acreage within the River 
study area that would be subject to flooding would decrease with Project development by as much as 
123.8 acres under the 100yr event and 227.3 acres under the QCAP event because some of the floodplain 
is proposed to protected from flooding by the placement of the buried soil cement.   Project-related 
structures would not be subject to significant flooding impacts resulting from flows associated with major 
storm events.  Therefore, the Project would not result in significant risk of loss, injury or death to people 
on the Project site or downstream of the Project site. 
 
Potential for erosion within the River can be evaluated by reviewing changes to hydraulic shear stress or 
flow velocities, in conjunction with potentially erodible materials.  In Los Angeles County, velocities are 
the preferred indicator for potential streambed erosion.  Because the riverbed is composed of alluvial 
materials, the non-erodible velocities (velocities below which no erosion would occur) range from 2.5 feet 
per second (fine gravels under clear flow conditions) to 5.0 feet per second (alluvial silts transporting 
colloidal materials) (Chow, 1959).  Therefore, a representative velocity of 4.0 feet per second was 
determined to be the appropriate indicator for potential erosion. 
 
If a significant amount of the 2- to 100-year and QCAP floodplain area were in the 0-4-foot per second 
range, but as a result of the Project (including bridges and bank protection), would be subjected to 
velocities greater than 4 feet/second, it would be considered to have potentially significant erosion impact.  
Figures 6.1a - g indicate increases in areas of the River that would be subject to velocities over 4 
feet/second.   

6.2.2 Utility Corridor Analysis 
The Utility Corridor is comprised of four parts:  the Water Reclamation Plant (WRP), the Utility Corridor 
Soil Cement, the Utility Corridor TRM, and the Utility Corridor I-5 component.  The WRP has been 
previously analyzed under the Specific Plan EIR, and the I-5 component was included as part of the 
Natural River Management Plan EIR and 401/404 permits.  An analysis of the impacts of the Utility 
Corridor Soil Cement has is addressed in other sections of this report.   
 
A preliminary hydraulic analysis of the Utility Corridor TRM has been completed.  This analysis evaluated 
water velocities in the reach between the Project site and the Water Reclamation Plant (WRP) on the 
River’s north bank, STA 22195 to STA 17360.  For alternative 7 (avoidance condition) additional TRM is 
placed upstream to station 23975.  A uniform distance from the road and the rail easement to the 
southern edge of the utility corridor was established for the entire reach.  The horizontal location of the 
corridor was determined to be 67 feet from the rail easement to the edge of the utility corridor.  One 
primary simulation was run in HEC-RAS with the QCAP flood event (141,426 cfs and 140,776 cfs in the 
additional upstream portion for alternative 7) under a mixed flow regime and a varied Manning’s n 
conditions based on aerial photography analysis. Under these conditions, when the water surface 
elevation was high enough to reach the banks, the water velocities at the location of the utility corridor 
were low, ranging from 0.9 to 5.7 ft/s and up to 6.9 ft/s in the upstream portion for alternative 7 (Table 
6.5).  These modeled velocities would not require hardened bank protection.  In this case, approximately 
4,600 linear feet of TRM (approximately 6,500 linear feet for alternative 7) will be permanently placed on 
the bank to ensure protection from erosion. 
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Table 6.5 - Proposed QCAP WSE and Velocities along the Utility Corridor (FPS) 
 

STATION WSE VELOCITY
23975* 918.7 6.0
23755* 917.9 5.9
23565* 917.2 6.9
23365* NR NR
23180* NR NR
22925* NR NR
22895* NR NR
22825* NR NR
22600* NR NR
22415* NR NR
22195 NR NR
22010 NR NR
21790 908.3 2.0
21615 907.8 2.0
21440 907.3 2.7
21225 906.2 2.1
21020 905.0 2.0
20845 903.9 2.9
20595 902.7 3.1
20435 901.6 2.9
20280 900.0 5.7
20070 898.5 2.3
19855 896.7 4.7
19630 896.0 3.8
19440 895.2 2.0
19240 894.1 1.2
19050 893.6 0.9
18830 892.9 1.2
18650 892.7 1.0
18475 892.5 2.9
18290 892.0 2.7
18025 891.5 1.4
17785 891.0 1.6
17510 888.3 2.6
17360 NR NR

NR: Water Surface  does not reach the bank.

*note: TRM is placed upstream of section 22195 only 
for the alternative 7 (avoidance condition).

 
 

6.2.3 Impact on Floodplain and Habitat Area    
The proposed improvements associated with the Specific Plan would alter the existing boundary of the 
River floodplain at the Project site. A summary of the changes in the floodplain area due to the 
development of the Project is shown in Figure 3.8.  

 
For high frequency floods (2- and 5-year), the proposed floodplain modifications would not hinder flows or 
reduce the floodplain area.  Instead, these flows would spread across the River channel, unaffected by 
the bank protection because the River would have sufficient width to allow these flows to meander and 
spread out as under pre-Project conditions.  During more infrequent floods River flows would be impacted 
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by proposed improvements as wide as the buried soil cement. This would limit the area of the floodplain 
during these infrequent flood events, causing inundation over a smaller area because the bank protection 
will prevent flooding of formerly adjacent floodplain areas. These formerly adjacent areas would be 
developed under the Specific Plan for various land uses, including residential, commercial, industrial, and 
parks. Most of the areas being developed consist of agricultural fields and, to a lesser extent, disturbed 
and upland habitat areas with limited riparian habitat.  Some vegetation types are more exposed to 
flooding in the Project condition where the largest decrease in vegetation, both by percent and acres, 
results from converting agricultural land to the Project condition.   
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7  Stream Stability and Floodplain Operation 

7.1 Channel Sediment Transport Analysis Approach 

7.1.1 SAM Model 
The SAM Sediment Hydraulic Package is an integrated system of programs developed through the Flood 
Damage Reduction and Stream Restoration Research Program to aid in the analyses associated with 
designing, operating and maintaining flood control channels and stream restoration projects.  SAM 
combines the hydraulic information and the bed material gradation information to compute the sediment 
transport capacity for a given channel or floodplain hydraulic cross-section for a given discharge at a 
single point in time.  A number of sediment transport functions are available for this analysis and SAM 
has the ability to assist in selecting the most appropriate sediment transport equation.  The SAM.SED 
module combines the hydraulic parameters with the bed material gradation curve to compute bed 
material discharge rating curves by size classification.  The SAM.AID module provides the user with 
recommended procedures based on the best matches between hydraulic parameters and grain size 
gradation of the study reach with the same parameters of selected river.  Calibrations based on measured 
data have been performed between the available procedures and selected rivers.  This calibration has 
shown which procedures best predict the actual sediment transport capacity of a particular river.  
SAM.SED provides a sediment transport capacity for each discharge.  SAM modeling was only performed 
using the HEC-RAS models for alternative 1 (existing condition) and alternative 2 (proposed project).  
Data pertaining to alternative 2 is used for proposed alternatives 3 through 6, while data pertaining to 
alternative 1 is used for proposed alternative 7 (avoidance condition). 

7.1.2 Input Data and Selection of Transport Functions 
The SAM numerical model is built upon hydraulic and fluvial components.  The hydraulic components 
include representations of river bed characteristics including top width, side slope, hydraulic depth, bed 
roughness, reach length, energy grade, and discharge.  The fluvial component includes representation of 
bed gradation as percent finer statistics and a selection of up to twenty sediment transport equations.   
 
Hydraulic representation of the river bed is accomplished in several distinct steps.  First, the HEC-RAS 
numerical model is converted to HEC-2 format and run to produce the Army Corps’ T95 binary hydraulic 
simulation output file.  Next, the T95 file is then read directly into SAM using the SAM model’s M95 
subroutine.  This methodology is powerful because it ensures that data created for, and analyzed using; 
HEC-RAS and HEC-2 hydraulic software is fully compatible with, and implemented in, SAM fluvial 
analyses.  Finally, sub-reaches within the model are specified and average hydraulic parameters are 
calculated for those sub-reaches.  Sub-reaches are determined by examining the hydraulic parameters of 
the individual HEC-RAS cross-sections and identifying correlations between those hydraulic parameters 
and the longitudinal position in the channel of the individual cross-section.  This process is described in 
detail in 6.2, below. 
 
Representation of sediment grain size distribution in SAM takes the form of percent finer data obtained 
from sieve analysis of channel sediment grab samples.  At each sample location multiple samples are 
collected and analyzed, and the average data is input into the model.  All sampling and sieve analysis 
was conducted by URS, and sample locations were chosen based on either the presence of recently 
active alluvium or the presence of adjacent/underlying older alluvium commonly incorporated into stream 
sediment load during major events.  Environmental constraints on subsurface investigations in active 
drainages limited sampling locations in some instances, and in these cases the most representative, 
obtainable data is used.  

 
Sediment transport equations used in all SAM modeling were chosen with the assistance of the Army 
Corps’ SAM.AID subroutine.  The SAM.AID subroutine determines the most representative transport 
function based on the hydraulic parameters and percent finer data for each sub-reach by comparing the 
data with the results of 20 peer-reviewed and widely acknowledged sediment transport studies.  This 
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case-by-case transport equation selection is more likely to provide a robust representation of channel 
sediment transport than choosing and individual transport equation for all reaches.  Once the best 
transport equation matches have been determined by SAM.AID the most representative equations are 
run for each sub-reach.  Sediment transport for each sub-reach can then be estimated by reviewing the 
calculations of transport from each equation, excluding any outliers, and using the median transport 
estimate. 

7.2 Reach-by-Reach Channel Hydraulic Characterization  

As noted in section 6.1.2, SAM modeling is based on channel sub-reaches determined by correlating 
hydraulic characteristics with longitudinal cross-section location.  The hydraulic parameters examined are 
discharge, energy slope, bed slope, Froude number, top width, flow area and hydraulic velocity.  
Correlation values typically vary from r=0.0 to r=±0.5.  In the case of Santa Clara River, changes in 
discharge along the River dominated the other hydraulic parameters with respect to sub-reach 
classification.  Therefore, all sub-reaches have been defined based on locations of significant discharge 
increases within Santa Clara River, and correspond to reaches defined in section 5. 

7.3 Results of Sediment Transport Analysis 

 
Table 7-1 - Santa Clara River Existing Conditions Bed Stability 

 
Subreach US Sta DS Sta Trans Eq Transport (ton) Top Width (ft) Depth (ft) A/D Grade Change (ft)

SRA1 46195 44210 MPM 403,938 525.6 0.6 AGGRADE 0.6
SRA2 43820 41460 MPM 330,678 977.0 0.4 AGGRADE 0.4
SRA3 41280 38925 MPM 401,167 1,242.2 0.3 DEGRADE -0.3
SRA4 38710 36265 MPM 343,735 952.0 0.3 AGGRADE 0.3
SRB1 36080 34090 MPM 483,359 1,389.0 0.6 DEGRADE -0.6
SRB2 33880 32605 MPM 488,063 1,650.3 0.0 DEGRADE 0.0
SRC1 32265 29385 MPM 101,035 1,965.8 0.8 AGGRADE 0.8
SRC2 29140 27155 MPM 470,866 780.8 2.9 DEGRADE -2.9
SRC3 26990 25000 MPM 558,797 1,492.1 0.4 DEGRADE -0.4
SRC4 24795 22415 MPM 468,697 2,008.5 0.2 AGGRADE 0.2
SRD1 22195 20070 MPM 675,434 2,009.0 0.6 DEGRADE -0.6
SRD2 19855 17785 MPM 241,344 1,936.3 1.3 AGGRADE 1.3
SRD3 17510 15335 MPM 623,943 1,812.5 1.2 DEGRADE -1.2
SRE1 15125 13190 MPM 796,646 1,878.9 0.6 DEGRADE -0.6
SRE2 13030 11180 MPM 307,423 1,372.4 2.3 AGGRADE 2.3
SRE3 11015 9025 MPM 624,904 1,390.6 1.4 DEGRADE -1.4
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Table 7-2 - Santa Clara River Proposed Conditions Bed Stability 
 

Subreach US Sta DS Sta Trans Eq Transport (ton) Top Width (ft) Depth (ft) A/D Grade Change (ft)

SRA1 46195 44210 MPM 403,938 525.6 0.6 AGGRADE 0.6
SRA2 43820 41460 MPM 359,566 958.6 0.2 AGGRADE 0.2
SRA3 41280 38925 MPM 385,857 1,022.2 0.1 DEGRADE -0.1
SRA4 38710 36265 MPM 370,217 797.6 0.1 AGGRADE 0.1
SRB1 36080 34090 MPM 534,683 1,376.0 0.7 DEGRADE -0.7
SRB2 33880 32605 MPM 494,553 1,709.1 0.2 AGGRADE 0.2
SRC1 32265 29385 MPM 147,697 1,859.8 0.8 AGGRADE 0.8
SRC2 29140 27155 MPM 389,467 899.2 1.6 DEGRADE -1.6
SRC3 26990 25000 MPM 633,550 1,159.3 1.3 DEGRADE -1.3
SRC4 24795 22415 MPM 603,656 860.1 0.2 AGGRADE 0.2
SRD1 22195 20070 MPM 661,922 1,511.4 0.2 DEGRADE -0.2
SRD2 19855 17785 MPM 319,200 1,431.8 1.4 AGGRADE 1.4
SRD3 17510 15335 MPM 620,768 1,274.3 1.3 DEGRADE -1.3
SRE1 15125 13190 MPM 731,941 1,588.9 0.4 DEGRADE -0.4
SRE2 13030 11180 MPM 291,031 1,375.5 2.1 AGGRADE 2.1
SRE3 11015 9025 MPM 635,705 1,399.4 1.5 DEGRADE -1.5

 
 

Table 7-3 - Santa Clara River SAM Existing vs Proposed Conditions Bed Stability 
 

Subreach US Sta Existing Conditions 
Grade Change (ft)

Proposed Conditions 
Grade Change (ft) Delta (ft) Result

SRA1 46195 0.6 0.6 0.0 NO CHANGE
SRA2 43820 0.4 0.2 0.2 DECREASE AGG
SRA3 41280 -0.3 -0.1 -0.2 DECREASE DEG
SRA4 38710 0.3 0.1 0.2 DECREASE AGG
SRB1 36080 -0.6 -0.7 0.1 INCREASE DEG
SRB2 33880 0.0 0.2 -0.2 INCREASE AGG
SRC1 32265 0.8 0.8 0.0 NO CHANGE
SRC2 29140 -2.9 -1.6 -1.3 DECREASE DEG
SRC3 26990 -0.4 -1.3 0.9 INCREASE DEG
SRC4 24795 0.2 0.2 0.0 NO CHANGE
SRD1 22195 -0.6 -0.2 -0.4 DECREASE DEG
SRD2 19855 1.3 1.4 -0.1 INCREASE AGG
SRD3 17510 -1.2 -1.3 0.1 INCREASE DEG
SRE1 15125 -0.6 -0.4 -0.2 DECREASE DEG
SRE2 13030 2.3 2.1 0.2 DECREASE AGG
SRE3 11015 -1.4 -1.5 0.1 INCREASE DEG  

 

7.4 Discussion of Stream Stability and Long-term Trends 

Stream stability can be examined based on the change in potential transport between channel sub-
reaches.  Sub-reaches are readily determined from changes in hydraulic parameters, and frequently the 
most significant hydraulic parameter in terms of impact on stream stability is discharge (volume per unit 
time).  If a channel sub-reach has equal potential transport both entering and exiting the reach then the 
sub-reach is said to be in equilibrium.  Frequently, however, channel sub-reaches are either in an 
aggrading or degrading condition.  For the purposes of this study, aggrading reaches are those whereby 
the potential transport entering the reach (the potential transport of the sub-reach upstream of that under 
immediate consideration) is higher than the potential transport leaving the sub-reach (the potential 
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transport of the sub-reach under immediate consideration).  In degrading sub-reaches the opposite is true 
and potential transport entering the reach is lower than that leaving the sub-reach.  While it would appear 
that downstream sub-reaches would be degrading constantly because discharge generally increases in 
downstream sub-reaches, in turn increasing the transport potential as one moves downstream, other 
factors such as hydraulic depth, mean sub-reach velocity, hydraulic top width, and bed slope contribute 
significantly to potential transport. 

 
To determine stability and long-term trends on the Santa Clara River the 100- and 10-year discharge was 
calculated for each sub reach.  Transport equations chosen for modeling was based on output of the 
SAM.AID subroutine, as noted above, and potential transport was estimated based on the median 
potential transport.  For Santa Clara River, Laursen-Copeland or Ackers-White equations represented the 
median values in every case modeled.  The results of the simulations are shown in Tables 7.1 to 7.3, 
above.  The tables show how changes in grading and adjustments to the channel profile alter aggradation 
and degradation patterns in the channel.  

7.5 Floodplain Outlet and Inlet Operation 

Generally, outlets and inlets to the channel include the upstream channel entrance, the confluence with 
the River and any inlets which occur along the channel length.  There are no diversions away from the 
channel either existing or in any of the proposed alternatives.  Inlets and outlets have a direct influence on 
the hydraulics, and thus sediment capacity, of the channel.  The upstream channel inlet is generally in a 
natural state and no currently planned improvements are to be made upstream of the channel so no 
affects on channel stability are expected.  The channel confluence with the River will largely be controlled 
by the aggradation or degradation in the River, as well as episodic River hydraulic events in the form of 
backwater effects.  While the banks will be hardened in the proposed conditions, the influence of the 
River on long-term bed stability at the River channel outlet is expected to exceed that of the project 
channel modifications.  Along-stream inlets are considered in the modeling as changes to discharge.  In 
the proposed conditions along-stream inlets will be fixed and not allowed to migrate either vertically or 
horizontally as in the existing condition, although it is generally expected that the locations of the present 
inlets will be used in the proposed conditions. 
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8  Summary Comparison of Development Floodplain Hydraulics 

8.1 General Discussion 

This report presents four project alternatives for the Santa Clara River including the proposed Project 
alternative, the Avoidance alternative and two intermediate alternatives.  The Proposed Project alternative 
is the preferred alternative and seeks to optimally maintain the integrity of existing resources while 
providing the greatest benefit to the overall project.  The Avoidance alternative is designed to avoid any 
impacts to Waters of the United States or to areas under the jurisdiction of California Department of Fish 
and Game.  Alternatives 1 and 2 aim to for a middle ground between the Project and Avoidance 
alternatives. 

 
The four project alternatives include varying amounts of bank protection, drop structures, grade control 
stabilizers and bridges.  Bank protection takes the form of soil cement, grouted riprap or gunite and is 
utilized to maintain the stability and location of existing and proposed River banks.  The combined east 
and west bank implementation of bank protection for each alternative is presented in Table 8-1 which 
shows that the most bank protection is proposed for the alternative 2 (proposed project) condition, while 
alternative 7 (avoidance condition) is proposed to have the least, and the remaining alternatives 
proposing intermediate total lengths. 

 
Table 8-1 - Proposed Santa Clara River Facilities 

 

Alternative
Combined Linear 

Feet of Bank 
Protection

Bridges

Alt. No. 2 (Project) 28956.5 3
Alt. No. 3 & 4 25857.4 2

Alt. No. 5 26066.6 3
Alt. No. 6 25387.1 2

Alt. No. 7 (Avoid) 24883.7 1  
 

Grade control structures are proposed to be comprised of drop structures and grade stabilizers.  While 
the implementation of each structure is different the goal of the placement is the same: drop structures 
dissipate hydraulic energy and minimize scour while grade stabilizers maintain the bed elevation of a 
particular reach of channel by minimizing scour through bed hardening.  The total grade control structures 
proposed for each alternative is summarized in Table 8-1.  The table shows that the Proposed, first and 
second alternatives alternative propose a combination of nine and six structures.  The avoidance 
alternative proposed none. 
 
Bridges are infrastructure elements, which while not expressly intended to have hydraulic impacts, may 
alter bed stability and channel flow.  Alterations to bed stability can occur through the influence of piers, 
abutments and decks.  In each of the alternatives proposed for Santa Clara River three existing bridges 
will be present.  Only the downstream bridge at Highway 126 impacts the flow in the River. 

8.2 Comparison of Influences to Floodplain 

Comparing the various hydraulic parameters for the different alternatives aims to provide insight to the 
hydraulic impacts caused by modifications to the floodplain.  This is because hydraulic parameters, such 
as velocity, may impact other channel components including vegetation and scour.  Table 8-2 compares 
the change in average channel velocity between the existing condition and each of the alternatives.  For 
the lower frequency events the table shows that velocity is reduced in all cases except the Avoidance 
alternative where no change occurs.  The reduction is the result of changing the channel from the varied 
channel bottom and cross-section to one with a regular, trapezoidal shape which provides additional flow 
area.  The Avoidance alternative does not demonstrate any variation from the existing condition during 
more frequent events because the water surface elevation has not risen to the level of the channel 
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improvements.  For less frequent events, velocity increases in all of the alternatives.  This is because the 
channel has been given a regular trapezoidal shape that reduces the area of the floodplain, as well as 
reducing the irregularity of the channel bottom and reducing impedance to flow. 

 
Table 8-2 - Change in Average Velocity Compared to Existing Conditions 

 
Event Alt. No. 2 (Project) Alt. No. 3 & 4 Alt. No. 5 Alt. No. 6 Alt. No. 7(Avoid)

2 NC NC NC NC NC
5 NC NC NC NC NC

10 NC + NC NC NC
20 + + + + NC
50 - NC - - +

100 - - NC - +
Qcap + + + + +  

 
Tables 8-3 and 8-4 compare the maximum depth and top width for the existing and proposed conditions, 
respectively.  Generally, the tables show a strong adherence to Manning’s equation such that in increase 
in velocity between existing conditions and an alternative is related to a decrease in depth and/or a 
decrease in top width.  The specifics are detailed in Section 4. 
 

Table 8-3 - Change in Maximum Depth Compared to Existing Conditions 
 

Event Alt. No. 2 (Project) Alt. No. 3 & 4 Alt. No. 5 Alt. No. 6 Alt. No. 7(Avoid)
2 NC NC NC NC NC
5 NC NC NC NC NC

10 NC NC NC NC NC
20 NC NC NC NC NC
50 + + + + +

100 + + + + +
Qcap + + + + +  

 
 

Table 8-4 - Change in Top Width Compared to Existing Conditions 
 

Event Alt. No. 2 (Project) Alt. No. 3 & 4 Alt. No. 5 Alt. No. 6 Alt. No. 7(Avoid)
2 - + + + +
5 - + + + +

10 - - + + -
20 - - - - -
50 - - - - +

100 - - - - -
Qcap - - - - -  

 
Table 8-5 compares the total bed shear stress between the existing conditions and the different 
alternatives.  In all cases except the Avoidance alternative shear is reduced.  This is a function of 
reducing flow area, depth of flow and/or friction slope by creating a regular, trapezoidal cross-section in 
the proposed conditions.  The reduction in shear is significant because shear plays an important role in 
bed aggradation and degradation, as well as impacting the biological makeup of the bed.  The Avoidance 
alternative appears to increase shear because the improvements reduce the overbank spreading of 
water, reducing the size of the floodplain.  
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Table 8-5 – Change in Total Shear Compared to Existing Conditions 

 
Event Alt. No. 2 (Project) Alt. No. 3 & 4 Alt. No. 5 Alt. No. 6 Alt. No. 7(Avoid)

2 NC NC NC NC NC
5 NC NC NC NC NC

10 NC NC NC NC NC
20 + + + + NC
50 + + + + +

100 + + + + +
Qcap + + + + +  

8.3 Stream Stability 

Tables 8-6.1 to 8-6.5 show the relationship of bed stability changes and hydraulic parameter changes 
between existing and proposed 100-yr conditions.  In general, as velocity increases, channel reaches 
have the potential to degrade more or aggrade less.  In some instances, potential transport indicates that 
reaches will continue to aggrade although velocity increases.  This is because while the average velocity 
and potential transport increase in this reach, they also increase in the upstream reach.  As such, there is 
a smaller relative potential aggradation even though the reach average velocity increases. 
 
An analogous process occurs when average reach velocity decreases while a channel reach continues to 
degrade.  In such a case the relative potential degradation decreases although the average velocity 
drops.  It is possible for potential transport in a given reach to switch from degradation to aggradation 
even though the velocity increases. In these cases the change in potential bed stability in the reach 
upstream from aggrading to degrading shift the location of the potential aggradation downstream.   

 
Table 8-6.1 - Change in Bed Stability & Hydraulic Parameters: 100-Yr Alternative 1 (Existing) vs. Alternative 2 

(Project) Condition 
 

Reach River Sta. to Sta. Alternative 1 
(Existing)

Alternative 2 
(Project) Depth Velocity Top Width Total Shear

SRA1 46195-44210 Aggrade Aggrade NA NA NA NA
SRA2 43820-41460 Aggrade Aggrade NA NA NA NA
SRA3 41280-38925 Degrade Degrade + - + +
SRA4 38710-36265 Aggrade Aggrade + - - +
SRB1 36080-34090 Degrade Degrade + - + +
SRB2 33880-32605 Degrade Aggrade + - + +
SRC1 32265-29385 Aggrade Aggrade - - + +
SCR2 29140-27155 Degrade Degrade + - + -
SRC3 26990-25000 Degrade Degrade + - - +
SRC4 24795-22415 Aggrade Aggrade + + - +
SRD1 22195-20070 Degrade Degrade + - - +
SRD2 19855-17785 Aggrade Aggrade - + - +
SRD3 17510-15335 Degrade Degrade + + - +
SRE1 15125-13190 Degrade Degrade + + - +
SRE2 13030-11180 Aggrade Aggrade + - + +
SRE3 11015-9025 Degrade Degrade + - + +
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Table 8-6.2 - Change in Bed Stability & Hydraulic Parameters: 100-Yr Alternative 1 (Existing) vs. Alternative 3 & 4 
Condition 

 

Reach River Sta. to Sta. Alternative 1 
(Existing)

Alternative 3 
& 4 Depth Velocity Top Width Total Shear

SRA1 46195-44210 Aggrade N/A NA NA NA NA
SRA2 43820-41460 Aggrade N/A NA NA NA NA
SRA3 41280-38925 Degrade N/A + - + +
SRA4 38710-36265 Aggrade N/A + - - -
SRB1 36080-34090 Degrade N/A + - + +
SRB2 33880-32605 Degrade N/A + - + +
SRC1 32265-29385 Aggrade N/A - + + +
SCR2 29140-27155 Degrade N/A + - + -
SRC3 26990-25000 Degrade N/A + - - +
SRC4 24795-22415 Aggrade N/A + + - +
SRD1 22195-20070 Degrade N/A + - - +
SRD2 19855-17785 Aggrade N/A - + - +
SRD3 17510-15335 Degrade N/A + - + +
SRE1 15125-13190 Degrade N/A + + - +
SRE2 13030-11180 Aggrade N/A + - + +
SRE3 11015-9025 Degrade N/A + - + +

 
 

Table 8-6.3 - Change in Bed Stability & Hydraulic Parameters: 100-Yr Alternative 1 (Existing) vs. Alternative 5 
Condition 

 

Reach River Sta. to Sta. Alternative 1 
(Existing) Alternative 5 Depth Velocity Top Width Total Shear

SRA1 46195-44210 Aggrade N/A NA NA NA NA
SRA2 43820-41460 Aggrade N/A NA NA NA NA
SRA3 41280-38925 Degrade N/A + + + +
SRA4 38710-36265 Aggrade N/A + - - -
SRB1 36080-34090 Degrade N/A + - + +
SRB2 33880-32605 Degrade N/A + + - +
SRC1 32265-29385 Aggrade N/A - + + +
SCR2 29140-27155 Degrade N/A + - + -
SRC3 26990-25000 Degrade N/A + - - +
SRC4 24795-22415 Aggrade N/A + + - +
SRD1 22195-20070 Degrade N/A + - - +
SRD2 19855-17785 Aggrade N/A - + - +
SRD3 17510-15335 Degrade N/A + + - +
SRE1 15125-13190 Degrade N/A + + - +
SRE2 13030-11180 Aggrade N/A + - + +
SRE3 11015-9025 Degrade N/A + - - +
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Table 8-6.4 - Change in Bed Stability & Hydraulic Parameters: 100-Yr Alternative 1 (Existing) vs. Alternative 6 
Condition 

 

Reach River Sta. to Sta. Alternative 1 
(Existing) Alternative 6 Depth Velocity Top Width Total Shear

SRA1 46195-44210 Aggrade N/A NA NA NA NA
SRA2 43820-41460 Aggrade N/A NA NA NA NA
SRA3 41280-38925 Degrade N/A + + + +
SRA4 38710-36265 Aggrade N/A + - - -
SRB1 36080-34090 Degrade N/A + - + +
SRB2 33880-32605 Degrade N/A + + - +
SRC1 32265-29385 Aggrade N/A - + + +
SCR2 29140-27155 Degrade N/A + - + -
SRC3 26990-25000 Degrade N/A + - - +
SRC4 24795-22415 Aggrade N/A + + - +
SRD1 22195-20070 Degrade N/A + - - +
SRD2 19855-17785 Aggrade N/A - + - +
SRD3 17510-15335 Degrade N/A + + - +
SRE1 15125-13190 Degrade N/A + + - +
SRE2 13030-11180 Aggrade N/A + - + +
SRE3 11015-9025 Degrade N/A + - - +

 
 

Table 8-6.5 – Change in Bed Stability & Hydraulic Parameters: 100-Yr Alternative 1 (Existing) vs. Alternative 7 
(Avoidance) Condition 

 

Reach River Sta. to Sta. Alternative 1 
(Existing)

Alternative 7 
(Avoidance) Depth Velocity Top Width Total Shear

SRA1 46195-44210 Aggrade N/A NA NA NA NA
SRA2 43820-41460 Aggrade N/A NA NA NA NA
SRA3 41280-38925 Degrade N/A + + + +
SRA4 38710-36265 Aggrade N/A + + + -
SRB1 36080-34090 Degrade N/A + + + +
SRB2 33880-32605 Degrade N/A + + - +
SRC1 32265-29385 Aggrade N/A - + - +
SCR2 29140-27155 Degrade N/A + - + -
SRC3 26990-25000 Degrade N/A + - + +
SRC4 24795-22415 Aggrade N/A + + + +
SRD1 22195-20070 Degrade N/A + + + +
SRD2 19855-17785 Aggrade N/A + + - +
SRD3 17510-15335 Degrade N/A + - + -
SRE1 15125-13190 Degrade N/A - + - +
SRE2 13030-11180 Aggrade N/A + + - +
SRE3 11015-9025 Degrade N/A + + + +
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1. INTRODUCTION  

This report summarizes the focused assessment of potential effects of the Landmark Village 
(Project) on threatened or endangered aquatic species inhabiting the Newhall Ranch reach of 
the Santa Clara River, from the Castaic Creek confluence through the boundary of the proposed 
Landmark Project. Specifically, this report focused on potential impacts to unarmored threespine 
stickleback, arroyo toad, and California red-legged frog as these species are listed as 
threatened or endangered by the State and Federal Endangered Species Act. In addition, this 
assessment includes discussion of potential impacts to southwestern pond turtle and two-stripe 
garter snake designated by the State as "Species of Concern." The primary focus of this 
assessment is to examine potential impacts to the habitat of the above species resulting from 
alterations to local hydrology and corresponding habitat areas through implementation of the 
Project.

1.1 LANDMARK VILLAGE PROJECT (LANDMARK) 

Newhall Land (Newhall) plans to develop approximately 291 acres of property west of Castaic 
Creek adjacent to the north bank of the Santa Clara River.  The Project site is currently used for 
agricultural production, and is within the approved Newhall Ranch Specific Plan boundaries.  
Newhall retained ENTRIX to assess the potential effects of the Project on selected special-
status aquatic species, including unarmored threespine stickleback, arroyo toad, California red-
legged frog, southwestern pond turtle, and two-stripe garter snake. The primary features related 
to the Project examined in this assessment focus on buried soil cement bank stabilization along 
both the north and south banks of the Santa Clara River, erosion protection for portions of the 
utility corridor both east and west of the Landmark Village site, construction of Long Canyon 
Road bridge over the river, which would include bridge abutments and piers, and exposed rock 
rip rap flanking the SR-126 bridge at Castaic Creek. The footprint of the buried bank 
stabilization is set back from the Santa Clara and the existing riparian corridor, and the exposed 
protection along Castaic Creek is along the margin of the active channel. This assessment 
addresses both the construction footprint of the bank protection as well as the anticipated 
hydrologic and water quality influences of the Project on in-stream habitat utilization. 

1.2 BACKGROUND 

Unarmored Threespine Stickleback 

The unarmored threespine stickleback, Gasterosteus aculeatus williamsoni, was designated a 
federally endangered species in 1970 (U. S. Fish and Wildlife Service 1985) and a state 
endangered species in 1971. Populations are restricted to three sections of the upper Santa 
Clara River including the Newhall Ranch reach, which represents the downstream demarcation 
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of the unarmored subspecies.  Currently, Critical Habitat for unarmored threespine stickleback 
has not been designated under the Endangered Species Act. The fish is a small, largely annual 
fish that requires shallow, slow, marginal stream flows with abundant aquatic vegetation for 
cover.  The male guards territories and builds a small nest of decaying vegetation where he 
guards the eggs until they hatch.  Large numbers of stickleback can exist in the summer and fall 
with the long breeding season in southern California, and breeding can be almost all year in dry 
years when a stream is minimally disrupted by storm flows.  Up to a few hundred stickleback per 
10 meters of stream can exist under optimum conditions.  Strong storm flows usually severely 
decimate the population until the streams stabilize in spring and the numbers can build up 
again.

Other populations within the Santa Clara River watershed occur upstream of the Project site 
both in Soledad Canyon above Lang Station (about 12 miles upstream) and in San Francisquito 
Canyon from just below Drinkwater Reservoir upstream to the vicinity of the old St. Francis Dam 
location (about 11..5 miles upstream of the river).  San Francisquito Creek actually enters the 
Santa Clara River about three miles upstream of the Project site near the upper end of the 
downstream unarmored population.  Recently, a population was discovered in upper Bouquet 
Canyon (Jonathan Baskin, pers. comm.) about 11 miles above its mouth at the Santa Clara 
River. Perennial flows occur in the Santa Clara River downstream of the Saugus Water 
Reclamation Plant, which discharges tertiary treated effluent immediately downstream of the 
Bouquet Canyon Road Bridge over the Santa Clara River.  These populations are located 
upstream of the Project site and the hydrology and habitat where these populations are situated 
are clearly not affected by the Project. 

Arroyo Toad  

Arroyo toads (Bufo californicus) occupy the margins of permanent and seasonal streams in 
coastal foothill canyons and valleys and to a limited extent in the desert, but they require 
extremely specialized and limited microhabitat within that general habitat type.  Most spawning 
occurs in shallow overflow pools adjacent to inflow channels of third and higher-order streams. 
During the remainder of the year, adults occupy adjacent sand bars and sandy terraces, nearly 
always within 100 meters of suitable spawning pools.  Suitable spawning pools lack suspended 
silt, aquatic predators, and dense woody bordering vegetation (Sweet 1993).  Suitable bordering 
sandbars are usually dampened by capillarity and often include sparse emergent vegetation.  
The moist substratum keeps metamorphosing juveniles from desiccating during warm summer 
weather (Sweet 1993; Jennings and Hayes 1994).  Suitable terrace habitat includes at least 
some dense overgrowth, such as California sycamore (Platanus racemosa), Fremont 
cottonwood (Populus fremontii), and willows (Salix sp.), but the understory is usually barren 
except for layers of dead leaves (Sweet 1993).  Adult and metamorphosed juvenile arroyo toads 
are known to forage for various invertebrates around the drip line of large oaks (Quercus). They 
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also forage extensively on ants (Sweet 1992, 1993).   Little is known of arroyo toad winter 
hibernaculum requirements, but these toads are believed to hibernate exclusively in the riverine 
terrace, above the level of frequent winter floods (USFWS 1999).     

On April 13, 2005, the U.S. Fish and Wildlife Service issued its Final Designation of Critical 
Habitat for the Arroyo Toad.  Unit 6, covering a portion of the Newhall Ranch reach of the Santa 
Clara River and once considered for inclusion in the Critical Habitat Area, has been removed 
from the Final Designation of Critical Habitat.

California Red-legged Frog

California red-legged frog (Rana aurora draytonii) habitat components include spawning pools 
and their terrestrial borders, spring/summer refuges, and subterranean hibernation sites.  These 
may be combined at single sites or they may be separated by aquatic or terrestrial “dispersal 
corridors” (Hayes & Jennings 1989; Jennings & Hayes 1994).  Spawning pools are the 
ecologically central components of California red-legged frog habitat, because they support all 
elements of the species’ reproductive biology and also provide forage for all red-legged frog life 
stages.  Spawning pools are typically permanent or extended seasonal ponds (through August), 
or stream/spring pools of 0.7-1.2 meters in depth, with dense bordering, emergent, and surface 
vegetation.  Such pools may be as small as 1m2 in surface area, with no known upper area limit.  
Always present at spawning habitat is a large complex invertebrate fauna for juvenile forage, 
extensive submerged herbaceous and algal vegetation for tadpole forage, and small terrestrial 
mammals such as voles (Microtus) that are an important component of adult frog forage 
(Jennings & Hayes 1994).  Most suitable ponds are also partially to fully sunlit with mud or silt 
substrata, environmental factors essential to promote dense floating and emergent vegetation. 
Large populations of exotic predators such as bullfrogs and exotic centrarchid fish are usually 
absent from California red-legged frog spawning pools.   

Newly constructed or impounded ponds rarely support California red-legged frog populations—
most spawning sites have existed in stable, relatively undisturbed form for decades (Barry 
unpbl; Hayes & Jennings 1989).  Likewise, red-legged frog spawning habitat is usually absent 
from river bottomland, presumably because high springtime flows would disrupt spawning 
success by scouring spawning pools and discouraging long-term aquatic vegetative growth.  
California red-legged frogs are vulnerable to early season floods because they spawn in early to 
mid-winter.

Adult California red-legged frogs may move in late spring and summer to shaded pools along 
streams where undercut banks and exposed root masses offer secure refuges.  However, an 
isolated summer refuge component appears not to be critical to population survival because 
many adult frogs may be found throughout the summer at spawning pools.  Hibernaculum 
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preferences probably include lentic substrata (pond bottoms) or any secure subterranean site 
near spawning or summer refuge habitat, such as rodent burrows, vegetation mats, and root 
channels.

California red-legged frog “dispersal habitat” refers usually to stream courses that do not offer 
spawning or summer habitat but could be dispersal corridors between populations (USFWS 
2002).  Such corridors probably pertain more to populations in xeric localities; preliminary data 
from Marin County, California populations indicate that in mesic regions California red-legged 
frogs can disperse across any non-saline vegetated habitat (Gary Fellers, USGS, pers. comm.).  
“Dispersal habitat” as discussed in this report refers to any habitat that could be occupied 
temporarily by California red-legged frogs; it does not necessarily imply that California red-
legged frogs might use such habitat to disperse or move among spawning pool habitats.  

The 2001 Critical Habitat designation for the California red-legged frog was vacated by court 
order, but the U.S. Fish and Wildlife Service (2004a) reproposed Critical Habitat with 
substantially the same boundaries on 13 April 2004.  A Final Rule is expected in spring 2005.  
Neither Critical Habitat designation included any part of the Santa Clara River or tributaries in 
the Landmark Project Area.  

Southwestern Pond Turtle  

Southwestern pond turtles (Clemmys (Emys) marmorata pallida), a California Species of 
Concern, require exposed permanent or extended seasonal (through August) slow or still water, 
bordered by or in the vicinity of suitable upland oviposition (egg deposition) habitat.  Suitable 
oviposition areas are usually gently sloping treeless hillsides well above floodplains, with 
southern or southwestern exposure and clay or possibly sandy soil (Holland 1991).  Eggs are 
deposited in flask-shaped vertical excavations from late spring through summer, and hatchlings 
apparently remain in the nest until the following spring (Holland 1991).  All life history stages of 
post-emergent pond turtles are highly aquatic. Suitable aquatic habitat for adult pond turtles 
usually includes relatively deep water (at least 0.5 meter) with secure basking sites (logs, 
exposed banks, etc) within reach of secure subsurface concealment.  The aquatic substratum 
may be silty, muddy, or rocky.  Juveniles are generally more secretive than adults and may 
favor more secure basking habitat such as densely vegetated sections of ponds and stream 
pools (Barry unpbl. obs.). A complex invertebrate fauna and relatively high primary productivity 
typically also characterize southwestern pond turtle aquatic habitat (Jennings and Hayes 1994).  
The most important forage for hatchlings is nektonic plankton, but adults utilize a variety of plant 
and animal forage sources (Bury 1986). 
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Two-striped Garter Snake 

The two-striped garter snake (Thamnophis hammondii) occurs from southern Baja California 
north to central Monterey and western Fresno Counties (Rossman and Stewart 1987).  These 
snakes are found most frequently along the margins of rocky and sandy streams with fairly fast 
water, and they were formerly ubiquitous and abundant in association with such habitat 
throughout coastal southern California (Jennings and Hayes 1994).  The two-striped garter 
snake is a California Species of Concern because most of its characteristic habitat in the 
lowlands of Southern California has been severely degraded and consequently this species has 
disappeared from substantial portions of its range (Stewart 1968; Jennings and Hayes 1994).  
Two striped garter snakes are believed to feed almost exclusively on fish and tadpoles, which 
they catch in shallow water by stalking, ambushing, or by cornering against submerged rocks or 
root masses (Jennings and Hayes 1994; Barry unpbl. obs).  Thus, even though they are 
fundamentally terrestrial, they depend entirely on aquatic habitat for forage.   

Although the preferred microhabitat for this species is poorly understood, the greatest numbers 
seemingly occur in areas along stream courses where the combination of in-stream rocky or 
other cover, terrestrial vegetative or other cover, and easy access to aquatic forage species of 
the appropriate size range exists (Barry unpbl obs.).  For example, along relatively undisturbed 
reaches of the San Gabriel River in the San Gabriel Mountains these snakes are frequently 
found along relatively shallow rocky pools that laterally border somewhat deeper reaches, and 
they also frequent exposed root masses associated with pools created by the fallen trees.  
Smaller fish and tadpoles are typically abundant and easy for the snakes to capture in the 
shallow sections and the root mass pools, and larger fish occur in the adjacent deeper sections 
(Barry unpbl. obs.).  Shoreline rocks, burrows, and dense vegetation (including root masses) 
offer excellent terrestrial cover, and submerged rocky aggregations offer aquatic refugia.  Thus, 
although these wary snakes are often abundant and easily observed in such habitat, they are 
difficult to capture because they rarely stray far from secure cover and they flee rapidly into the 
water when approached (Barry unpbl. obs.).  

Two-striped garter snakes are active nearly year-round in the Southern California lowlands, but 
in higher elevations they hibernate for a variable time span during the winter, and emerge as 
early as February.  They usually mate soon after emergence, but females of this species can 
become gravid with sperm stored from matings that occurred as long as two years previously 
(Stewart 1972).  Two-striped garter snakes bear live young in litters that average 8-10, usually 
in late July (Rossman and Stewart 1987).  Mortality in newborns is probably fairly high, in 
particular because newborns may have difficulty securing small amphibian or fish prey in 
disturbed waterways (Jennings and Hayes 1994; Barry unpbl. obs.).  
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1.3 STUDY SCOPE 

The scope of this assessment is on the potential effects of the Project on the target aquatic 
species described above. The assessment is based on a review of technical and regulatory 
documents provided by Newhall Land (Section 2.1) and a field reconnaissance survey of the 
Project site.  Additionally, the preparers of this assessment have relied upon their extensive 
knowledge and experience on this subject.  See Section 5, below, for a list of the preparers of 
this assessment.  In addition, please refer to Appendix B for copies of the resumes of the 
preparers.  No new quantitative surveys or analyses were conducted as part of this study. 

1.4 ORGANIZATION OF DOCUMENT 

The remainder of this report is organized as follows: 

Section 2 describes the methods used in the development of the assessment. 

Section 3 discusses the results of this assessment. 

Section 4 cites literature and technical references used in the preparation of this 
assessment.  These reference documents are incorporated herein by this reference.  

Section 5 is the list of preparers of this assessment.   
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2. METHODS 

The methods used to conduct this assessment are based on review of technical and regulatory 
documentation provided by Newhall, and field reconnaissance surveys of the Project area. The 
methods are described in greater detail below. 

2.1 REVIEW OF EXISTING PROJECT REPORTS AND DOCUMENTATION 

The following technical reports and supporting documentation were reviewed in assessing the 
potential effects of the Landmark Village Project on sensitive aquatic species inhabiting the 
Santa Clara River and their habitat: 

Biological Resources Assessment of the Proposed Santa Clara River Significant Ecological 
Area.  Los Angeles County Department of Regional Planning.  PCR Services Corporation, 
Frank Hovore and Associates, FORMA Systems, November 2000.  

Final EIS/EIR: 404 Permit and 1603 Streambed Alteration Agreement for Portions of the 
Santa Clara River and its Tributaries, Los Angeles County. Valencia Company, August 
1998.

Results of Focused Surveys for Arroyo Toad and Special-Status Aquatic Reptiles and 
Amphibians, River Village Project; Newhall Ranch, Valencia, California.  Newhall Ranch 
Company, Compliance Biology, Inc, Camarillo, CA, October, 2004. 

Biological Resources of the Upland Areas of the West Ranch.  Newhall Land and Farming 
Company, Valencia, California, Dames and Moore, Santa Barbara, California, July 1993. 

Natural River Management Plan: Permitted Projects and Activities. Santa Clara River and 
tributaries. Valencia Company, November 1998. 

Results of Focused Surveys for Arroyo Toad and Special-Status Aquatic Reptiles and 
Amphibians within the Natural River Management Plan Area, Valencia, California. Impact 
Sciences, September 2001.

Aquatic Surveys Along the Santa Clara River Part I: Castaic Junction Project Area, Los 
Angeles County, California. Aquatic Consulting Services, Inc., April 2002.

Aquatic Surveys Along the Santa Clara River Part III: West of Commerce Center Bridge to 
the Ventura County Line, California. Aquatic Consulting Services, Inc., June 2002.
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Biological Opinion for the Natural River Management Plan, Santa Clarita, Los Angeles 
County, California (1-8-02-F-4R) (File No. 940050400-BAH). U.S. Fish and Wildlife Service, 
November 2002. 

Results of Focused Surveys for Unarmored Threespine Stickleback and Other Special-
Status Fish Species, Newhall Ranch, Valencia California. Impact Sciences, Inc., January 
2003.

Results of Focused Surveys for Arroyo Toad and Special-Status Aquatic Reptiles and 
Amphibians within the Newhall Ranch Area, Los Angeles County, California.  Newhall Land 
and Farming, Impact Sciences, Inc., September 19, 2001. 

Letter from Scott Cameron (Ecological Sciences, Oxnard, CA) to Rick Farris, U.S. Fish and 
Wildlife Service, Ventura, CA, Subject: Permit submittal requirements, TE 808242, arroyo 
toad surveys, Los Angeles County, California, August 2, 2001. 

Letter from Scott Cameron (Ecological Sciences, Oxnard, CA) to Mark Subbotin, Newhall 
Ranch Co, Valencia, CA, Subject: Results of focused arroyo toad surveys, Auto Center 
Expansion Project and Hart Baseball and Softball Complex (Hart Complex Area), Santa 
Clarita, California. 

Letter from David Crawford (Impact Science, Inc, Agoura Hills, CA) to Mark Subbotin, 
Newhall Land and Farming, Subject: Brief summary of arroyo toad survey results in NRMP 
area, June 18, 2001. 

Biota Report, Newhall Ranch Specific Plan, Los Angeles County Department of Regional 
Planning, Los Angeles, California, September 7, 1995, July 1996 revision. 

SEATAC Biota Report, Combined San Francisquito Canyon Projects (West Creek (VTTM 
52455) and East Creek (VTTM 44831, 52667), Newhall Land and Farming Company, 
Significant Ecological Area 19, San Francisquito Canyon, Los Angeles County, California, 
Los Angeles County Department of Regional Planning, Frank Hovore & Associates, San 
Marino Environmental Associates, Planning Consultants Research, August 19, 1998. 

Amended 404 Permit (No. 940050400-BAH) for Natural River Management Plan. U.S. Army 
Corps of Engineers, June 2003.

Proposed Designation of Critical Habitat for the California red-legged frog (Rana aurora 
draytonii), U.S. Fish and Wildlife Service, April 13, 2004, 69 FR 19620-19642.
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Proposed Designation of Critical Habitat for the Arroyo Toad, U.S. Fish and Wildlife Service, 
April 28, 2004, 69 FR 23254-23328. 

Final Designation of Critical Habitat for the Arroyo Toad, Final Rule. U.S. Fish and Wildlife 
Service, April 13, 2005, 50CFR Part 17 (RIN 1018-AT42). 

Revised Additional Analysis to the Newhall Ranch Specific Plan and Water Reclamation 
Plant Final Program EIR, Volume VIII (May 2003), Section 2.3, Floodplain Modifications. 

Flood Technical Report for the Landmark Village Project (2006). Pacific Advanced Civil 
Engineering, Inc. (PACE) 

Landmark Village Water Quality Technical Report. (GeoSyntec Consultants 2006).

2.2 REVIEW OF RECORDS AND LITERATURE 

Information on the special-status wildlife of the proposed Landmark Project Area was obtained 
through a search of the California Natural Diversity Database (CNDDB; CDFG, 2004); from 
searches of the specimen catalogues of the major California vertebrate museum collections 
(detailed below); from the U.S. Fish and Wildlife Service (USFWS), Ventura Office, Endangered 
Species Division’s species list (USFWS 2003); and from reports on biological studies completed 
in the Project vicinity. Preliminary identification of potential habitat for sensitive aquatic species 
within the Project site was determined by reviewing aerial photography provided by Newhall 
Land.  Site visits on 31 March and 10 November 2004 identified other potential habitat. 

The first step to evaluate Project effects on potential populations of the target special-status 
aquatic species is to determine the historical presence of these species within the Project area.  
ENTRIX biologists queried the California Natural Diversity Database (CDFG 2004), the 
collection catalogue of the Los Angeles County Museum of Natural History (LACM), and the 
online collection databases of the Museum of Vertebrate Zoology, University of California, 
Berkeley (UC Berkeley 2004); and the California Academy of Sciences (CAS 2004), to obtain 
this information.  Various literature sources were also used.   (Disclaimer: CNDDB and museum 
records always carry some degree of uncertainty because of potential misidentifications or 
incorrect locality data.  Further, the absence of species records from any given site does not 
imply that the species is absent from the site).   

The ENTRIX biologists then examined maps and aerial photographs to locate aquatic habitat 
within and near the banks of the Santa Clara River within the Project site.  Aquatic habitat 
suitability for any of the reptile and amphibian species was determined by comparison with 
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previously published assessments (e.g., Holland 1991; Jennings and Hayes 1994; Sweet 1992, 
1993; USFWS 1999, 2002), as well as by the ENTRIX biologists’ extensive experience with the 
species in various parts of California.  To assess the potential effects of the proposed Project on 
unarmored threespine stickleback, arroyo toad, California red-legged frogs, southwestern pond 
turtles, and two-striped garter snakes, ENTRIX biologists consulted the USFWS Biological 
Opinion for the Natural River Management Plan (NRMP), Santa Clarita, Los Angeles County, 
California (1-8-02-F-4R), dated 15 November 2002; various natural history accounts for these 
species (e.g., Jennings and Hayes 1994; Holland 1991; Sweet 1992; Swift et al. 1993; Stebbins 
1951); Newhall Ranch Specific Plan Final Program EIR (March 1999); Revised Additional 
Analysis to the Newhall Ranch Specific Plan and Water Reclamation Plant Final Program EIR, 
Volume VIII (May 2003), Section 2.3, Floodplain Modifications; Landmark Village Water Quality 
Technical Report. (GeoSyntec Consultants April 2006); and the PACE Flood Technical Report 
for the Landmark Village Project (2006).   

2.3 FIELD RECONNAISSANCE SURVEYS 

Several herpetological and ichthyological reconnaissance surveys were conducted in the spring 
and late fall of 2004 to document habitat conditions within the Project area (Figure 1). An 
additional reconnaissance was performed in February 2005 following a severe January flood 
event (Figure 2). The survey activities are more fully described in the following sections. 

Herpetological Reconnaissance Surveys 

ENTRIX biologists, Sean Barry and Matt Carpenter, conducted reconnaissance-level field 
surveys, focused on the following sensitive aquatic vertebrate species and their associated 
habitat within the Santa Clara River floodplain: 1) southwestern arroyo toad; 2) California red-
legged frog; 3) southwestern pond turtle; and 4) two-striped garter snake. The purpose of field 
surveys was to analyze the potential effects of the Landmark Village Project on these species 
and their habitat. 

The surveys were conducted on March 31 and November 10, 2004 in and along the Santa 
Clara River, within the boundaries of the Landmark Project site (Castaic Creek west to Chiquito 
Creek).  The Project site was examined for aquatic habitat, such as flowing or standing water, 
emergent vegetation, and associated aquatic species. During the November survey, the 
ENTRIX biologist photographed the Santa Clara River channel within the Project area every 
100-200 feet, and also photographed other areas of potential aquatic species habitat, to 
document the stream cross-sections and to document any potential bordering and other 
associated cover, pool, and channel habitat.  See Appendix A for photographs. 
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Potential habitat for arroyo toads, California red-legged frogs, western pond turtles, and two-
striped garter snakes was noted, along with other features relevant to life history, such as the 
presence of prey or predators.  Habitat factors noted for arroyo toads included the presence of 
clear, standing water (required for egg deposition), sandy banks, and the presence of willows, 
cottonwood, and sycamore trees.  Habitat factors noted for California red-legged frogs included 
relatively deep and vegetated sunlit pools.  Habitat factors noted for southwestern pond turtles 
included permanent or nearly permanent water, depth of water, basking sites such as partially 
submerged logs, rocks, mats of floating vegetation or open mud banks, and suitable terrestrial 
sites for egg-laying.  Habitat factors noted for two-striped garter snakes included isolated stream 
channels with adjacent shallow and deep moving water with bordering vegetative (including root 
masses) or rocky cover, in-stream cover, and evidence of fish.  

Ichthyological Reconnaissance Surveys

ENTRIX biologists, Dr. Camm Swift and Steve Howard, conducted reconnaissance-level field 
surveys, focused on unarmored threespine stickleback. The purpose of these field surveys was 
to analyze the potential effects of the Landmark Project on this species and its associated 
habitat. The entire reach of the Santa Clara River from the mouth of Salt Creek to the Castaic 
Junction was surveyed on March 31 and April 1, 2004. An additional survey was conducted on 
November 8, 2004 in the Santa Clara River and Castaic Creek from the mouth to the State 
Route 126 (SR-126) Bridge within the Landmark Village Project area.  The surveys focused 
mainly on evaluating habitat conditions within these reaches and in establishing the relative 
proximity from the stream side Project boundary to in-stream habitats.  Most of these efforts 
were visual habitat assessments documented by field photographs with special reference to 
unarmored threespine stickleback and other fishes.  Some collecting was conducted with a 
small seine (1.8 X 1.2 m, 3 mm mesh/6 X 3 feet, one eighth inch mesh) and aquarium dip nets 
in habitats that could potentially contain sticklebacks.  Further upstream, the Santa Clara River 
at the Commerce Center Drive Bridge area and Castaic Creek near the Interstate 5 Bridge was 
examined on December 16, 2004. 

Winter 2005 Post-Flooding Reconnaissance Surveys

Camm Swift and Sean Barry conducted an additional survey within the Landmark Village 
Project reach of the Santa Clara River on February 1, 2005 to document and evaluate habitat 
changes due to the recent large storm flows that disturbed much of the habitat that was 
previously examined.
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3. RESULTS 

This section discusses the results of the assessment and addresses potential impacts of the 
Project on the target special-status aquatic species.  Based on the review of hydraulic modeling 
documents provided, it appears that very little or no physical in-stream changes will result from 
the Project.  This assessment focuses on the effect of bank stabilization (Figure 3) on those 
species and does not address other terrestrial features of the Project.  Much of the existing 
terrestrial habitat is currently in a disturbed (agricultural) state and is poorly suited for the target 
species.  The hydraulic models reviewed suggest that the in-stream conditions will not be 
affected by the bank protection features except in extreme flood event years. 

The results of the assessment for each species are described further below: 

3.1 UNARMORED THREESPINE STICKLEBACK 

Historical and Recent Vicinity Records

Unarmored threespine stickleback collections have been few and widely scattered in the Del 
Valle Zone of the Santa Clara River with a few notable exceptions.  One exception is the refuge 
area identified during the surveys for the Mobil and Arco 1994 oil spill investigations.  This is an 
area of marshy habitat just north northeast of Magic Mountain that apparently is always wetted 
and contains numerous stickleback.  During the oil spill, this refuge area was apparently not 
affected since the main river flow directed the contamination away from this sensitive area.   

Thus, it was also considered a site for relocating rescued stickleback that could not be returned 
to the main river immediately because of the oil contamination. 

Results of ENTRIX Field Reconnaissance 

The March 31 and April 1, 2004 surveys were during relatively high spring flows and the river 
had recently been scoured and fresh sediments were present.  Also virtually all marginal 
herbaceous vegetation and other cover were washed out along much of the river.  Due to an 
unusual set of strong October rain storms, the river was also scoured out during the visits in 
November and December 2004.  Typically, the November and December collections would 
precede any high flows, marginal herbaceous vegetation would be well developed, and fishes 
would be abundant.  Due to the early storms, the habitat conditions noted during our surveys 
were comparable to those normally associated with early spring conditions. In some drought 
years, the river goes without being substantially scoured out and fishes can remain abundant all 
year.  For our spring 2004 surveys, the habitat was more or less in early spring scoured 
conditions.    
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During the spring 2004 survey, the river was running a visually estimated 30 to 40 cubic feet per 
second (cfs) and was turbid with visibility to about 50 cm.  Some small spring tributaries and 
isolated pools were clear.  The water temperature ranged from 22-26 degrees and at least four 
areas of upwelling with water at 18 to 20 degrees C.  The substrate was variously sand, gravel, 
and cobble and 10-40% of the margins of the river had some vegetative cover such as 
herbaceous vegetation, debris, or overhanging trees or bushes.  This marginal vegetation was 
just beginning to develop, as was green algae in the water.  About 30-40% of the habitat was 
low to high gradient riffles with the remaining being runs.  Eight to ten deeper, standing or 
backwater pools, more than 1 m deep, were seen near large obstructions.   In the area of the 
mouth or delta of Castaic Creek in the Santa Clara River, a small flow entered the main river 
with a few associated pools and backwaters.  However, it was emerging from the stream bed a 
few hundred meters upstream since the main Castaic Creek was dry farther upstream. In about 
30 seine hauls and 140 dips with aquarium dip nets, throughout the stretch examined over the 
two days, no stickleback were taken or seen.  Arroyo chubs were abundant, and one Santa Ana 
sucker was taken.  Larval arroyo chubs were commonly seen and up to about 15 sucker larvae 
were observed.  Some backwater areas had clawed frogs and about 25 were taken.  In addition, 
several clawed frog larvae were seen in isolated floodplain pools. 

The survey on November 8, 2004 was restricted specifically to the Landmark Village Project 
area and the well scoured channel with an estimated 25-30 cfs of flow and sand was about 75% 
of the substrate and gravel, cobble, and rock, the other 25% in the main river.  Visibility was 
about 50 cm in the main river and some isolated ponds were clearer.  Several isolated or spring 
fed pools existed in the riparian areas on the north side of the floodplain and were choked with 
cattails, willows, and Arundo.  The shores of the main river channel where almost entirely 
scoured off by the October storms.  Ten seine hauls took six half grown to adult unarmored 
threespine stickleback in backwater areas of the main river that serve as small refuges during 
scouring flows.  Arroyo chubs were common in the river with over 150 taken, and in the oxbow 
ponds crayfish (about 20 taken) were common.  One large arroyo chub was taken in the oxbow 
ponds, along with one small clawed frog.  A few mosquitofish were collected and other seen in 
the protected oxbows.  Even though some fish were common or very locally abundant, these 
were in occasional oxbow and marginal areas with most areas of faster flow devoid of fishes. 

On the December 16, 2004 visit, Castaic Creek was dry all the way to the SR-126 Bridge and 
the only wetted areas were near storm drains that were surveyed earlier this year and found to 
be fishless.  The Commerce Center Drive Bridge area was similar to the river downstream 
examined by Swift and Howard, but no fish collections were made and no fish were seen.  The 
Commerce Center Drive Bridge is upstream of the Landmark Village Project. 

Following a severe flood event in January 2005, ENTRIX biologists conducted a one-day 
reconnaissance survey of the Project reach to evaluate the response of habitat conditions. 
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Generally, plant and animal life had been flushed from the active stream channel. Riparian and 
aquatic vegetation along the stream margins had been scoured. Few or no aquatic insects were 
observed during numerous spot inspections. The streambed also aggraded in many areas, 
particularly in backwater pools where significant shallowing or complete filling had occurred.  
Significant deposition of sand and gravel was also observed in the forms of lateral and mid-
channel bars. Most exotic aquatic species appeared to have been flushed out by the flooding 
events. Based on this survey, the observed flood event would have flushed out most aquatic 
species due to its size and severity, with or without the proposed Project improvements. Figure 
2 illustrates the state of channel conditions in the Santa Clara River along the Project area 
following the January 2005 flood.

Project Impacts 

The potential impacts to unarmored threespine stickleback due to the construction and 
persistence of the Project's bank stabilization features and the bridge construction are expected 
to be less than significant. Stickleback are known to inhabit the Newhall Ranch reach of the 
Santa Clara River adjacent to the Landmark Village Project area. The location of the proposed 
stabilization features is set back beyond the existing riparian corridor in a majority of the Project 
and construction would not interface with the active stream channel. The hydrologic influence of 
the bank stabilization on fish is likely to be essentially transparent when viewed in conjunction 
with flood flow conditions. Based on reconnaissance surveys conducted following recent flood 
events (January and February 2005), high flow conditions appear to have dislocated and 
dispersed aquatic organisms downstream. 

The Flood Technical Report for the River Village Project (PACE 2006) found that there would be 
no significant impacts in water flows, velocities, depth, sedimentation, or floodplain and channel 
conditions adjacent to and downstream of the Project site as a result of the proposed Project 
improvements. These hydraulic effects were also found to be insufficient to alter the amount, 
location and nature of aquatic and riparian habitats in the Project area and downstream into 
Ventura County.  The technical analysis further determined that the river would still retain 
sufficient width to allow natural fluvial processes to continue; and, as a result, the mosaic of 
habitats in the river that support various sensitive species would be maintained, and the 
population of the species within and immediately adjacent to the river corridor would not be 
significantly affected. Based on that technical assessment, no impacts to adjacent or 
downstream populations of the unarmored threespine stickleback are expected.  

The Landmark Village Water Quality Technical Report (GeoSyntec 2006) indicates that 
modeled concentrations in runoff from developed areas with Project Design Features (PDFs) 
are below all benchmark water quality objectives and criteria and TMDL waste load allocations 
for the Santa Clara River and are addressed by a comprehensive site design, source control, 
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and treatment control strategy. These water quality objectives are established to protect various 
beneficial uses including general wildlife, sensitive, rare and endangered species.  Therefore, 
potential impacts from the Project on receiving water quality and beneficial uses in the Santa 
Clara River are not significant. Based upon that Report, no impacts to adjacent or downstream 
populations of unarmored threespine stickleback are expected. 

3.2 ARROYO TOAD 

Historical and Recent Vicinity Records 

Neither of the museum database queries (CAS 2004; UC Berkeley 2004) yielded records of the 
arroyo toad from the main channel of the Santa Clara River.  However, mainstem Santa Clara 
River CNDDB records for the arroyo toad exist from the “Santa Clara River, just east of 
Interstate 5” (1994), which is about two miles east of the River Village Project site, and from 
“Bear Canyon at the Santa Clara River, six miles upstream of Solemint” (2001), which is about 
eleven miles east of the Project site.  Arroyo toads were also found recently at the confluence of 
San Francisquito Creek and the Santa Clara River, about 2.3 miles east of the River Village 
Project (Impact Sciences 2001). Further, the Aquatic Consulting surveys (2002a) reported 
arroyo toad tadpoles from pools adjacent to the Valencia Water Treatment Plant and from a 
pool just upstream of the River Village Project area (site 26).  Among north tributaries to the 
Santa Clara River, arroyo toads are well-known from the Blue Point area along Piru Creek 
(CNDDB, LACM, and CAS records); from several sites along Sespe Creek (Ventura County) 
(CNDDB and LACM records and Sweet (1992)); and from at least one location along Castaic 
Creek north of Castaic Lake (CNDDB 2004; Compliance Biology 2004; U.S. Fish and Wildlife 
Service 2004). The existence of tributary records upstream and downstream of the Project area, 
as well as the in-channel Santa Clara River records west of Interstate 5 place the Project site 

within the probable distribution of the arroyo toad in the Santa Clara River channel. The recent 
origin of many of the records indicates that the arroyo toad still inhabits suitable habitat within 
the Santa Clara River basin, including the main channel.  However, although standardized 
USFWS “protocol” surveys conducted recently within the Landmark Village Project site (Impact 
Sciences 2001; Compliance Biology 2004) showed that all of the components of arroyo toad 
habitat exist within the Landmark Village Project boundaries, these studies failed to document 
the occurrence of arroyo toads within such boundaries.  Non-protocol surveys by Aquatic 
Consulting Services (2002b) also identified arroyo toad habitat in the Santa Clara River from the 
Landmark Village Project downstream to the Ventura County line. 
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Results of ENTRIX Field Reconnaissance 

The March 31, 2004 survey was conducted during daylight hours from just northwest of the 
Travel Village trailer park along Castaic Creek downstream to the Wolcott Road crossing, with 
particular attention to the braided Castaic Creek channel complex just upstream of the 
confluence with the Santa Clara River.  A spot survey was also conducted at the Long Canyon 
crossing downstream of Wolcott Road.  Potential arroyo toad spawning habitat in the form of 
overflow pools with stable gravel or sandbars and nearby terrace vegetation was noted 
throughout the braided channel, and in the main stem of the Santa Clara River just downstream 
of the Wolcott Road crossing on the north and in places on the south sides of the river.  
Although the water level was fairly high because of winter storm runoff, overflow pools were 
visible but submerged upstream of the Long Canyon crossing, on the north bank of the river 
mainstem.  No arroyo toads were observed during this reconnaissance surveys, but none would 
be expected because of the early season and the time of day of the survey. 

The November 10, 2004 survey was conducted during daylight hours from the junction of 
Chiquito Creek and SR-126 downstream to the Santa Clara River, then upstream along the 
mainstem Santa Clara River to the confluence with Castaic Creek, then upstream along Castaic 
Creek nearly to SR-126.  Flows in the mainstem river were lower than they had been the 
previous March, although they were undoubtedly recently augmented by heavy autumn rains.  
However, Chiquito Creek was dry between SR-126 and the Santa Clara River, and the Chiquito 
Creek channel was not incised or otherwise well defined close to the confluence.  This suggests 
that Chiquito Creek flows downstream of SR-126 tend to be very episodic, short term, and 
sediment-loaded.  A long overflow channel was visible along the north side of the Santa Clara 
River between the Long Canyon crossing and Wolcott Road, but this channel was choked with 
several generations of emergent vegetation (especially cattails (Typha)) and may not be suited 
to arroyo toad spawning.  This is probably the same channel that was submerged but visible 
during the March 31, 2004 survey.  The braided complex at the Castaic Creek confluence was 
mostly dry, but the main channel of Castaic Creek where it parallels and eventually flows into 
the Santa Clara River just upstream of the Wolcott Road crossing still held substantial water (to 
about 18 inches depth).  How much of this had resulted from the recent rains was not clear.  
Castaic Creek itself from the braided complex upstream to SR-126 was essentially dry, and 
overflow channels of the type preferred by arroyo toads as spawning habitat were not evident 
upstream of the braided complex.  However, bordering terrace habitat on the south side of the 
Santa Clara River and along much of Castaic Creek was clearly well suited to arroyo toads.  No 
arroyo toads were observed during this survey, but none would be expected because of the 
lateness of the season, the time of day of the survey, and the prevailing cool weather. 

Following a severe flood event in January 2005, ENTRIX biologists conducted a brief one-day 
reconnaissance survey of the Project reach to evaluate the response of habitat conditions. 
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Generally, plant and animal life had been flushed from the active stream channel. Riparian and 
aquatic vegetation along the stream margins had been scoured. Few or no aquatic insects were 
observed during numerous spot inspections. The streambed also aggraded in many areas, 
particularly in backwater pools where significant shallowing or complete filling had occurred.  
Significant deposition of sand and gravel was also observed in the forms of lateral and mid-
channel bars. Most exotic aquatic species appeared to have been flushed out by the flooding 
events. Based on this survey, the observed flood event would have flushed out most aquatic 
species due to its size and severity, with or without the proposed Project improvements. Figure 
2 illustrates the state of channel conditions in the Santa Clara River along the Project area 
following the January 2005 flood.

The early 2005 flood events severely altered riparian habitat conditions which may take up to 
several years to finally reach pre-flood condition equilibrium. Overall, the surveys confirmed that 
limited potential arroyo toad spawning and foraging habitat typically exists along the Santa Clara 
River and possibly Castaic Creek within the Landmark Village Project Area boundaries. 
However, the results of the focused USFWS protocol surveys cited above indicate that arroyo 
toads are very scarce or absent along these reaches and along the Santa Clara River 
downstream to the Los Angeles-Ventura County line (Aquatic Consulting Services 2002).  The 
following discussion of Project impacts pertains only to available arroyo toad foraging and 
spawning habitat within the Landmark Village Project Area. 

Project Impacts 

Although the arroyo toad has not been recorded from within the Project area, seemingly 
suitable, but limited, habitat exists within the Project boundaries in the reach from Castaic Creek 
downstream at least to Wolcott Road and possibly to the Long Canyon crossing. It is not 
anticipated that the proposed Project's bank stabilization features will substantially alter the local 
sediment transport regime or otherwise affect in-stream habitat (spawning, foraging) for arroyo 
toad.  The Project area falls within an extremely dynamic reach of the Santa Clara River where 
high disturbance flood events occur every 5 to 10 years and change the existing stream 
structure. The EIR/EIS for the NRMP area, located directly east of the Landmark site, stated 
that the widening of the river channels within the areas of bank protection (i.e., stabilization) 
would not cause system-wide channel or bed erosion, or aggradation.  In its 1998 and 2002 
Biological Opinions on the NRMP (p. 30), the U.S. Fish and Wildlife Service accepted the 
NRMP's findings, and stated further that the NRMP would not affect arroyo toad habitat 
negatively within the Santa Clara River mainstem.  Utilization of these same methods of bank 
protection in Landmark are anticipated to lead to the same result – no affect of arroyo toad 
habitat.
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The Flood Technical Report for the Landmark Village Project (PACE 2006) found that there 
would be no significant impacts in water flows, velocities, depth, sedimentation, or floodplain 
and channel conditions downstream of the Project site as a result of the proposed Project 
improvements. These hydraulic effects were also found to be insufficient to alter the amount, 
location and nature of aquatic and riparian habitats in the Project area and downstream into 
Ventura County.  The technical analysis further determined that the river would still retain 
sufficient width to allow natural fluvial processes to continue; and, as a result, the mosaic of 
habitats in the river that support various sensitive species would be maintained, and the 
population of the species within and immediately adjacent to the river corridor would not be 
significantly affected.  Based on that technical assessment, no impacts to downstream 
populations of the arroyo toad are expected. 

The Landmark Village Water Quality Technical Report (GeoSyntec 2006) indicates that 
modeled concentrations in runoff from developed areas with Project Design Features (PDFs) 
are below all benchmark water quality objectives and criteria and TMDL waste load allocations 
for the Santa Clara River and are addressed by a comprehensive site design, source control, 
and treatment control strategy. These water quality objectives are established to protect various 
beneficial uses including general wildlife, sensitive, rare and endangered species.   

Therefore, potential impacts from the Project on receiving water quality and beneficial uses in 
the Santa Clara River are not significant. Based upon that Report, no impacts to downstream 
populations of arroyo toad are expected. 

3.3  CALIFORNIA RED-LEGGED FROG  

Historical and Recent Vicinity Records

There are no California Natural Diversity Database records for the California red-legged frog 
from the Santa Clara River watershed, Los Angeles and Ventura Counties.  However, the 
Museum of Vertebrate Zoology (UC Berkeley 2003) lists 17 specimens from Soledad Canyon 
(Santa Clara River channel) in its collection, from as recently as 1953.  More precise locality 
data are unavailable.  The California Academy of Sciences (CAS 2003) also lists a Soledad 
Canyon specimen, from 1950.  The nearest specific locality to the Project site is some 15 miles 
upstream near the confluence with Agua Dulce Creek. Jennings and Hayes (1994) and the 
CNDDB indicate that this species still occurs in the Santa Clara River watershed, in sites along 
San Francisquito Creek 5-10 miles northeast of the Project site, and in tributaries to the Santa 
Clara River in Ventura County.  The closest documented Ventura County occurrence is in Piru 
Creek 4.5 miles north of Piru, about 10 airline miles west to north-west of the Project site 
(USFWS 2002).  Potential spawning habitat for California red-legged frogs also exists in some 
of the small tributaries that flow north into the Santa Clara River, within and near the Project 
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boundaries.  Further, the verified records upstream and downstream of the Project site place the 
Project site within the distribution of the California red-legged frog along the Santa Clara River. 

Results of ENTRIX Field Reconnaissance

The field evaluations indicate that potential spawning or summer habitat for the California red-
legged frog is absent from the main channel of the Santa Clara River within the Project site.  
Further, the various USFWS protocol surveys for arroyo toads conducted along the Santa Clara 
River from Santa Clarita to the Ventura County line during the past few years would probably 
have found California red-legged frogs if they occurred in the mainstem of the Santa Clara 
River, but none were reported during these surveys.  California red-legged frogs generally avoid 
large river channels with widely fluctuating flows, because such habitat usually does not permit 
reproductive activity (Hayes and Jennings 1989).  For example, episodic winter flooding (typical 
of the Santa Clara River stream channel) may dislodge egg masses, and subsequent 
desiccation before the summer (also typical of the Santa Clara River) would kill tadpoles before 
they could metamorphose.  Conversely, during the late winter and autumn, when California red-
legged frogs may be most likely to move randomly (USFWS 2002), the mainstem Santa Clara 
River channel can be considered potential “dispersal habitat,” primarily because adult frogs can 
survive in the main channel during that season.   

Following a severe flood event in January 2005, ENTRIX biologists conducted a one-day 
reconnaissance survey of the Project reach to evaluate the response of habitat conditions.  
Generally, plant and animal life had been flushed from the active stream channel. Riparian and 
aquatic vegetation along the stream margins had been scoured. Few or no aquatic insects were 
observed during numerous spot inspections.  The streambed also aggraded in many areas, 
particularly in backwater pools where significant shallowing or complete filling had occurred.  
Significant deposition of sand and gravel was also observed in the forms of lateral and mid-
channel bars.  Most exotic aquatic species appeared to have been flushed out by the flooding 
events.  Based on this survey, the observed flood event would have flushed out most aquatic 
species due to its size and severity, with or without the proposed Project improvements. Figure 
2 illustrates the state of channel conditions in the Santa Clara River along the Project area 
following the January 2005 flood.

Project Impacts 

As indicated above, field evaluations indicate that potential spawning or summer habitat for the 
California red-legged frog is absent from the main channel of the Santa Clara River within the 
Project site. Within the Project site boundaries, impacts to California red-legged frogs would 
probably result only from construction activity effects on the unlikely presence of dispersing red-
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legged frogs during the construction process. On that basis, implementation of Project 
improvements would not significantly affect California red-legged frog populations.   

The Flood Technical Report for the Landmark Village Project (PACE 2006) found that there 
would be no significant impacts in water flows, velocities, depth, sedimentation, or floodplain 
and channel conditions downstream of the Project site as a result of the proposed Project 
improvements. These hydraulic effects were also found to be insufficient to alter the amount, 
location and nature of aquatic and riparian habitats in the Project area and downstream into 
Ventura County. The technical analysis further determined that the river would still retain 
sufficient width to allow natural fluvial processes to continue; and, as a result, the mosaic of 
habitats in the river that support various sensitive species would be maintained, and the 
population of the species within and immediately adjacent to the river corridor would not be 
significantly affected. Based on that technical assessment, no impacts to downstream 
populations of the California red-legged frog are expected.  

The Landmark Village Water Quality Technical Report (GeoSyntec 2006) indicates that 
modeled concentrations in runoff from developed areas with Project Design Features (PDFs) 
are below all benchmark water quality objectives and criteria and TMDL waste load allocations 
for the Santa Clara River and are addressed by a comprehensive site design, source control, 
and treatment control strategy. These water quality objectives are established to protect various 
beneficial uses including general wildlife, sensitive, rare and endangered species.   

Therefore, potential impacts from the Project on receiving water quality and beneficial uses in 
the Santa Clara River are not significant. Based upon that Report, no impacts to existing 
populations of Red-legged Frog are expected. 
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3.4 SOUTHWESTERN POND TURTLE 

Historical and Recent Vicinity Records

Southwestern pond turtles are probably distributed throughout the Santa Clara River watershed, 
wherever there are sufficient permanent or near-permanent water and oviposition sites to 
support populations.  However, the CNDDB includes only two Santa Clara River records of 
southwestern pond turtles, from near Castaic Junction (2000) and from downstream near the 
Ventura County line (1998).  Neither of the museum databases includes any Santa Clara River 
watershed southwestern pond turtle records.  Conversely, the Impact Sciences (2001) report 
states that during those surveys pond turtles were observed numerous times at unspecified 
sites within the NRMP reaches, presumably where sufficient water existed to satisfy the aquatic 
habitat requirements discussed previously.   

Results of ENTRIX Field Reconnaissance

During the March 31, 2004 field reconnaissance survey, ENTRIX biologists observed pond 
turtles at the confluence of Castaic Creek and the Santa Clara River and at the Long Canyon 
crossing.  The November survey revealed that suitable aquatic habitat remains in the mainstem 
late in the year (presumably augmented by autumn rains).  Neither survey identified specific 
terrestrial oviposition habitat, but moderate west- and south-facing meadowland slopes in the 
canyon openings appear to supply oviposition habitat requirements.  Some potentially suitable 
oviposition habitat may also occur along the Castaic Creek embankment between the 
confluence with the Santa Clara River and Interstate 5.  However, firm claylike soils, a possible 
oviposition site requirement (Holland 1991), seem to be absent from the mainstem channel, 
including the terrace on the north river bank. 

Following a severe flood event in January 2005, ENTRIX biologists conducted a one-day 
reconnaissance survey of the Project reach to evaluate the response of habitat conditions.  
Generally, plant and animal life had been flushed from the active stream channel. Riparian and 
aquatic vegetation along the stream margins had been scoured. Few or no aquatic insects were 
observed during numerous spot inspections.  The streambed also aggraded in many areas, 
particularly in backwater pools where significant shallowing or complete filling had occurred.  
Significant deposition of sand and gravel was also observed in the forms of lateral and mid-
channel bars. Most exotic aquatic species appeared to have been flushed out by the flooding 
events.  Based on this survey, the observed flood event would have flushed out most aquatic 
species due to its size and severity, with or without the proposed Project improvements. Figure 
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2 illustrates the state of channel conditions in the Santa Clara River along the Project area 
following the January 2005 flood. 

Project Impacts 

Project impacts on southwestern pond turtles will probably include temporary or permanent 
alteration of aquatic channel foraging habitat consequent to construction activities, possible loss 
of basking areas, but probably no long-term effects from bank stabilization as long as adjacent 
braids and overflow channels continue to exist.  Oviposition habitat on the south bank and 
downstream will probably not be affected by bank stabilization, but may be temporarily disturbed 
during future road and bridge development. 

The Flood Technical Report for the Landmark Village Project (PACE 2006) found that there 
would be no significant impacts in water flows, velocities, depth, sedimentation, or floodplain 
and channel conditions downstream of the Project site as a result of the proposed Project 
improvements.  These hydraulic effects were also found to be insufficient to alter the amount, 
location and nature of aquatic and riparian habitats in the Project area and downstream into 
Ventura County.  The technical analysis further determined that the river would still retain 
sufficient width to allow natural fluvial processes to continue; and, as a result, the mosaic of 
habitats in the river that support various sensitive species would be maintained, and the 
population of the species within and immediately adjacent to the river corridor would not be 
significantly affected.  Based on that technical assessment, no impacts to adjacent or 
downstream populations of the southwestern pond turtle are expected.  

The Landmark Village Water Quality Technical Report (GeoSyntec 2006) indicates that 
modeled concentrations in runoff from developed areas with Project Design Features (PDFs) 
are below all benchmark water quality objectives and criteria and TMDL waste load allocations 
for the Santa Clara River and are addressed by a comprehensive site design, source control, 
and treatment control strategy. These water quality objectives are established to protect various 
beneficial uses including general wildlife, sensitive, rare and endangered species.   

Therefore, potential impacts from the Project on receiving water quality and beneficial uses in 
the Santa Clara River are not significant. Based upon that Report, no impacts to adjacent or 
downstream populations of southwestern pond turtle are expected. 

3.5 TWO-STRIPED GARTER SNAKE 

Historical and Recent Vicinity Records
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Santa Clara River records for the two-striped garter snake in the Newhall Ranch region are 
absent from the CNDDB and the museum collections, yet the various reports reviewed for this 
document and personal communications with local biologists indicate that this species occurs 
somewhat commonly along this reach of the river.  

Results of ENTRIX Field Reconnaissance

During the March 31, 2004 survey, the ENTRIX biologists observed one two-striped garter 
snake near an exposed root mass along the braided confluence of Castaic Creek and the Santa 
Clara River.  Exposed root masses are particularly favored by these snakes because they offer 
secure shelter and they tend to form small shallow backwater pools where small fish congregate 
and are easy for the snakes to capture (Barry unpbl. obs.).  The November 10, 2004 survey 
revealed that such isolated complex refugia are very limited along the reach from Castaic Creek 
to Chiquito Creek, but the survey also revealed that low dense bankside vegetation, another 
type of favored retreat, occurs almost continuously along the north side of the river from 
Chiquito Creek upstream nearly to the Wolcott Road crossing.  Much of this vegetation is 
associated with overflow pools that entrap fish during the late spring and early summer, which 
undoubtedly attracts two-striped garter snakes in greater than typical numbers to exploit this 
resource.  However, subsequent pool drying eliminates this resource and garter snakes 
consequently disperse, to return during the following spring when the forage resource is 
renewed (Barry unpbl. obs.). 

Following a severe flood event in January 2005, ENTRIX biologists conducted a one-day 
reconnaissance survey of the Project reach to evaluate the response of habitat conditions. 
Generally, plant and animal life had been flushed from the active stream channel.  Riparian and 
aquatic vegetation along the stream margins had been scoured. Few or no aquatic insects were 
observed during numerous spot inspections.  The streambed also aggraded in many areas, 
particularly in backwater pools where significant shallowing or complete filling had occurred.  
Significant deposition of sand and gravel was also observed in the forms of lateral and mid-
channel bars. Most exotic aquatic species appeared to have been flushed out by the flooding 
events.  Based on this survey, the observed flood event would have flushed out most aquatic 
species due to its size and severity, with or without the proposed Project improvements. Figure 
2 illustrates the state of channel conditions in the Santa Clara River along the Project area 
following the January 2005 flood.

Project Impacts 

Project impacts on two-stripe garter snake will be less than significant since the proposed 
Project's bank stabilization features are set back from the active channel and existing snake 
habitat. No adverse change to foraging habitat is expected from implementation of the Project. 
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The Flood Technical Report for the Landmark Village Project (PACE 2006) found that there 
would be no significant impacts in water flows, velocities, depth, sedimentation, or floodplain 
and channel conditions downstream of the Project site as a result of the proposed Project 
improvements. These hydraulic effects were also found to be insufficient to alter the amount, 
location and nature of aquatic and riparian habitats in the Project area and downstream into 
Ventura County.  The technical analysis further determined that the river would still retain 
sufficient width to allow natural fluvial processes to continue; and, as a result, the mosaic of 
habitats in the river that support various sensitive species would be maintained, and the 
population of the species within and immediately adjacent to the river corridor would not be 
significantly affected.  Based on that technical assessment, no impacts to adjacent or 
downstream populations of the two-striped garter snake are expected.  

The Landmark Village Water Quality Technical Report (GeoSyntec 2006) indicates that 
modeled concentrations in runoff from developed areas with Project Design Features (PDFs) 
are below all benchmark water quality objectives and criteria and TMDL waste load allocations 
for the Santa Clara River and are addressed by a comprehensive site design, source control, 
and treatment control strategy. These water quality objectives are established to protect various 
beneficial uses including general wildlife, sensitive, rare and endangered species.   

Therefore, potential impacts from the Project on receiving water quality and beneficial uses in 
the Santa Clara River are not significant. Based upon that Report, no impacts to adjacent or 
downstream populations of two-striped garter snake are expected. 
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ENTRIX technical staff through the background document review, field reconnaissance and 
document preparation phases and supported technical discussion of issues related to 
stickleback and fish. 

Camm Swift, Ph.D., Senior Fisheries Biologist: conducted field reconnaissance survey and 
background document review; prepared technical discussion of issues related to stickleback 
and fish. 

Sean Barry, M.S., Senior Herpetologist: conducted field reconnaissance surveys and 
reviewed background documents, site photos and field reconnaissance documentation; 
prepared technical discussion of issues related to amphibians and reptiles. 

Matt Carpenter, Senior Project Scientist: assisted in 2005 field reconnaissance survey and 
background document review. 

 Resumes for these preparers are included in Appendix B. 
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Figure 1. Landmark Village Study Area (Santa Clara River) – Newhall Ranch, California 
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Figure 2. Landmark Village Study Area Aerial Photograph (following January 2005 Flooding) 
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Castaic Creek / Santa Clara River Confluence photographed in November 2004 prior to winter 2005 floods. 

Castaic Creek upstream of confluence following January 2005 flood (note vegetation scoured throughout). 
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Spring 2004 channel conditions at the Landmark Village Project site (facing upstream)  

Isolated pool seined for fish and other aquatic vertebrates during the Spring 2004 reconnaissance. 
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STEVEN R. HOWARD

aquatic invertebrate ecology   
fisheries biology

habitat assessments and mapping
instream flow analysis/IFIM

limnology
salmonid biology

stream and estuarine ecology
water quality assessment
environmental monitoring

EDUCATION

Humboldt State University, Arcata, CA:  B.S., Fisheries, 1999
Ventura College, General Education, Biology & Mathematics 1993-1994

  Cuesta College, General Education, Biology & Mathematics 1992-1993

PERMITS, CERTIFICATION AND ADDITIONAL TRAINING

California Department of Fish and Game.  Resident Scientific Collecting Permit No.
801226-04
USFWS Project Permitted Tidewater Goby Specialist in Ventura and Santa Cruz
Counties
Theory and Application of the Physical Habitat Simulation System, Utah State
University, May 2002
Sampling Theory and Design Workshop, Humboldt State University, March 2002
Aquatic Ecological Assessment Workshop, CDFG, March 2002

PROFESSIONAL EXPERIENCE

Mr. Howard is an interdisciplinary scientist with an emphasis on aquatic studies including
fishery habitat assessment and population surveys, fish species identification, fisheries
techniques, fish passage assessment, fish and aquatic invertebrate population analysis,
water quality assessment, and wildlife population and escapement surveys.  Mr. Howard
has preformed numerous projects in aquatic habitats ranging from high elevation lakes
and streams to coastal estuaries. Mr. Howard has also conducted projects including
subsurface soil and groundwater investigations, environmental impact studies,
environmental monitoring, and site closure and remediation.  Mr. Howard has been
involved in permitting large power projects and smaller instream projects throughout
California.

Fish Population Studies

Mr. Howard has conducted numerous fish population studies throughout many of the
western states. Representative projects include chinook, steelhead and bull trout studies
in northern California and Oregon, steelhead studies in central and southern California,
various trout species studies in California, Oregon and Idaho, and native fish studies in
Oregon and southern California. Mr. Howard has also conducted fish population surveys
in southern and central California estuaries for the endangered tidewater goby.
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RELAVENT EXPERIENCE

Fish and Wildlife Studies

McKenzie River Watershed Spring Chinook Population Study – Lane County,
OR
Mr. Howard conducted chinook salmon spawning surveys, obtained biological
samples from spawned-out salmon, collected downstream migrants, monitored fish
passage though leaburg dam, and monitored bull trout migration under the Western
Oregon Research and Monitoring Program. Mr. Howard conducted these projects for
the Oregon Department of Fish and Wildlife.
Oregon State Elk Population Study – Lane County, OR
Mr. Howard managed an initial statewide effort to obtain elk teeth and tissue samples
throughout the state of Oregon.  This effort was successful and set precedent for
future Oregon Department of Fish and Wildlife elk tissue collection efforts. 
United Water Conservation District FERC Relicensing Project – Ventura
County, CA
ENTRIX, Inc. designed multiple studies under agency consultation during the FERC
application process. Mr. Howard conducted fish population studies and identified fish
species present in Piru Creek below Santa Felecia Dam, within Piru Lake and above
the lake in Piru Creek. 
United Water Conservation District Steelhead Migration Project – Ventura
County, CA
ENTRIX, Inc. directed fish passage monitoring and fish rescue consultation involving
steelhead on the lower Santa Clara River.  Mr. Howard was the lead fisheries biologist
for the project. The Vern Freeman Diversion fish passage facility includes a fish
ladder, fish screens, and a downstream migrant fish trap. During steelhead
migration, facilities at the diversion were inspected for stranded steelhead and
resident rainbow trout for relocation to the appropriate habitat.  These operations
were interim mitigation measures for section 10 incidental steelhead take.
PacifiCorp FERC Relicensing Project – Jackson County, OR
ENTRIX, Inc. conducted numerous aquatic studies under agency consultation during
the FERC reliscencing application process. Mr. Howard analyzed fish population data
in the upper Rogue River watershed to estimate salmonid population densities above
and below dams. 
Moyie River Fish Population Study – Bonner County, ID 
ENTRIX, Inc. conducted a salmonid relative abundance survey in the Moyie River in
Idaho.   The survey was performed utilizing four divers at several gas pipeline river
crossings.  This was conducted in conjunction with past monitoring and a proposed
expansion of the pipeline at the crossings in the Moyie River.  Mitigation for each
crossing consisted of installing Riprap wings to prevent bank Scour and rock-drop
structures to form rearing and holding pools.
Ventura County Flood Control Tidewater Goby Project – Ventura County, CA
ENTRIX, Inc. served as fisheries professional to the Ventura County Flood Control
District during pipe maintenance in the Hueneme drain.  A temporary impoundment
was placed around the work area which trapped numerous fish including tidewater
gobies.  Mr. Howard identified fish species within the impoundment and relocated all
fish away from the work area.
Ventura County Flood Control Bank Stabilization Project – Ventura County, CA
ENTRIX, Inc. served as fisheries professional for Ventura County Flood Control
District during a bank stabilization and habitat restoration project on the Sespe River. 
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Mr. Howard was in charge of identifying fish species for relocation outside of the
project boundary.  
San Clemente Dam Retrofit Drawdown Project – Monterey County, CA
ENTRIX, Inc. is conducting annual fish rescues upstream of San Clemente Dam and
fish trapping and relocation activities to appropriate habitats downstream of San
Clemente Dam for California-American Water Company.  Water quality monitoring
was also an important part of this project during the drawdown activities.  Dissolved
oxygen can drop dramatically during these types of projects.  Aerators were installed
throughout the reservoir to maintain adequate DO levels during the project.  A low
percentage of steelhead mortalities occurred during this project.  Mr. Howard
conducted fish rescues and relocations and water quality monitoring during this
project.  Mr. Howard was one of a few biologists permitted by NOAA Fisheries to
conduct electrofishing and fish relocation activities during this project.
Haines Creek Native Fish Population Monitoring and Exotic Species Removal
Project – Los Angeles County, CA
ENTRIX, Inc. is involved in a multi-year fish population monitoring project on Haines
Creek. Haines Creek is one of a few creeks that has sustaining populations of Santa
Ana suckers and Santa Ana speckled dace. Numerous exotic species are also found in
Haines Creek such as largemouth bass, green sunfish, mosquito fish and crawfish.
Sampling is conducted by a 2-pass seining method in 200-meter sample sites. 
San Lorenzo River Steelhead and Tidewater Goby Relocation Project – Santa
Cruz County, CA
ENTRIX, Inc. conducted steelhead and tidewater goby rescue and relocation activities
during a bank stabilization project in the tidally influenced reach of the San Lorenzo
River. A portadam was constructed around the work area and water was pumped out
the impoundment.  During fish rescue operations, Mr. Howard discovered the first
known tidewater goby in the San Lorernzo River, which prompted further
consultation to complete the project.  Entrix, Inc. assisted in expediting this
consultation process with the USFWS and NOAA Fisheries by monitoring water quality
within the impoundment and describing tidewater goby habitat and in the San
Lorenzo River.

Habitat Assessment Studies

Habitat Typing Projects – California and Oregon
ENTRIX, Inc. performs numerous habitat typing investigations for multiple clients
throughout the United States. Mr. Howard has performed habitat typing field projects
in northern California coastal rivers and in mountain streams in southern California
and Oregon.
Steelhead Habitat and Passage Assessment – Ventura County, CA
ENTRIX, Inc. conducted a steelhead habitat and passage assessment for the City of
Ventura to be included in the Ventura River Habitat Conservation Plan. Mr. Howard
was the lead fisheries biologist in charge of assessing steelhead habitat on North Fork
Matilija Creek.  A diversion facility on the Ventura River currently blocks access to
headwater steelhead habitat in North Fork Matilija Creek and its tributaries.  A fish
passage facility is planned for construction in the near future allowing upstream
migration to important steelhead habitat in the North Fork Matilija.  This habitat
assessment quantified spawning and rearing habitat for southern California steelhead
trout.
Matilija Creek Steelhead Habitat Evaluation – Ventura County, CA
ENTRIX, Inc. conducted a steelhead habitat evaluation for the Matilija Dam
Ecosystem Restoration Project. Mr. Howard assisted a project team during this
evaluation. The report supplemented the F3 Feasibility Study prepared by the US
Army Corps of Engineers and Ventura County Flood Control District. The Matilija Dam
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project is the largest dam removal and restoration activity ever proposed in
California. Restoration will connect endangered southern California ESU steelhead
with nearly 50 percent of its historic Ventura River basin spawning and rearing
habitat.
Salsipuedes Creek Fish Passage Project – Santa Barbara County, CA
ENTRIX, Inc. modified an existing concrete apron to provide for fish passage along
Salsipuedes Creek near Lompoc, California. Responsibilities included surveying,
conducting site reconnaissance studies, preparing design drawings, permit
information, and a grant application, and construction oversight.  Mr. Howard
assisted the project engineer on anadromous fish passage criteria for the project.

Bioassessment and Invertebrate Studies

Olympic View Sanitary Landfill Wetland Evaluation – Kitsap County,WA
ENTRIX, Inc. conducted statistical analysis of previously collected data to evaluate
relationships between chemical and physical water parameters and the abundance
and diversity of macroinvertebrates in a wetland adjacent to the landfill.
Stepwise regression analysis attempted to correlate species abundance and richness
with water quality and chemistry to assess localized impacts. Mr. Howard conducted
this statistical analysis and assisted the project team with the final report. 
Santa Clara River Estuary Bioassessment – Ventura County, CA
ENTRIX, Inc. designed and conducted this bioassessment study which involved
stratified sampling of several estuarine habitats for benthic macroinvertebrates in the
Santa Clara River Estuary. Mr. Howard was the lead field biologist on this project.
The macroinvertebrate data characterized the assemblage diversity and develops
relationships between species abundance, density, richness and microhabitat
preferences (grain size, salinity tolerances, etc.).  The objective of this study was to
support the City and LAWRQCB in the development of defensible site-specific NPDES
limits for metals discharged to the estuary.
Big Creek FERC Relicensing Bioassessment Project - Sierra National Forest, CA
ENTRIX, Inc. performed this study under agency consultation for the SCE Big Creek
FERC relicensing application process. Mr. Howard was a lead biologist on this
bioassessment project.  The project was conducted in a large portion of the South
Fork San Joaquin River watershed.  Macroinvertebrate sampling occurred above and
below large dams and small diversions to assess Southern California Edison project
impacts. 

Instream Flow Studies/PHABSIM Modeling

United Water Conservation District FERC Relicensing IFIM Project – Ventura
County, CA
ENTRIX, Inc. conducted an instream flow study to determine the impacts of Santa
Felicia Dam on the steelhead habitat in Piru Creek.  Mr. Howard lead a crew
comprised of client staff and sub-contractors.
United Water Conservation District FERC Relicensing Steelhead Migration
Project– Ventura County, CA
ENTRIX, Inc. conducted a migration study on the Santa Clara River downstream of
Piru Creek to determine adequate flow releases that would facilitate steelhead
upstream migration to Piru Creek.  
Ventura River IFIM Project – Ventura County, CA
ENTRIX, Inc. conducted this instream flow study to determine the impacts of dams
and diversions on the steelhead habitat in the Ventura River.  The results of this
study will assist in the identification of factors potentially limiting fish populations in
the effected reaches of the Ventura River and to determine appropriate minimum
instream flows.  Mr. Howard conducted the field investigation, PHABSIM Modeling
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and produced the final report. Instream Flow Incremental Methodology (IFIM) studies
in Oregon and California including the Ventura River.  These projects use multiple
flow regimes in determining fish habitat suitability downstream from dams and
diversions.
Matilija Creek IFIM Project – Ventura County, CA
ENTRIX, Inc. conducted this instream flow study to determine the impacts of releases
from Matilija Dam on Steelhead rearing and spawning habitat from the dam to the
Robles Diversion on the Ventura River.  The results of this study will assist in the
identification of factors potentially limiting fish populations in the effected reach and
to determine appropriate release flows and ramping rates. Mr. Howard conducted the
field investigation, data collection, and modeling setup. 
PacifiCorp FERC IFIM Project – Jackson County, OR
ENTRIX, Inc. conducted this instream flow study to determine the impacts of dams
and diversions on fisheries habitat in the upper Rogue River watershed.  Mr. Howard
assisted in the field investigation and data collection.

Water Quality Studies

Santa Clara River Estuary Metals Translator Study – Ventura County, CA
ENTRIX, Inc. conducted a yearlong investigation focused on determining the metals
translators for copper, nickel, zinc, and lead in the Santa Clara River Estuary.  There
are chemical differences between the Ventura Water Reclamation Facilities (VWRF)
discharged effluent and the receiving Santa Clara River water.  The Metals Translator
Study determined what fraction of metals in the VWRF effluent were dissolved in the
receiving water, and therefore bioavailable. Mr. Howard was the lead investigator on
the Santa Clara River Estuary Metals Translator Study for the City of San
Buenaventura.
Big Creek FERC Relicensing Water Quality Project – Sierra national Forest, CA
ENTRIX, Inc. conducted a water quality study related to the hydroelectric relicensing
of Southern California Edison’s Big Creek system in the San Joaquin River watershed.
Study sites were selected by ENTRIX and a combined agency working group
targeting large reservoirs, small impoundments, and streams below project facilities.
Mr. Howard was in charge of multiple sampling teams working throughout the San
Joaquin watershed. 

Environmental Monitoring

360 Networks Fiber Optics Project – Modoc, Lassen, Tehama, Glenn, Butte,
Yuba, and Sutter Counties, CA
ENTRIX, Inc. monitored fiber optic installation that occurred within a variety of
sensitive habitats including rivers, wetlands, vernal pools, caves, and cultural
resource areas.  Many species listed under the California and Federal endangered
species acts were of special concern on this project. Mr. Howard was the lead
environmental monitor on this fiber optics project for the California Public Utilities
Commission.  No significant environmental impacts, under the adopted
environmental mitigation measures, occurred on this project.
Southern Trails Gas Pipeline Project – Riverside County, CA
ENTRIX, Inc. monitored fiber optic installation that occurred within a variety of
sensitive dessert habitats including rivers, washes, reptile and bird habitats, and
cultural resource areas in the Mojave Dessert near Palm Springs, California.  Mr.
Howard was the Lead Field Coordinator for the California State Lands Commission on
this project.  The pipeline right-of-way was 8 miles long which crossed numerous
washes including the San Gorgonio River. No significant environmental impacts,
under the adopted environmental mitigation measures, occurred on this project.
Ventura County Flood Control Sediment Removal– Ventura County, CA
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ENTRIX, Inc. monitored a sediment removal and channel maintenance project on
Pole Creek in Fillmore, California. Mr. Howard served as fisheries professional and
Environmental Monitor to the Ventura County Flood Control District on this project.
This creek is a tributary to the Santa Clara River which supports a small population of
endangered southern California steelhead trout. Mr. Howard assessed steelhead
habitat quality and steelhead migration barriers.  Additionally, Mr. Howard monitored
construction to eliminate the possibility of project related steelhead impacts. 

PROFESSIONAL HISTORY

ENTRIX, Inc. Senior Staff Scientist, 2003 to date
ENTRIX, Inc. Staff Scientist, 2000 to 2003
Oregon Dept. of Fish and Wildlife, 1998

AFFILIATIONS

American Fisheries Society, Oregon and Cal-Neva Chapters since 1998
Trout Unlimited
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C A M M  S W I F T fish and fisheries biology

aquatic ecology / habitat restoration
ESA compliance and consultation

environmental monitoring
estuarine and stream ecology

archaeological and paleontological analysis

EDUCATION

Florida State University, Tallahassee, Florida: Ph.D., Biology (Ichthyology), 1970
University of Michigan, Ann Arbor, Michigan: M. A., Zoology, 1965
University of California, Berkeley, California: A.B., Zoology, 1963

PROFESSIONAL HISTORY

Entrix, Inc., Senior Project Scientist, present
Independent Consultant, 5 years
Loyola Marymount University, Visiting, Department of Biology, 3 years
Natural History Museum of Los Angeles County, Associate Curator of Fishes, 22 years

PROFESSIONAL TRAINING

Electrofishing Workshop, Smith-Root Company, American Fisheries Society Annual
Meeting, Phoenix, Arizona, August 2002
Workshop on interactive teaching (National Science Foundation supported), Los
Angeles Cooperative for Teaching Excellence, California State University, Dominguez
Hills, California, Spring 1997

PROFESSIONAL EXPERIENCE

Camm Swift has more than 20 years of experience working on the biology and
conservation of freshwater and estuarine fishes of coastal southern California. He has
served on the Recovery Teams for the unarmored threespine stickleback and tidewater
goby, both federally endangered species, and was an author of the recovery plans for
both fish. He has extensive knowledge on the freshwater fishes of coastal southern
California, including their biology, requirements for recovery, and habitat restoration
needs for improving conservation status. He has major expeditionary experience in the
fresh and estuarine waters of the southeastern United States, Pacific coastal Mexico and
Costa Rica, the Indus River Delta, Pakistan, and Amazonian Peru. He has extensive field
and supervisory experience. He has conducted literature searches, written
comprehensive reports and peer-reviewed publications, and served as an expert witness
on fishery conservation issues. He has considerable experience in the identification and
analysis of archaeological and fossil fish bones from the southeastern United States,
southern California, and coastal Pakistan.
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RELEVANT EXPERIENCE

Environmental/Civil Engineering

Biology and Distribution of Federally Endangered Tidewater Goby on
Vandenberg Air Force Base – California.
Dr. Swift developed a sampling program to assess relative population size and
distribution with bimonthly sampling of five coastal lagoons and streams on Vandenberg
Air Force Base to define the biological parameters of this fish species on the base. He
and several students conducted sampling and preliminary aging with otoliths, and
prepared a major report on the biology of the species and recommendations for
management of the species on the Base.

Status of Freshwater Fishes - Southern California
Dr. Swift supervised crews of three to six graduate students surveying the esturarine
and freshwaters of coastal southern California, and prepared a report of findings for the
Department of Fish and Game. The report led to major publication on these fishes, and
provided much of the information justifying eventual federal and state listing of the more
threatened species.

Distribution, Migration, and Predation on the Federally Threatened Santa Ana
Sucker - Santa Ana River, California
Dr. Swift conducted a study of Santa Ana suckers in the middle Santa Ana River in San
Bernardino, Riverside, and Orange counties to determine population levels, areas of
spawning, distribution of larvae and young-of-the-year fish, possible diversion (and loss)
of suckers into settling ponds, and impacts of exotic predatory aquatic organisms on the
suckers. Dr. Swift prepared a report that provided basis for several management
strategies to improve conditions for the sucker and lead to its eventual recovery. The
study included snorkel surveys, three-pass transect population estimates with
electroshocking, pit tagging of larger suckers, and developing characters to identify
larval suckers.

Dynamics of Estuarine Fish Populations in Small Coastal Lagoons - Camp
Pendleton
Dr. Swift conducted periodic fish collections in seven coastal lagoons over 5 years to
monitor status and fluctuations in populations of the federally endangered tidewater
goby and associated estuarine fish species. He documented the effects of the 1998 El
Nino on these populations and their rebound back to “normal.”  He also documented true
metapopulational phenomena among the tidewater goby populations subsequently
confirmed by genetic studies.

Fish Communities of Ballona Marsh - western Los Angeles County
Dr. Swift conducted two studies (Natural History Museum of Los Angeles County in 1980-
81 and San Marino Environmental Associates in 1997-98), each consisting of a series of
collections over a 1-year period, to describe the existing fish communities, document
changes over time, and recommend measures for long-term management of the marsh
for native fishes.

Management Plan for Exotic Aquatic Organisms - Camp Pendleton
Dr. Swift prepared a comprehensive report on the distribution and status of exotic
aquatic species on the base, and proposed many measures for their management and
control.
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Management and Control of Exotic Aquatic Organisms - Haines Creek-Lower Big
Tujunga Wash, Los Angeles County
Dr. Swift is conducting a 5-year effort to remove or control exotic fishes, amphibians,
turtles, and crayfish in this 1.7-kilometer stream and two associated ponds. A wide
variety of methods are being utilized, including gill nets, various traps, removal of frog
egg masses, seining, and snorkeling to spear fish and disrupt nesting basses and
sunfishes. Dr. Swift is monitoring native fish populations to assess the effects of exotic
control efforts by performing stratified random sampling of 16 transects in the stream.

Steelhead Surveys and Monitoring - Vandenberg Air Force Base, CA
Using methods based on the California Department of Fish and Game Salmonid Stream
Restoration Manual, Dr. Swift provided comprehensive steelhead habitat description and
assessment on five smaller drainages. The project included complete habitat typing of all
five streams, snorkel and visual surveys for steelhead and other native fishes, upstream
and downstream trapping during the winter migratory period, and historical research.

Advise Six-Agency Committee on Quality and Rationale for Critical Habitat
Designations for Endangered Big River Fishes in the Colorado River -
Southwestern United States
Dr. Swift conducted comprehensive historical research on the biology of four fishes and
analysis of their needs for determining the validity and justification for the U.S. Fish and
Wildlife Service Critical Habitat designations and how they might affect operations of the
MWD.

Expert Witness on Coastal Minnow/Sucker Community – Southern California
Dr. Swift provided extensive and detailed information on the biology of these fishes to
support the California Department of Fish and Game’s position of the extreme
importance of the wash habitat for their continued existence. The surviving remnant fish
community consisted of the Santa Ana sucker (federally threatened) and Santa Ana
speckled dace and arroyo chub, both California species of special concern.

AFFILIATIONS

American Fisheries Society, President-Elect, President, and Past President, Cal-Nevada
Chapter, 1996-1998
American Society of Ichthyologists and Herpetologists
Estuarine Research Federation (including recently formed California Estuarine
Research Society [CAERS])
Southern California Academy of Sciences, Secretary, President and Fellow, 1985-1991
Society of Vertebrate Paleontology
Western Field Ornithologists
California Native Plant Society
American Association for the Advancement of Science
Sigma Xi

PUBLICATIONS AND PRESENTATIONS

Swift, C. C., J. S. Nelson, C. Maslow, and T. Stein. 1989. Biology and distribution of the
tidewater goby, Eucyclogobius newberryi, (Pisces:Gobiidae) of California. Nat. Hist. Mus.
Los Angeles Co., Contrib. Sci., 404, 19 pp.
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Swift, C. C. 1989. Late Pleistocene freshwater fishes from the Rancho La Brea deposit,
southern California. Bull. S. Calif. Acad. Sci., 88(3):93-102.

Imber, M. J., J. B. Cruz, J. S. Grove, R. J. Lavenberg, and C. C. Swift. 1992. Feeding
Ecology of the dark-rumped petrel in the Galapagos Islands. The Condor, 94(2):437-
447.

Swift, C. C., T. R. Haglund, R. Fisher, and M. Ruiz. 1993. Status and distribution of the
freshwater fishes of southern California. Bull. S. Calif. Acad. Sci. 92(3):101-167.

Swift, C. C. 1996. Chapter 30. Distribution and Migration. Pp. 595-630. (excluding
literature cited incorporated a single large section at end of book). In:  Carl Bond.
Biology of Fishes (Ichthyology Textbook). Second Edition. Harcort, Brace, and Co.,
Philadelphia  Chapter revised and submitted for third edition in March, 2003 under
overall editor, Michael Barton, Centre College.

Lafferty, K., R. Swenson, and C. C. Swift. 1996. Tidewater goby; endangered species
profile. Environmental Biology of Fishes, 46:254.

Lafferty, K., Swift, C. C., and R. Ambrose. 1999a. Post flood persistence and
recolonization of the endangered tidewater goby populations. North American Journal of
Fisheries Management, 19(2):618-622.

__________________________. 1999b. Extirpation and recolonization in a
metapopulation of an endangered fish, the tidewater goby. Conservation Biology,
13(6):1447-1453.

Swift, C. C., K. Hieb, and R. Swenson. 2002. Family Gobiidae, pp. 7-9. IN:  William S.
Leet, Christopher M. Dewees, Richard Klingbeil, and Eric J. Larson (editors), California’s
Living Marine Resources: A status report. The Errata. California Department of Fish and
Game, Sacramento, CA (December, 2001). The larger work appeared in early 2002
lacking the Gobiidae Chapter due to editorial error; it was included in the Errata
subsequently printed and added to the Web edition [www.dfg.ca.gov/mrd]

Dawson, M. N., K. D. Louie, M. Barlow, D. K. Jacobs, and C. C. Swift. 2002. Comparative
phylogeography of sympatric sister species, Clevelandia ios and Eucyclogobius newberryi
(Teleostei, Gobiidae), across the California transition zone. Molecular Ecology, 11:1065-
1075.

Swift, C. C. and D. Holland. 2002. Exotic fish species and their impacts on small coastal
lagoons in southern California. (Abst.). Bull. S. Calif. Acad. Sci., 101(2), Supplement, p.
32.

Swift, C. C. 2002. Interaction between native fish, habitat, and exotic species in the
middle Santa Ana River, southern California. (Abst.), Bull. S. Calif. Acad. Sci., 101(2),
Supplement, p. 32.
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S E A N  J .  B A R R Y zoology/herpetology

ecology/mammalogy
molecular biology

regulatory compliance

EDUCATION

University of California, Davis, B.S., Zoology
University of California, Davis, M.S., Zoology
Thesis: The Distribution, Habitat, and Evolution of the San Francisco Garter Snake,
Thamnophis sirtalis tetrataenia

REGISTRATION

California Department of Fish and Game scientific collecting permit #000131,
mammals, fish, reptiles, amphibians, invertebrates, California species of special
concern, expires May 2005
Section 10A US Fish and Wildlife Service Endangered Species Recovery Permit, #TE
827500, for distribution-wide studies of the California red-legged frog (Rana aurora
draytonii), the giant garter snake (Thamnophis gigas), and the San Francisco garter
snake (Thamnophis sirtalis tetrataenia).  Expires 12/31/2006.

PROFESSIONAL HISTORY

ENTRIX Inc, Project Scientist/Herpetologist, 2003 to date
Independent Consultant/Herpetologist, 1974 to 2003
Staff Research Associate, University of California, Davis, 1983 to 2003
Curator of the Vertebrate Museum, Department of Zoology, University of California,
Davis, 1972 to 1975
Biologist, California Department of Fish and Game, Endangered Species Program
Reptiles and Amphibians office, 1972 to 1975

PROFESSIONAL EXPERIENCE

Mr. Barry has more than 28 years of experience working with agencies and consulting
firms on investigations of State and federally listed (threatened/endangered) California
reptiles and amphibians, for refuge development, urban impact assessments, and
evaluation of conservation status of individual populations.  He is a nationally recognized
authority on the endangered San Francisco garter snake (Thamnophis sirtalis
tetrataenia) and has also recently completed studies of special-status (e.g., Sierra
Nevada) California red-legged frog populations (Rana aurora draytonii).  His scientific
background also includes projects related to molecular systematics (microsatellite and
single nucleotide polymorphism analysis) and molecular biology of regulated genes
(targeted gene studies, gene expression analysis, etc).  Responsibilities have included
project and safety management, budget planning, all aspects of field and laboratory
technical work, grant and proposal preparation, and teaching/mentorship.

AFFILIATIONS

Ecological Society of America
American Society of Mammalogists
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American Society of Ichthyologists and Herpetologists
Society for the Study of Amphibians and Reptiles
Herpetologists' League
Society for Systematic Biology
Society for the Preservation of Natural History Collections

REVIEWS

San Francisco Garter Snake Recovery Plan, US Fish and Wildlife Service, 1983-85.
California Red-Legged Frog Recovery Plan, US Fish and Wildlife Service, 2000-2002.
Check-list of Amphibians, Reptiles, Birds, and Mammals of California, California
Department of Fish and Game
“Measuring and Monitoring Biological Diversity” book series (mammals, amphibians,
reptiles), Smithsonian Institution Press.  February 2000-present
Journal of Herpetology, 1998-present

SELECTED PUBLICATIONS

Barry, S.J. 1976.  Investigations on the occurrence of the San Francisco garter snake at
the Stanford Linear Accelerator Center.  SLAC Tech. Note 76-2, 6 p.

Barry, S. J.  1978.  The status of the San Francisco garter snake.  California Department
of Fish and Game Endangered Species Special Publ. 78-2.  20 p.

Barry, S.  1993.  The San Francisco garter snake: protection is the key to recovery.
Tideline 13:1-3,15.

Barry, S. J. and H. B. Shaffer. 1994.  The California tiger salamander at Lagunita: a 50-
year update.  Journal of Herpetology 28:159-164.

Barry, S. J. and M. Mangel, 1994.  Review of Harrison, L. Kinetic Theory of Living
Pattern.  Mathematical Biosciences. 124:237-241.

Barry, S.  1996.  The San Francisco garter snake and the San Francisco Watershed.
Prepared for City of San Francisco, Public Utilities Commission, San Francisco Water
Department.  143p.

Barry, S. J., M. R. Jennings, and Hobart M. Smith. 1996.  Current subspecific names for
western Thamnophis sirtalis.  Herpetological Review, 27:172-173.

Barry, S. J.  1997.  Museum and Anatomical Preparation of Reptile Specimens.  in
Ackerman, L., ed.  The Biology, Husbandry, and Medicine of Captive Reptiles.  TFH,
Neptune, NJ, 3 vols.

Barry, S. J. and M. R. Jennings. 1998.  Eutaenia sirtalis tetrataenia Cope in Yarrow, 1875
and Coluber infernalis Blainville, 1835 (Currently Thamnophis s. tetrataenia and T. s.
infernalis): proposed conservation of usage of the subspecific names by the designation
of a neotype for T. s. infernalis.  Bulletin of Zoological Nomenclature 55:224-228.

Barry, S. J. 1999.  A study of the California red-legged frog (Rana aurora draytonii) of
Butte County, California.  Par Environmental Services, Sacramento, CA, Tech. Rept.
No.3, 16p.
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In Press
Barry, S. J., in prep.  Preparing Reptiles as Scientific Specimens.  in Foster, M., and
McDiarmid, R., eds Measuring and Monitoring Biological Diversity:  Standard Methods for
Reptiles.  Autumn 2003,  Smithsonian Institution Press.

Submitted
Barry, S. J. and M. R. Jennings.  Nomenclature of western Thamnophis sirtalis resolved
by designation of a neotype for T. s. infernalis.  Herpetological Review
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June 29, 2007 
 
 
Newhall Land 
23823 Valencia Boulevard 
Valencia, CA 91355 
 
 
ATTENTION: Mr. Fred MacMurdo 
 
SUBJECT: LANDMARK VILLAGE – PHASE 1 ACCESS AND SCHOOL ACCESS 
 
Dear Mr. MacMurdo: 
 
The purpose of this letter is to address the Landmark Village initial (i.e., Phase 1) project access and to 
address the revised school driveway locations. Specifically, this relates to the County Traffic and Lighting 
Division conditions of approval letter dated December 9, 2004, in which the written requirements for 
Phase 1 and school access is no longer consistent with the project as currently planned. 
 
The project’s EIR Traffic Impact Analysis evaluated the first phase of the project (500 dwelling units) 
based on a scenario consisting of a primary access point at the SR-126/Wolcott Way intersection along 
with a second access point at the SR-126/Long Canyon Road intersection. However, the construction 
phasing schedule will result in the Phase 1 occupancies occurring before the second access point at SR-
126/Chiquito Canyon Road is constructed. 
 
To evaluate the single access scenario, the Phase 1 forecasts from the EIR Traffic Analysis were revised 
such that the SR-126/Wolcott Way intersection is the only access to the project site for Phase 1 
occupancies.  An ICU analysis (see attached) of this configuration indicates that all of the Phase 1 traffic 
can be adequately served by the single access point with a resulting level of service (LOS) of B.  
Therefore, our recommendation is to utilize the single Wolcott Way access point for Phase 1, and to 
construct the second access point so that it is in place concurrent with Phase 2 development. 
 
On Page 4 of the December 2004 letter, it states that the intersection of Chiquito Canyon Road/Long 
Canyon Road/Henry Mayo Drive (SR-126) will be constructed prior to Phase 1. As shown above, 
changing this to a Phase 2 requirement still provides acceptable level of service and will be consistent 
with the project’s construction schedule.  
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Mr. Fred MacMurdo, Newhall Land 
June 29, 2007 
Page 2 
 
 
After the writing of the December 2004 Traffic and Lighting letter, the Regional Planning Commission 
requested a redesign of the elementary school site access. The revised access consolidates the school and 
the park driveways at two locations along “A” Street, creating four-way intersections at “N” Street and 
“J” Street, respectively.  Each driveway will be configured for two-way traffic; however, the circulation 
during school drop-off and pick-up times consists of the westerly driveway functioning as the entrance 
and the easterly driveway functioning as the exit. 
 
An operational analysis of the entrance driveway has been prepared for the critical AM peak hour (see 
attached).  Both all-way stop and traffic signal control has been evaluated.  All-way stop control is 
forecast to result in LOS E conditions while traffic signal control results in LOS C conditions.  A traffic 
signal is anticipated to meet the Pedestrian Volume Warrant as well as the School Crossing Warrant 
(Warrants 4 and 5, respectively).  Therefore, our recommendation is to install a traffic signal at this 
location in conjunction with the construction of the school. 
 
On Page 3 of the December 2004 letter, a reference is made to the School Middle Driveway/”U” 
Street/”A” Street intersection. As noted above, the redesign eliminates this intersection. The applicable 
new intersection is the School Westerly Driveway/”N” Street/”A” Street intersection, and the letter’s 
reference to monitoring for the need of a signal is also no longer applicable since the project proposes to 
construct a signal in conjunction with the construction of the school. Finally, the letter includes the school 
access as part of Phase 1 requirements. This needs to change to a Phase 2 improvement since the school is 
not located within the Phase 1 development area. 
 
On Page 1 of the December 2004 letter, Phase 1 is defined as 500 residential units based on the traffic 
study which utilized 500 residential units as a worst case scenario. In reality, Phase 1 will likely include 
up to 40,000 square feet of neighborhood commercial to serve the initial residents, thus resulting in a 
component of on-site trip capture not reflected in the traffic analysis. While this neighborhood 
commercial is not expected to add any appreciable amount of traffic to off-site roadways, it is nonetheless 
proposed that this commercial use be allowed in exchange for a reduction in the amount of Phase 1 
dwelling units. Specifically, a reduction of 2.5 dwelling units for each 1,000 square feet of neighborhood 
commercial is a reasonable exchange given the on-site trip capture that will result. It is requested that the 
letter note that as part of Phase 1 the project can construct up to 40,000 square feet of neighborhood 
commercial with a corresponding reduction of 2.5 dwelling units for each 1,000 square feet constructed. 
 
Please feel free to contact me should you have any questions. 
 
Sincerely, 
 
 
 
Daryl Zerfass 
 
 
 
Cc: Barbara Fortman, Newhall Land 
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         80. Wolcott & SR-126                                     
     ┌─────────────────────────────────────────────────────────┐  
     │   Landmark Phase 1 with Single Access at Wolcott        │  
     │                                                         │  
     │                             AM PK HOUR     PM PK HOUR   │  
     │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │  
     │                                                         │  
     │   NBL      1      1600       14    .01       9    .01   │  
     │   NBT      1      1600       42    .03*     27    .02*  │  
     │   NBR      1      1600      224    .14     144    .09   │  
     │                                                         │  
     │   SBL      1      1600       14    .01*     84    .05*  │  
     │   SBT      1      1600       14    .01      49    .03   │  
     │   SBR      1      1600       13    .01      53    .03   │  
     │                                                         │  
     │   EBL      1      1600       40    .03      21    .01   │  
     │   EBT      2      3200     1001    .31*   1112    .35*  │  
     │   EBR      0         0        5             16          │  
     │                                                         │  
     │   WBL      1      1600       76    .05*    260    .16*  │  
     │   WBT      2      3200      938    .29    1158    .36   │  
     │   WBR      1      1600      160    .10      13    .01   │  
     │                                                         │  
     │   Right Turn Adjustment     NBR    .07*                 │  
     │   Clearance Interval               .10*           .10*  │  
     └─────────────────────────────────────────────────────────┘  
         TOTAL CAPACITY UTILIZATION       .57            .68      
  
 



ALL-WAY STOP CONTROL ANALYSIS 
General Information Site Information 
Analyst  
Agency/Co. AFA 
Date Performed 6/28/2007 
Analysis Time Period AM Peak Hour w/School 

Intersection A St/N St/School 
Jurisdiction LA County 
Analysis Year Buildout 

Project ID Landmark Village 

East/West Street:   A Street North/South Street:   N Street/School Dwy 

Volume Adjustments and Site Characteristics
Approach Eastbound Westbound
Movement L T R L T R
Volume    140    84     1    46    146    190 
%Thrus Left Lane     50         50     

Approach Northbound Southbound
Movement L T R L T R
Volume     1    50    37    5    5    5 
%Thrus Left Lane     50         50    
 Eastbound Westbound Northbound Southbound

 L1 L2 L1 L2 L1 L2 L1 L2

Configuration L TR L TR LTR  LTR  
PHF 0.50 0.50 0.50 0.50 0.50  0.50  
Flow Rate 280 170 92 672 176  30    
% Heavy Vehicles 0 0 0 0 0  0  
No. Lanes 2 2 1 1 
Geometry Group 5 5 2 2 
Duration, T 0.25 
Saturation Headway Adjustment Worksheet 
Prop. Left-Turns 1.0 0.0 1.0 0.0 0.0  0.3  
Prop. Right-Turns 0.0 0.0 0.0 0.6 0.4  0.3  
Prop. Heavy Vehicle            
hLT-adj 0.5 0.5 0.5 0.5 0.2 0.2 0.2 0.2 
hRT-adj -0.7 -0.7 -0.7 -0.7 -0.6 -0.6 -0.6 -0.6 
hHV-adj 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7 
hadj, computed 6.65 6.65 6.65 6.65 6.65  6.65  
Departure Headway and Service Time 
hd, initial value 3.20 3.20 3.20 3.20 3.20  3.20  
x, initial 0.25 0.15 0.08 0.60 0.16  0.03  
hd, final value 6.65 6.65 6.65 6.65 6.65  6.65  
x, final value 0.52 0.29 0.16 1.02 0.31  0.06  
Move-up time, m 2.3 2.3 2.0 2.0 
Service Time 4.4 3.8 4.4 3.8 4.4 3.8 4.4 3.8 
Capacity and Level of Service 
 Eastbound Westbound Northbound Southbound

 L1 L2 L1 L2 L1 L2 L1 L2

Capacity 530 420 342  672   426   280  
Delay 16.27 11.32 10.31  63.03    12.33     10.54  
LOS C B B  F  B    B    
Approach: Delay     14.40 56.68 12.33 10.54 
                  LOS     B F B B 
Intersection Delay 36.81 
Intersection LOS E 
HCS2000TM Copyright © 2003 University of Florida, All Rights Reserved Version 4.1d



HCS2000™ DETAILED REPORT 
 General Information Site Information
 Analyst  
 Agency or Co. AFA 
 Date Performed 6/28/2007 
 Time Period AM Peak Hour w/School 
  

 Intersection A St/N St/School 
 Area Type All other areas 
 Jurisdiction LA County 
 Analysis Year Buildout 
 Project ID Landmark Village 

 Volume and Timing Input

 EB WB NB SB
LT TH RT LT TH RT LT TH RT LT TH RT

 Number of lanes, N
1 1  1  0 1 1 0 0 1 0 0 1 0 

 Lane group  L  TR   L TR   LTR   LTR  

 Volume, V (vph) 140 84 1 46 146 190 1 50 37 5 5 5 

 % Heavy vehicles, %HV 0 0 0 0 0 0 0 0 0 0 0 0 

 Peak-hour factor, PHF 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 

 Pretimed (P) or actuated (A) P P P P P P P P P P P P 

 Start-up lost time, l1 2.0 2.0  2.0 2.0   2.0   2.0  
 Extension of effective green, e 2.0 2.0  2.0 2.0   2.0   2.0  

 Arrival type, AT 3  3  3 3   3   3  

 Unit extension, UE  3.0 3.0  3.0 3.0   3.0   3.0  

 Filtering/metering, I 1.000 1.000  1.000 1.000   1.000   1.000  

 Initial unmet demand, Qb 0.0 0.0  0.0 0.0   0.0   0.0  

 Ped / Bike / RTOR volumes  100  0  0  100 0 0 200 0 0 0  0 

 Lane width 12.0 12.0  12.0 12.0   12.0   12.0  

 Parking / Grade / Parking N 0 N N 0 N N 0  N N 0 N 

 Parking maneuvers, Nm             

 Buses stopping, NB 0 0  0 0   0   0   

 Min. time for pedestrians, Gp 3.7 3.7 4.3 3.2 

 Phasing EW Perm  02  03 04 NS Perm 06  07 08 

 Timing
 G =  39.8  G =    G =    G =    G =  20.2  G =    G =    G =   
 Y =  5  Y =    Y =    Y =    Y =  5  Y =    Y =    Y =   

 Duration of Analysis, T = 0.25      Cycle Length, C =   70.0 
 Lane Group Capacity, Control Delay, and LOS Determination

 EB WB NB SB
LT TH RT LT TH RT LT TH RT LT TH RT

 Adjusted flow rate, v 280 170  92 672   176   30  

 Lane group capacity, c 289 1077  653 940   441   437  

 v/c ratio, X 0.97 0.16  0.14 0.71   0.40   0.07  

 Total green ratio, g/C 0.57 0.57  0.57 0.57   0.29   0.29  

 Uniform delay, d1 14.5 7.2  7.1 11.0   20.0   18.1  

 Progression factor, PF 1.000 1.000  1.000 1.000   1.000   1.000  

 Delay calibration, k 0.50 0.50  0.50 0.50   0.50   0.50  

 Incremental delay, d2 45.6 0.3  0.5 4.6   2.7   0.3  

 Initial queue delay, d3             

 Control delay 60.1 7.5  7.5 15.6   22.7   18.4  



 Lane group LOS E  A  A B   C   B  

 Approach delay 40.2 14.6 22.7 18.4 

 Approach LOS D B C B 

 Intersection delay 23.8  X
C
 = 0.78  Intersection LOS C 

HCS2000TM Copyright © 2000 University of Florida, All Rights Reserved Version 4.1e



WILLDAN Citywide Traffic and Circulation Impact Study; August 2002

































































































































Appendices available upon request. 



City of Fillmore and Newhall Land and Farming Settlement Agreement;
February 24, 2000















Long-Range Cumulative (Buildout) Conditions Traffic Forecasts;
December 4, 2007
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LANDMARK VILLAGE 
Long-Range Cumulative (Buildout) Conditions Traffic Forecasts 
 

 

The Environmental Impact Report (EIR) prepared for the Newhall Ranch Specific Plan included 

information on Long-range Cumulative conditions for the Santa Clarita Valley.  This document provides 

an update to that information by presenting Long-range Cumulative traffic volume forecasts based on the 

current cumulative project data for the Santa Clarita Valley. 

 

Long-range Cumulative traffic volumes that include traffic generated by the Landmark Village 

project are illustrated in Figure 1.  The illustrated volumes have been derived using the Santa Clarita 

Valley Consolidated Traffic Model (SCVCTM) Version 4.1 and represent long-range conditions with 

buildout of the City and County’s General Plans.  Known cumulative projects are included in the long-

range buildout forecasts, including those with pending General Plan amendments.  Appendix A contains a 

complete listing of the traffic model zones and land uses used by the base year (2004) and the long-range 

cumulative buildout traffic models. That data shows how traffic generation within the Santa Clarita 

Valley is anticipated to increase from a total of 1,570,000 tripends in 2004 to a total of 3,224,000 tripends 

at buildout, which represents a 105 percent increase. 

 

An updated ADT capacity analysis for arterial roadways has also been conducted, based on the 

long-range cumulative land uses noted above.  A comparison of tripends with and without the cumulative 

land uses shows an additional 129,512 ADT (or an increase of 4.2 percent) in comparison to the baseline 

General Plan land uses, as shown in Table 1.  These additional trips are distributed throughout the model 

area on both the east and west side of I-5.  An updated capacity analysis was then conducted for the 

Master Plan Highway network, which includes the County Highway Plan and the City’s Circulation Plan. 

 

Table 1:  Long-Range Trip Generation Comparison 

  Long-Range  
General Plan 

Long-Range 
Cumulative 

 
Difference 

Land Use Units Amount ADT Amount ADT Amount ADT 
Single Family Residential DU 90,924.00 892,468 87,869.00 862,222 -3,055.00 -30,246 
Multi-Family Residential DU 48,019.00 374,792 62,339.00 481,378 14,320.00 106,586 
Commercial Square Footage TSF 82,475.13 1,579,917 80,390.53 1,615,521 -2,084.60 35,604 
Other -- -- 247,247 -- 264,815 -- 17,568 
TOTAL -- -- 3,094,424 -- 3,223,936 -- 129,512 
Source:  SCVCTM 4.1 
DU = Dwelling Units; MSF = Million Square Feet 
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The previously referenced Figure 1 shows the long-range ADT volumes that include both the 

Landmark Village and the cumulative land uses.  The resulting impact of the Landmark Village project is 

shown in Table 2, which shows those arterial roadways and SR-126 locations with a measurable project 

impact and includes the project-only contribution. 

 

The table shows how no arterial or SR-126 locations exceed capacity (i.e., a V/C greater than 

1.00) with the addition of the cumulative land uses, and, therefore, the project does not have a significant 

impact for long-range cumulative conditions since the planned arterial and SR-126 highway network has 

sufficient capacity to accommodate traffic from the project. 

 

Table 2: Long-Range ADT Volume Summary, Arterial Highways and SR-126 

   Without Landmark Village With Landmark Village Project
Location Lanes Capacity ADT V/C ADT V/C Cont. 

6 Chiquito Cyn n/o SR-126 6 54,000 25,000 .46 26,000 .48 .02 
26 Old Road s/o Henry Mayo 6 54,000 16,000 .30 19,000 .35 .06 
27 Old Road n/o Rye Cyn 6 54,000 51,000 .94 52,000 .96 .02 
37 McBean e/o Rockwell 6 54,000 35,000 .65 36,000 .67 .02 
40 McBean n/o Magic Mtn 8 72,000 70,000 .97 71,000 .99 .01 
41 McBean s/o Newhall Ranch 8 72,000 61,000 .85 62,000 .86 .01 
46 SR-126 w/o Chiquito Cyn 6(lim) 60,000 44,000 .73 46,000 .77 .04 
47 SR-126 e/o Chiquito Cyn 8(lim) 86,000 68,000 .79 69,000 .80 .01 
48 SR-126 w/o Commerce Center 8(exp) 112,000 64,000 .57 79,000 .71 .14 
49 SR-126 e/o Commerce Center 8(exp) 112,000 71,000 .63 79,000 .71 .08 
50 Newhall Ranch e/o I-5 8 72,000 63,000 .88 66,000 .92 .04 
51 Newhall Ranch w/o Rye 8 72,000 67,000 .93 69,000 .96 .03 
52 Newhall Ranch e/o Rye 8 72,000 57,000 .79 58,000 .81 .01 
53 Newhall Ranch w/o Baywood 8(aug) 86,000 76,000 .88 77,000 .90 .01 
54 Newhall Ranch e/o McBean 8(aug) 86,000 72,000 .84 73,000 .85 .01 
55 Newhall Ranch e/o Bouquet 6 54,000 40,000 .74 41,000 .76 .02 
70 Decoro e/o Copper Hill 4 32,000 8,000 .25 9,000 .28 .03 
71 Decoro e/o Dickason 4 32,000 13,000 .41 14,000 .44 .03 
107 Via Princessa e/o Magic Mtn 6 54,000 47,000 .87 48,000 .89 .02 
128 Newhall Ranch w/o Bouquet 8 72,000 69,000 .96 70,000 .97 .01 
141 Tibbitts n/o Magic Mtn 6 54,000 27,000 .50 28,000 .52 .02 
170 Stanford n/o Rye Cyn 4 32,000 6,000 .19 7,000 .22 .03 
197 Magic Mtn n/o Via Princessa 6 54,000 35,000 .65 36,000 .67 .02 
222 Santa Clarita s/o Soledad 6 54,000 47,000 .87 48,000 .89 .02 
233 Stanford e/o Rye Cyn 4 32,000 13,000 .41 14,000 .44 .03 
240 Wolcott n/o SR-126 2 16,000 3,000 .19 4,000 .25 .06 
322 McBean s/o Copper Hill 6 54,000 25,000 .46 26,000 .48 .02 

Notes: 
Volumes Source: SCVCTM 4.1.b Long-Range Cumulative -  I-5 Constrained Flow Model 
ADT Capacity Source: Newhall Ranch Traffic Analysis 
(lim) = Limited Access (High Capacity) Facility 
(exp) = Expressway 
(aug) = Facility with Augmented Capacity 
n/o = north of; s/o = south of; e/o = east of; w/o = west of 
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Cumulative impacts on the I-5 freeway have been evaluated with an analysis based on peak hour 

directional volumes, as required by the Los Angeles County Congestion Management Program (CMP), 

and calculates LOS based on volume-density (passenger cars per hour per lane) using the Highway 

Capacity Manual procedures for mainline freeway segment analysis, as recommended by Caltrans. 

 

The I-5 freeway within the study area is the subject of a recent comprehensive traffic study1 that 

evaluates a planned I-5 improvement project through the Santa Clarita Valley. That study was based on 

traffic forecasts from the SCVCTM 4.1 Year 2030 Long-Range Cumulative traffic model, which includes 

the proposed Landmark Village project and other cumulative projects as noted previously. Table 3 

summarizes the volume-density and LOS calculations for the I-5 freeway for Year 2030 conditions with 

and without the project based on the existing eight-lane (four lanes each direction) freeway. The table 

shows that based on the CMP impact criteria for mainline freeway segments, which states that a 

significant impact occurs when a project increases a volume to capacity (V/C) ratio by .02 or more and 

results or worsens LOS F conditions; the project has a significant impact at several segments within the 

study area. All impacts are shown as occurring during the PM peak hour in the southbound direction, and 

a complete list of the impacted segments is as follows: 

 

• I-5 between Rye Canyon Road and Magic Mountain Parkway 
• I-5 between Magic Mountain Parkway and Valencia Boulevard 
• I-5 between Valencia Boulevard and McBean Parkway 
• I-5 between Pico Canyon Road/Lyons Avenue and Calgrove Avenue 

 

As noted above, an improvement project is planned for the I-5 freeway which will add capacity in 

the form of HOV lanes and truck lanes. One HOV lane in each direction is proposed between SR-14 and 

Parker Road, connecting to the HOV lanes currently under construction on the I-5 freeway south of the 

SR-14 freeway. One truck lane is planned in the northbound direction between SR-14 and Calgrove 

Avenue and a southbound truck lane is planned between SR-14 and Pico Canyon Road/Lyons Avenue. 

Each of these truck lanes connect to the dedicated truck lanes that currently exist within the I-5/SR-14 

freeway interchange. 

 

 
                                                      
1 “I-5 PA&ED HOV & Truck Lanes – SR-14 to Parker Road Traffic Study,” Austin-Foust Associates, Inc., October 
2007. 
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 Table 3:  LOS Summary: Year 2030 Long-Range Cumulative Freeway Conditions With and 
Without Project (Existing Lanes) 

AM Peak Hour PM Peak Hour 
I-5 Segment Lanes Capacity Volume V/C Density LOS Lanes Capacity Volume V/C Density LOS

Northbound 

403. Parker to Hasley 
Canyon 4 8,300         4 8,300         

  Without Project     4,858 .585 19.9 C     8,141 .981 42.6 E 
  With Project     4,900 .590 20.1 C     8,200 .988 42.9 E 
  Project Increment     42 .005         59 .007     

404. Hasley Canyon to 
SR-126 4 8,300         4 8,300         

  Without Project     6,444 .776 27.5 D     8,637 1.041 >45.0 F 
  With Project     6,500 .783 27.7 D     8,700 1.048 >45.0 F 
  Project Increment     56 .007         63 .007     

405. SR-126 to Rye 
Canyon 4 8,300         4 8,300         

  Without Project     6,728 .811 29.4 D     7,632 .920 36.4 E 
  With Project     6,900 .831 30.2 D     7,700 .928 36.7 E 
  Project Increment     172 .020         68 .008     

406. Rye Canyon to 
Magic Mountain 4 8,300         4 8,300         

  Without Project     6,728 .811 29.4 D     7,632 .920 36.4 E 
  With Project     6,900 .831 30.2 D     7,700 .928 36.7 E 
  Project Increment     172 .020         68 .008     

407. Magic Mountain to 
Valencia 4 8,300         4 8,300         

  Without Project     6,975 .840 31.0 D     7,864 .947 38.6 E 
  With Project     7,100 .855 31.6 D     7,900 .952 38.8 E 
  Project Increment     125 .015         36 .005     
408. Valencia to McBean 4 8,300         4 8,300         
  Without Project     7,482 .901 35.2 E     8,254 .994 43.6 E 
  With Project     7,600 .916 35.8 E     8,300 1.000 43.8 E 
  Project Increment     118 .015         46 .006     
409. McBean to Pico 4 8,100         4 8,100         
  Without Project     7,381 .911 37.3 E     8,375 1.034 >45.0 F 
  With Project     7,500 .926 37.9 E     8,400 1.037 >45.0 F 
  Project Increment     119 .015         25 .003     
410. Pico to Calgrove 4 8,400         4 8,400         
  Without Project     6,896 .821 30.2 D     8,374 .997 44.5 E 
  With Project     7,000 .833 30.7 D     8,400 1.000 44.6 E 
  Project Increment     104 .012         26 .003     
411. Calgrove to SR-14 4 8,200         4 8,200         
  Without Project     6,310 .770 26.4 D     8,181 .998 41.3 E 
  With Project     6,400 .780 26.8 D     8,200 1.000 41.4 E 
  Project Increment     90 .010         19 .002     

(Cont.) 
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Table 3:  LOS Summary: Year 2030 Long-Range Cumulative Freeway Conditions With and 
Without Project (Existing Lanes) (Cont.) 

AM Peak Hour PM Peak Hour 
I-5 Segment Lanes Capacity Volume V/C Density LOS Lanes Capacity Volume V/C Density LOS

Southbound 

403. Parker to Hasley 
Canyon 4 8,300         4 8,300         

  Without Project    6,693 .806 29.1 D     7,552 .910 35.9 E 
  With Project    6,700 .807 29.1 D     7,600 .916 36.1 E 
  Project Increment    7 .001         48 .006     

404. Hasley Canyon to 
SR-126 4 8,300         4 8,300         

  Without Project    7,193 .867 32.4 D     9,043 1.090 >45.0 F 
  With Project    7,200 .867 32.4 D     9,100 1.096 >45.0 F 
  Project Increment    7 .000         57 .006     

405. SR-126 to Rye 
Canyon 4 8,300         4 8,300         

  Without Project    6,925 .834 30.6 D     9,038 1.089 >45.0 F 
  With Project    7,000 .843 30.9 D     9,200 1.108 >45.0 F 
  Project Increment    75 .009         162 .019     

406. Rye Canyon to 
Magic Mountain 4 8,300         4 8,300         

  Without Project    7,160 .863 32.2 D     9,854 1.187 >45.0 F 
  With Project    7,200 .867 32.4 D     10,100 1.217 >45.0 F 
  Project Increment    40 .004         246 .030     

407. Magic Mountain to 
Valencia 4 8,000         4 8,000         

  Without Project    7,300 .913 36.5 E     9,592 1.199 >45.0 F 
  With Project    7,300 .913 36.5 E     9,800 1.225 >45.0 F 
  Project Increment    0 .000         208 .026     
408. Valencia to McBean 4 8,000         4 8,000         
  Without Project    8,105 1.013 >45.0 F     9,816 1.227 >45.0 F 
  With Project    8,100 1.013 >45.0 F     10,000 1.250 >45.0 F 
  Project Increment    -5 .000         184 .023     
409. McBean to Pico 4 8,200         4 8,200         
  Without Project    7,821 .954 37.5 E     9,446 1.152 >45.0 F 
  With Project    7,800 .951 37.4 E     9,600 1.171 >45.0 F 
  Project Increment    -21 -.003         154 .019     
410. Pico to Calgrove 4 7,200         4 7,200         
  Without Project    7,312 1.016 >45.0 F     8,755 1.216 >45.0 F 
  With Project    7,300 1.014 >45.0 F     8,900 1.236 >45.0 F 
  Project Increment    -12 -.002         145 .020     
411. Calgrove to SR-14 4 7,200         4 7,200         
  Without Project    7,428 1.032 >45.0 F     8,674 1.205 >45.0 F 
  With Project    7,400 1.028 >45.0 F     8,800 1.222 >45.0 F 
  Project Increment    -28 -.004         126 .017     
Notes: V/C = Volume to Capacity Ratio; D = Density (Passenger Cars Per Hour Per Lane); LOS = Level of Service; Capacities shown here 
are an estimate based on the LOS as calculated using the HCM volume-density methodology. Significant Impacts shown in bold. 
Source: “I-5 PA&ED HOV & Truck Lanes – SR-14 to Parker Road Traffic Study,” Austin-Foust Associates, Inc., October 2007. 
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Table 4 summarizes the freeway volume-density and LOS calculations based on the planned 

freeway configuration noted above. With the planned improvement project, no segment is forecast to 

exceed LOS E and, as such, the proposed Landmark Village project does not have a significant impact 

with the freeway improvement project in place.  

 

As mitigation for the freeway impact shown to occur given the existing freeway configuration, 

the project will contribute its fair-share cost of the planned freeway improvement project for those 

segments in which the project results in a significant impact. Table 5 summarizes the fair-share 

percentage for Landmark Village traffic in relation to the total amount of future traffic that collectively 

forms the long-range cumulative setting. The table shows that the project’s share at the significantly 

impacted locations ranges from 1.7 percent to 3.1 percent, with a weighted average share of 2.4 percent. 

An important distinction between the project trips noted in this table and the project increment noted in 

Table 3 is that the project trips shown in Table 5 represent the number of trips attributable to the project 

site as determined by a nexus study of cumulative development, whereas the project increment shown in 

Table 3 represents the absolute change in traffic volume that results due to the project. The project 

increment will differ from the absolute number of project trips due to the distinctly different local and 

regional distribution patterns that occur with and without the project in place. 

 

In conclusion, the proposed Landmark Village project is not projected to significantly impact the 

arterial roadway system for a Long-Range Cumulative Setting. Significant impacts have been shown for 

the I-5 freeway based on the existing freeway configuration; however the planned freeway improvement 

project will result in no significant project impacts. Therefore, project mitigation will consist of 

contributing the project’s fair-share (noted above as 2.4 percent) of the cost of implementing the planned 

freeway improvements for those segments significantly impacted by the project. A summary of these 

mitigation measures is provided in Table 6. 
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Table 5:  Landmark Village I-5 Share Summary 

Location Project Trips Other Future Trips Existing Trips Total Future Trips 
406. Rye Canyon to Magic Mtn         
PM Peak Hour Trips 311 9,591 8,258 18,160 
Share 3.1% 96.9%     
407. Magic Mtn to Valencia         
PM Peak Hour Trips 219 8,494 9,987 18,700 
Share 2.5% 97.5%     
408. Valencia to McBean         
PM Peak Hour Trips 202 9,511 10,657 20,370 
Share 2.1% 97.9%     
410. Pico/Lyons to Calgrove         
PM Peak Hour Trips 126 7,387 11,347 18,860 
Share 1.7% 98.3%     
Total         
PM Peak Hour Trips 858 34,983 40,249 76,090 
Average Share 2.4% 97.6%     
Source:  SCVCTM 4.1.a Long-Range Cumulative Constrained Flow Model (Cumulative Development Nexus Share 
Summary). See Appendix B for share calculations for all I-5 improvement project segments. 
 
 
 
 
Table 6:  Mitigation Summary 

Location Mitigation Project Share 
406. I-5 - Rye Canyon to Magic Mtn Provide fair-share cost of adding one HOV lane in 

each direction. 
3.1% 

407. I-5 - Magic Mtn to Valencia Provide fair-share cost of adding one HOV lane in 
each direction. 

2.5% 

408. I-5 - Valencia to McBean Provide fair-share cost of adding one HOV lane in 
each direction. 

2.1% 

410. I-5 - Pico/Lyons to Calgrove Provide fair-share cost of adding one HOV lane in 
each direction and one truck lane in the southbound 
direction. 

1.7% 

Average Share 2.4% 
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APPENDIX A 

LAND USE AND TRIP GENERATION COMPARISON 

 

 
  



                                               LAND USE AND TRIP GENERATION COMPARISON

                                                         ------ 2004 ------       ------- LRC ------       --- Difference ---
      Zone        Land Use Category         Units        Amount         ADT       Amount         ADT       Amount         ADT
    ---------------------------------------------------------------------------------------------------------------------------
        1     1. Single Family Residential   DU          345.00       3,416       567.00       5,613       222.00       2,197 
                  SUB-TOTAL                                           3,416                    5,613                    2,197 

        2     1. Single Family Residential   DU          336.00       3,326       535.00       5,297       199.00       1,971 
                  SUB-TOTAL                                           3,326                    5,297                    1,971 

        3     1. Single Family Residential   DU          641.00       6,346     3,703.00      36,660     3,062.00      30,314 
              2. Condo/Townhome/Apartment    DU              --          --       648.00       5,184       648.00       5,184 
              3. Commercial Square Footage   TSF         227.49       8,504       654.28      19,235       426.79      10,731 
              4. Other                       --              --         885           --       9,942           --       9,057 
                  SUB-TOTAL                                          15,735                   71,021                   55,286 

        4     3. Commercial Square Footage   TSF             --          --       389.00       2,334       389.00       2,334 
                  SUB-TOTAL                                              --                    2,334                    2,334 

        5     1. Single Family Residential   DU            1.00          10       651.00       6,445       650.00       6,435 
              2. Condo/Townhome/Apartment    DU              --          --       100.00         800       100.00         800 
              3. Commercial Square Footage   TSF           2.01          74        27.01       2,201        25.00       2,127 
              4. Other                       --              --         233           --         233           --           0 
                  SUB-TOTAL                                             317                    9,679                    9,362 

        6     1. Single Family Residential   DU           10.00          99       330.00       3,267       320.00       3,168 
              2. Condo/Townhome/Apartment    DU              --          --       141.00       1,128       141.00       1,128 
                  SUB-TOTAL                                              99                    4,395                    4,296 

        7     1. Single Family Residential   DU            1.00          10       714.00       7,069       713.00       7,059 
                  SUB-TOTAL                                              10                    7,069                    7,059 

        8     1. Single Family Residential   DU           10.00          99        70.00         693        60.00         594 
                  SUB-TOTAL                                              99                      693                      594 

        9     1. Single Family Residential   DU            1.00          10       166.00       1,643       165.00       1,633 
                  SUB-TOTAL                                              10                    1,643                    1,633 

       10     1. Single Family Residential   DU           12.00         119        12.00         119         0.00           0 
              2. Condo/Townhome/Apartment    DU          184.00       1,472       184.00       1,472         0.00           0 
              3. Commercial Square Footage   TSF          33.64       3,440        33.64       3,440         0.00           0 
                  SUB-TOTAL                                           5,031                    5,031                        0 

       11     1. Single Family Residential   DU           23.00         228       108.00       1,070        85.00         842 
              2. Condo/Townhome/Apartment    DU          138.00       1,104       237.00       1,817        99.00         713 
              3. Commercial Square Footage   TSF          30.90       2,770       106.02       5,854        75.12       3,084 
              4. Other                       --                          --           --           5           --           5 
                  SUB-TOTAL                                           4,102                    8,746                    4,644 

       12     1. Single Family Residential   DU          213.00       2,109       252.00       2,495        39.00         386 
              4. Other                       --                          --           --         996           --         996 
                  SUB-TOTAL                                           2,109                    3,491                    1,382 
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                                               LAND USE AND TRIP GENERATION COMPARISON

                                                         ------ 2004 ------       ------- LRC ------       --- Difference ---
      Zone        Land Use Category         Units        Amount         ADT       Amount         ADT       Amount         ADT
    ---------------------------------------------------------------------------------------------------------------------------
       13     1. Single Family Residential   DU          464.00       4,594       641.00       6,346       177.00       1,752 
              2. Condo/Townhome/Apartment    DU           54.00         432        54.00         432         0.00           0 
              3. Commercial Square Footage   TSF             --          --       169.31       6,643       169.31       6,643 
                  SUB-TOTAL                                           5,026                   13,421                    8,395 

       14     1. Single Family Residential   DU           19.00         188       291.00       2,881       272.00       2,693 
              4. Other                       --                          --           --       1,194           --       1,194 
                  SUB-TOTAL                                             188                    4,075                    3,887 

       15     1. Single Family Residential   DU           78.00         772       294.00       2,911       216.00       2,139 
                  SUB-TOTAL                                             772                    2,911                    2,139 

       16     1. Single Family Residential   DU              --          --        14.00         139        14.00         139 
                  SUB-TOTAL                                              --                      139                      139 

       17     1. Single Family Residential   DU          146.00       1,445       248.00       2,455       102.00       1,010 
                  SUB-TOTAL                                           1,445                    2,455                    1,010 

       18     1. Single Family Residential   DU          188.00       1,523       474.00       4,354       286.00       2,831 
              2. Condo/Townhome/Apartment    DU              --          --       109.00         872       109.00         872 
              3. Commercial Square Footage   TSF             --          --        50.00       4,253        50.00       4,253 
              4. Other                       --                          --           --          18           --          18 
                  SUB-TOTAL                                           1,523                    9,497                    7,974 

       19     1. Single Family Residential   DU        1,306.00      12,929     1,577.00      15,612       271.00       2,683 
              4. Other                       --              --       3,198           --       4,392           --       1,194 
                  SUB-TOTAL                                          16,127                   20,004                    3,877 

       20     1. Single Family Residential   DU          245.00       2,426       245.00       2,426         0.00           0 
              2. Condo/Townhome/Apartment    DU          136.00       1,088       136.00       1,088         0.00           0 
              3. Commercial Square Footage   TSF          50.00         300       174.00       1,044       124.00         744 
                  SUB-TOTAL                                           3,814                    4,558                      744 

       21     1. Single Family Residential   DU          620.00       6,138       655.00       6,485        35.00         347 
              3. Commercial Square Footage   TSF             --          --        70.00       5,954        70.00       5,954 
                  SUB-TOTAL                                           6,138                   12,439                    6,301 

       22     1. Single Family Residential   DU          350.00       3,465       350.00       3,465         0.00           0 
                  SUB-TOTAL                                           3,465                    3,465                        0 

       23     1. Single Family Residential   DU              --          --       373.00       3,693       373.00       3,693 
                  SUB-TOTAL                                              --                    3,693                    3,693 

       24     1. Single Family Residential   DU              --          --       422.00       4,178       422.00       4,178 
                  SUB-TOTAL                                              --                    4,178                    4,178 

       25     4. Other                       --                          --           --         725           --         725 
                  SUB-TOTAL                                              --                      725                      725 

       26     3. Commercial Square Footage   TSF             --          --        72.90       2,702        72.90       2,702 
                  SUB-TOTAL                                              --                    2,702                    2,702 
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                                               LAND USE AND TRIP GENERATION COMPARISON

                                                         ------ 2004 ------       ------- LRC ------       --- Difference ---
      Zone        Land Use Category         Units        Amount         ADT       Amount         ADT       Amount         ADT
    ---------------------------------------------------------------------------------------------------------------------------
       27     2. Condo/Townhome/Apartment    DU              --          --       256.00       1,766       256.00       1,766 
                  SUB-TOTAL                                              --                    1,766                    1,766 

       28     1. Single Family Residential   DU           91.00         901     1,077.00      10,662       986.00       9,761 
              4. Other                       --                          --           --         725           --         725 
                  SUB-TOTAL                                             901                   11,387                   10,486 

       29     2. Condo/Townhome/Apartment    DU              --          --       115.00         794       115.00         794 
                  SUB-TOTAL                                              --                      794                      794 

       30     2. Condo/Townhome/Apartment    DU              --          --       275.00       2,200       275.00       2,200 
                  SUB-TOTAL                                              --                    2,200                    2,200 

       31     1. Single Family Residential   DU              --          --        65.00         644        65.00         644 
              2. Condo/Townhome/Apartment    DU              --          --       200.00       1,600       200.00       1,600 
              4. Other                       --              --       1,160           --       2,175           --       1,015 
                  SUB-TOTAL                                           1,160                    4,419                    3,259 

       32     2. Condo/Townhome/Apartment    DU              --          --        94.00         752        94.00         752 
                  SUB-TOTAL                                              --                      752                      752 

       33     3. Commercial Square Footage   TSF             --          --        61.00       5,189        61.00       5,189 
                  SUB-TOTAL                                              --                    5,189                    5,189 

       34     3. Commercial Square Footage   TSF             --          --       107.10       9,110       107.10       9,110 
                  SUB-TOTAL                                              --                    9,110                    9,110 

       35     1. Single Family Residential   DU              --          --       616.00       6,098       616.00       6,098 
              2. Condo/Townhome/Apartment    DU              --          --       260.00       1,860       260.00       1,860 
                  SUB-TOTAL                                              --                    7,958                    7,958 

       36     1. Single Family Residential   DU          483.00       4,782       483.00       4,782         0.00           0 
              2. Condo/Townhome/Apartment    DU          268.00       2,144       268.00       2,144         0.00           0 
                  SUB-TOTAL                                           6,926                    6,926                        0 

       37     1. Single Family Residential   DU          212.00       2,099       212.00       2,099         0.00           0 
              2. Condo/Townhome/Apartment    DU          128.00       1,024       128.00       1,024         0.00           0 
              4. Other                       --              --         186           --         186           --           0 
                  SUB-TOTAL                                           3,309                    3,309                        0 

       38     2. Condo/Townhome/Apartment    DU              --          --       331.00       2,399       331.00       2,399 
              3. Commercial Square Footage   TSF             --          --        50.00       4,253        50.00       4,253 
                  SUB-TOTAL                                              --                    6,652                    6,652 

       39     3. Commercial Square Footage   TSF          35.40         212     4,150.40      32,131     4,115.00      31,919 
                  SUB-TOTAL                                             212                   32,131                   31,919 

       40     1. Single Family Residential   DU              --          --        45.00         445        45.00         445 
              3. Commercial Square Footage   TSF          10.00          24       126.70       1,214       116.70       1,190 
                  SUB-TOTAL                                              24                    1,659                    1,635 
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                                               LAND USE AND TRIP GENERATION COMPARISON

                                                         ------ 2004 ------       ------- LRC ------       --- Difference ---
      Zone        Land Use Category         Units        Amount         ADT       Amount         ADT       Amount         ADT
    ---------------------------------------------------------------------------------------------------------------------------
       41     3. Commercial Square Footage   TSF          91.90         551       870.04       6,838       778.14       6,287 
                  SUB-TOTAL                                             551                    6,838                    6,287 

       42     3. Commercial Square Footage   TSF             --          --       330.00       3,815       330.00       3,815 
                  SUB-TOTAL                                              --                    3,815                    3,815 

       43     3. Commercial Square Footage   TSF             --          --       270.00       6,796       270.00       6,796 
                  SUB-TOTAL                                              --                    6,796                    6,796 

       44     1. Single Family Residential   DU          445.00       4,406       445.00       4,406         0.00           0 
              3. Commercial Square Footage   TSF          10.00         371        35.00       2,498        25.00       2,127 
              4. Other                       --              --         725           --       1,087           --         362 
                  SUB-TOTAL                                           5,502                    7,991                    2,489 

       45     3. Commercial Square Footage   TSF             --          --     1,660.00      15,730     1,660.00      15,730 
                  SUB-TOTAL                                              --                   15,730                   15,730 

       46     3. Commercial Square Footage   TSF         238.65       3,824       522.80       5,529       284.15       1,705 
                  SUB-TOTAL                                           3,824                    5,529                    1,705 

       47     3. Commercial Square Footage   TSF       2,403.65      14,422     4,254.10      25,525     1,850.45      11,103 
                  SUB-TOTAL                                          14,422                   25,525                   11,103 

       48     3. Commercial Square Footage   TSF             --          --       720.00       4,320       720.00       4,320 
                  SUB-TOTAL                                              --                    4,320                    4,320 

       49     3. Commercial Square Footage   TSF         600.20       3,601       764.30       4,586       164.10         985 
                  SUB-TOTAL                                           3,601                    4,586                      985 

       50     1. Single Family Residential   DU          100.00         990       133.00       1,317        33.00         327 
              4. Other                       --              --       1,000           --       2,000           --       1,000 
                  SUB-TOTAL                                           1,990                    3,317                    1,327 

       51     3. Commercial Square Footage   TSF             --          --     1,300.00       7,800     1,300.00       7,800 
                  SUB-TOTAL                                              --                    7,800                    7,800 

       52     1. Single Family Residential   DU           10.00          99     1,015.00      10,049     1,005.00       9,950 
                  SUB-TOTAL                                              99                   10,049                    9,950 

       53     1. Single Family Residential   DU              --          --       250.00       2,475       250.00       2,475 
                  SUB-TOTAL                                              --                    2,475                    2,475 

       54     1. Single Family Residential   DU              --          --        62.00         614        62.00         614 
              2. Condo/Townhome/Apartment    DU              --          --       589.00       4,712       589.00       4,712 
                  SUB-TOTAL                                              --                    5,326                    5,326 

       55     1. Single Family Residential   DU              --          --       164.00       1,624       164.00       1,624 
              2. Condo/Townhome/Apartment    DU              --          --       922.00       7,376       922.00       7,376 
              4. Other                       --                          --           --          15           --          15 
                  SUB-TOTAL                                              --                    9,015                    9,015 
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                                               LAND USE AND TRIP GENERATION COMPARISON

                                                         ------ 2004 ------       ------- LRC ------       --- Difference ---
      Zone        Land Use Category         Units        Amount         ADT       Amount         ADT       Amount         ADT
    ---------------------------------------------------------------------------------------------------------------------------
       56     1. Single Family Residential   DU              --          --        19.00         188        19.00         188 
              2. Condo/Townhome/Apartment    DU              --          --        23.00         184        23.00         184 
                  SUB-TOTAL                                              --                      372                      372 

       57     3. Commercial Square Footage   TSF             --          --     1,330.00      17,856     1,330.00      17,856 
                  SUB-TOTAL                                              --                   17,856                   17,856 

       58     3. Commercial Square Footage   TSF         850.20       5,101     1,051.50       6,309       201.30       1,208 
                  SUB-TOTAL                                           5,101                    6,309                    1,208 

       59     3. Commercial Square Footage   TSF         764.00       3,820       764.00       3,820         0.00           0 
                  SUB-TOTAL                                           3,820                    3,820                        0 

       60     3. Commercial Square Footage   TSF             --          --       295.00      11,273       295.00      11,273 
                  SUB-TOTAL                                              --                   11,273                   11,273 

       61     3. Commercial Square Footage   TSF             --          --       710.19       4,261       710.19       4,261 
                  SUB-TOTAL                                              --                    4,261                    4,261 

       62     3. Commercial Square Footage   TSF             --          --       450.14       5,475       450.14       5,475 
                  SUB-TOTAL                                              --                    5,475                    5,475 

       63     3. Commercial Square Footage   TSF         250.02       1,500       575.00       3,450       324.98       1,950 
                  SUB-TOTAL                                           1,500                    3,450                    1,950 

       64     3. Commercial Square Footage   TSF       2,742.00      16,452     3,161.48      18,969       419.48       2,517 
                  SUB-TOTAL                                          16,452                   18,969                    2,517 

       65     3. Commercial Square Footage   TSF         329.00       1,974       484.00       8,183       155.00       6,209 
                  SUB-TOTAL                                           1,974                    8,183                    6,209 

       66     3. Commercial Square Footage   TSF         431.60       6,084       499.45       8,802        67.85       2,718 
                  SUB-TOTAL                                           6,084                    8,802                    2,718 

       67     1. Single Family Residential   DU              --          --       163.00       1,614       163.00       1,614 
              2. Condo/Townhome/Apartment    DU              --          --        90.00         720        90.00         720 
                  SUB-TOTAL                                              --                    2,334                    2,334 

       68     2. Condo/Townhome/Apartment    DU          156.00       1,076       208.00       1,435        52.00         359 
                  SUB-TOTAL                                           1,076                    1,435                      359 

       69     1. Single Family Residential   DU              --          --        76.00         752        76.00         752 
                  SUB-TOTAL                                              --                      752                      752 

       70     3. Commercial Square Footage   TSF         610.00       9,227       822.00      14,344       212.00       5,117 
              4. Other                       --              --         678           --         678           --           0 
                  SUB-TOTAL                                           9,905                   15,022                    5,117 

       71     4. Other                       --              --       6,265           --       4,475           --      -1,790 
                  SUB-TOTAL                                           6,265                    4,475                   -1,790 
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                                               LAND USE AND TRIP GENERATION COMPARISON

                                                         ------ 2004 ------       ------- LRC ------       --- Difference ---
      Zone        Land Use Category         Units        Amount         ADT       Amount         ADT       Amount         ADT
    ---------------------------------------------------------------------------------------------------------------------------
       72     3. Commercial Square Footage   TSF             --          --        60.00       2,224        60.00       2,224 
              4. Other                       --              --         508           --         508           --           0 
                  SUB-TOTAL                                             508                    2,732                    2,224 

       74     1. Single Family Residential   DU              --          --       153.00       1,515       153.00       1,515 
              2. Condo/Townhome/Apartment    DU              --          --       147.00       1,176       147.00       1,176 
                  SUB-TOTAL                                              --                    2,691                    2,691 

       75     2. Condo/Townhome/Apartment    DU              --          --       149.00       1,192       149.00       1,192 
              4. Other                       --                          --           --           9           --           9 
                  SUB-TOTAL                                              --                    1,201                    1,201 

       76     2. Condo/Townhome/Apartment    DU              --          --       188.00       1,297       188.00       1,297 
              3. Commercial Square Footage   TSF             --          --        11.00         936        11.00         936 
                  SUB-TOTAL                                              --                    2,233                    2,233 

       78     3. Commercial Square Footage   TSF       1,615.00       9,690     1,776.00      10,656       161.00         966 
                  SUB-TOTAL                                           9,690                   10,656                      966 

       79     3. Commercial Square Footage   TSF         685.00       4,110       685.00       4,110         0.00           0 
                  SUB-TOTAL                                           4,110                    4,110                        0 

       80     3. Commercial Square Footage   TSF         828.00       4,968       880.00       5,280        52.00         312 
                  SUB-TOTAL                                           4,968                    5,280                      312 

       81     3. Commercial Square Footage   TSF         711.00       4,266       711.00       4,266         0.00           0 
                  SUB-TOTAL                                           4,266                    4,266                        0 

       82     3. Commercial Square Footage   TSF         714.00       4,284     1,007.55       6,045       293.55       1,761 
                  SUB-TOTAL                                           4,284                    6,045                    1,761 

       83     3. Commercial Square Footage   TSF         876.00       5,256       876.00       5,256         0.00           0 
                  SUB-TOTAL                                           5,256                    5,256                        0 

       84     3. Commercial Square Footage   TSF         333.00       1,998       333.00       1,998         0.00           0 
                  SUB-TOTAL                                           1,998                    1,998                        0 

       86     1. Single Family Residential   DU           11.00         109       346.00       3,425       335.00       3,316 
              3. Commercial Square Footage   TSF          62.26       7,436        82.76       8,257        20.50         821 
              4. Other                       --              --         296           --         296           --           0 
                  SUB-TOTAL                                           7,841                   11,978                    4,137 

       87     3. Commercial Square Footage   TSF             --          --     1,274.13       7,645     1,274.13       7,645 
                  SUB-TOTAL                                              --                    7,645                    7,645 

       89     4. Other                       --              --       2,000           --       3,000           --       1,000 
                  SUB-TOTAL                                           2,000                    3,000                    1,000 

       90     2. Condo/Townhome/Apartment    DU              --          --       408.00       2,815       408.00       2,815 
              3. Commercial Square Footage   TSF          63.88         383     1,498.88      56,353     1,435.00      55,970 
                  SUB-TOTAL                                             383                   59,168                   58,785 
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                                               LAND USE AND TRIP GENERATION COMPARISON

                                                         ------ 2004 ------       ------- LRC ------       --- Difference ---
      Zone        Land Use Category         Units        Amount         ADT       Amount         ADT       Amount         ADT
    ---------------------------------------------------------------------------------------------------------------------------
       91     3. Commercial Square Footage   TSF          43.38       2,345       247.38      13,373       204.00      11,028 
                  SUB-TOTAL                                           2,345                   13,373                   11,028 

       92     2. Condo/Townhome/Apartment    DU              --          --     1,000.00       8,000     1,000.00       8,000 
              3. Commercial Square Footage   TSF             --          --     1,200.00      36,672     1,200.00      36,672 
              4. Other                       --                          --           --       2,469           --       2,469 
                  SUB-TOTAL                                              --                   47,141                   47,141 

       93     3. Commercial Square Footage   TSF          11.00         408        20.00         741         9.00         333 
              4. Other                       --              --       1,391           --       1,391           --           0 
                  SUB-TOTAL                                           1,799                    2,132                      333 

       94     4. Other                       --              --      16,000           --      24,000           --       8,000 
                  SUB-TOTAL                                          16,000                   24,000                    8,000 

       95     3. Commercial Square Footage   TSF             --          --       115.21       6,228       115.21       6,228 
                  SUB-TOTAL                                              --                    6,228                    6,228 

       96     1. Single Family Residential   DU              --          --       123.00       1,218       123.00       1,218 
              2. Condo/Townhome/Apartment    DU              --          --       881.00       7,048       881.00       7,048 
                  SUB-TOTAL                                              --                    8,266                    8,266 

       97     4. Other                       --              --       2,620           --       2,620           --           0 
                  SUB-TOTAL                                           2,620                    2,620                        0 

       98     3. Commercial Square Footage   TSF             --          --       697.70       7,580       697.70       7,580 
                  SUB-TOTAL                                              --                    7,580                    7,580 

       99     2. Condo/Townhome/Apartment    DU              --          --       470.00       3,760       470.00       3,760 
              4. Other                       --                          --           --          53           --          53 
                  SUB-TOTAL                                              --                    3,813                    3,813 

      100     3. Commercial Square Footage   TSF             --          --       243.00       4,499       243.00       4,499 
                  SUB-TOTAL                                              --                    4,499                    4,499 

      101     3. Commercial Square Footage   TSF             --          --       388.30      15,555       388.30      15,555 
                  SUB-TOTAL                                              --                   15,555                   15,555 

      102     1. Single Family Residential   DU              --          --        38.00         376        38.00         376 
              2. Condo/Townhome/Apartment    DU              --          --       460.00       3,510       460.00       3,510 
              3. Commercial Square Footage   TSF             --          --        20.00       1,003        20.00       1,003 
                  SUB-TOTAL                                              --                    4,889                    4,889 

      103     1. Single Family Residential   DU              --          --        95.00         940        95.00         940 
              2. Condo/Townhome/Apartment    DU              --          --       169.00       1,352       169.00       1,352 
              3. Commercial Square Footage   TSF             --          --        48.00       3,627        48.00       3,627 
              4. Other                       --                          --           --       1,130           --       1,130 
                  SUB-TOTAL                                              --                    7,049                    7,049 

      104     1. Single Family Residential   DU              --          --       175.00       1,732       175.00       1,732 
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                                                         ------ 2004 ------       ------- LRC ------       --- Difference ---
      Zone        Land Use Category         Units        Amount         ADT       Amount         ADT       Amount         ADT
    ---------------------------------------------------------------------------------------------------------------------------
      104     2. Condo/Townhome/Apartment    DU              --          --       363.00       2,737       363.00       2,737 
              3. Commercial Square Footage   TSF             --          --       622.00      17,900       622.00      17,900 
                  SUB-TOTAL                                              --                   22,369                   22,369 

      105     2. Condo/Townhome/Apartment    DU              --          --       144.00         994       144.00         994 
              3. Commercial Square Footage   TSF             --          --       343.00       5,957       343.00       5,957 
                  SUB-TOTAL                                              --                    6,951                    6,951 

      106     2. Condo/Townhome/Apartment    DU              --          --       520.00       3,588       520.00       3,588 
                  SUB-TOTAL                                              --                    3,588                    3,588 

      107     1. Single Family Residential   DU              --          --       461.00       4,564       461.00       4,564 
              2. Condo/Townhome/Apartment    DU              --          --       326.00       2,608       326.00       2,608 
              4. Other                       --                          --           --       6,089           --       6,089 
                  SUB-TOTAL                                              --                   13,261                   13,261 

      108     2. Condo/Townhome/Apartment    DU              --          --     2,189.00      17,512     2,189.00      17,512 
              4. Other                       --                          --           --       1,328           --       1,328 
                  SUB-TOTAL                                              --                   18,840                   18,840 

      109     1. Single Family Residential   DU              --          --        38.00         376        38.00         376 
                  SUB-TOTAL                                              --                      376                      376 

      110     1. Single Family Residential   DU              --          --       184.00       1,822       184.00       1,822 
              2. Condo/Townhome/Apartment    DU              --          --       548.00       4,384       548.00       4,384 
              4. Other                       --                          --           --       1,329           --       1,329 
                  SUB-TOTAL                                              --                    7,535                    7,535 

      111     3. Commercial Square Footage   TSF             --          --       100.00         238       100.00         238 
                  SUB-TOTAL                                              --                      238                      238 

      112     1. Single Family Residential   DU              --          --       246.00       2,435       246.00       2,435 
              4. Other                       --                          --           --       1,433           --       1,433 
                  SUB-TOTAL                                              --                    3,868                    3,868 

      113     2. Condo/Townhome/Apartment    DU              --          --       354.00       2,832       354.00       2,832 
                  SUB-TOTAL                                              --                    2,832                    2,832 

      114     2. Condo/Townhome/Apartment    DU              --          --       560.00       4,480       560.00       4,480 
                  SUB-TOTAL                                              --                    4,480                    4,480 

      115     1. Single Family Residential   DU              --          --       603.00       5,970       603.00       5,970 
                  SUB-TOTAL                                              --                    5,970                    5,970 

      116     2. Condo/Townhome/Apartment    DU              --          --     1,262.00      10,096     1,262.00      10,096 
              3. Commercial Square Footage   TSF             --          --       628.50      33,977       628.50      33,977 
                  SUB-TOTAL                                              --                   44,073                   44,073 

      117     2. Condo/Townhome/Apartment    DU              --          --     1,261.00      10,088     1,261.00      10,088 
              3. Commercial Square Footage   TSF             --          --       628.50      33,977       628.50      33,977 
                  SUB-TOTAL                                              --                   44,065                   44,065 
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      118     2. Condo/Townhome/Apartment    DU              --          --       161.00       1,288       161.00       1,288 
                  SUB-TOTAL                                              --                    1,288                    1,288 

      119     2. Condo/Townhome/Apartment    DU              --          --     1,679.00      11,585     1,679.00      11,585 
                  SUB-TOTAL                                              --                   11,585                   11,585 

      120     2. Condo/Townhome/Apartment    DU              --          --     2,425.00      19,400     2,425.00      19,400 
              3. Commercial Square Footage   TSF             --          --       358.30      15,910       358.30      15,910 
              4. Other                       --                          --           --       1,327           --       1,327 
                  SUB-TOTAL                                              --                   36,637                   36,637 

      121     1. Single Family Residential   DU              --          --       168.00       1,663       168.00       1,663 
              2. Condo/Townhome/Apartment    DU              --          --       418.00       3,344       418.00       3,344 
                  SUB-TOTAL                                              --                    5,007                    5,007 

      122     2. Condo/Townhome/Apartment    DU              --          --       176.00       1,408       176.00       1,408 
                  SUB-TOTAL                                              --                    1,408                    1,408 

      123     1. Single Family Residential   DU              --          --       440.00       4,356       440.00       4,356 
                  SUB-TOTAL                                              --                    4,356                    4,356 

      124     2. Condo/Townhome/Apartment    DU              --          --     1,000.00       3,710     1,000.00       3,710 
                  SUB-TOTAL                                              --                    3,710                    3,710 

      125     4. Other                       --                          --           --       6,036           --       6,036 
                  SUB-TOTAL                                              --                    6,036                    6,036 

      126     2. Condo/Townhome/Apartment    DU              --          --       585.00       4,680       585.00       4,680 
              3. Commercial Square Footage   TSF             --          --       375.00      10,710       375.00      10,710 
                  SUB-TOTAL                                              --                   15,390                   15,390 

      127     2. Condo/Townhome/Apartment    DU              --          --       888.00       7,104       888.00       7,104 
                  SUB-TOTAL                                              --                    7,104                    7,104 

      128     1. Single Family Residential   DU              --          --       450.00       4,455       450.00       4,455 
                  SUB-TOTAL                                              --                    4,455                    4,455 

      129     1. Single Family Residential   DU              --          --       177.00       1,752       177.00       1,752 
                  SUB-TOTAL                                              --                    1,752                    1,752 

      130     1. Single Family Residential   DU          708.00       7,009       708.00       7,009         0.00           0 
                  SUB-TOTAL                                           7,009                    7,009                        0 

      131     2. Condo/Townhome/Apartment    DU              --          --     1,400.00      11,200     1,400.00      11,200 
              4. Other                       --                          --           --       1,305           --       1,305 
                  SUB-TOTAL                                              --                   12,505                   12,505 

      132     1. Single Family Residential   DU          436.00       4,316       436.00       4,316         0.00           0 
              4. Other                       --              --       1,347           --       1,347           --           0 
                  SUB-TOTAL                                           5,663                    5,663                        0 
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      133     3. Commercial Square Footage   TSF          27.00       1,460        27.00       1,460         0.00           0 
                  SUB-TOTAL                                           1,460                    1,460                        0 

      134     1. Single Family Residential   DU          482.00       4,772       482.00       4,772         0.00           0 
                  SUB-TOTAL                                           4,772                    4,772                        0 

      135     1. Single Family Residential   DU           20.00         198       174.00       1,723       154.00       1,525 
              2. Condo/Townhome/Apartment    DU          172.00       1,376       172.00       1,376         0.00           0 
              4. Other                       --              --       1,656           --       1,656           --           0 
                  SUB-TOTAL                                           3,230                    4,755                    1,525 

      137     3. Commercial Square Footage   TSF             --          --        72.00         832        72.00         832 
                  SUB-TOTAL                                              --                      832                      832 

      138     3. Commercial Square Footage   TSF         100.00       5,406       120.00       6,487        20.00       1,081 
                  SUB-TOTAL                                           5,406                    6,487                    1,081 

      139     2. Condo/Townhome/Apartment    DU           96.00         662       474.00       3,271       378.00       2,609 
                  SUB-TOTAL                                             662                    3,271                    2,609 

      140     1. Single Family Residential   DU              --          --       572.00       5,663       572.00       5,663 
              2. Condo/Townhome/Apartment    DU              --          --     1,250.00      10,000     1,250.00      10,000 
              3. Commercial Square Footage   TSF             --          --        28.48       2,422        28.48       2,422 
                  SUB-TOTAL                                              --                   18,085                   18,085 

      141     3. Commercial Square Footage   TSF          30.40       7,657        30.40       7,657         0.00           0 
                  SUB-TOTAL                                           7,657                    7,657                        0 

      142     2. Condo/Townhome/Apartment    DU              --          --       670.00       5,360       670.00       5,360 
                  SUB-TOTAL                                              --                    5,360                    5,360 

      143     1. Single Family Residential   DU          484.00       4,791       578.00       5,722        94.00         931 
              2. Condo/Townhome/Apartment    DU           80.00         640       160.00       1,280        80.00         640 
              4. Other                       --                          --           --       1,251           --       1,251 
                  SUB-TOTAL                                           5,431                    8,253                    2,822 

      144     1. Single Family Residential   DU              --          --         6.00          59         6.00          59 
                  SUB-TOTAL                                              --                       59                       59 

      145     3. Commercial Square Footage   TSF         948.72      40,635       948.72      40,635         0.00           0 
                  SUB-TOTAL                                          40,635                   40,635                        0 

      146     1. Single Family Residential   DU          314.00       3,109       314.00       3,109         0.00           0 
              2. Condo/Townhome/Apartment    DU          296.00       2,368       296.00       2,368         0.00           0 
                  SUB-TOTAL                                           5,477                    5,477                        0 

      147     1. Single Family Residential   DU           46.00         455       140.00       1,386        94.00         931 
              2. Condo/Townhome/Apartment    DU              --          --       667.00       4,712       667.00       4,712 
              4. Other                       --              --       1,233           --       1,246           --          13 
                  SUB-TOTAL                                           1,688                    7,344                    5,656 
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      148     3. Commercial Square Footage   TSF         196.58      13,426       196.58      13,426         0.00           0 
                  SUB-TOTAL                                          13,426                   13,426                        0 

      149     1. Single Family Residential   DU          535.00       5,297       535.00       5,297         0.00           0 
              2. Condo/Townhome/Apartment    DU          500.00       4,000       500.00       4,000         0.00           0 
              3. Commercial Square Footage   TSF          34.85       2,964        34.85       2,964         0.00           0 
                  SUB-TOTAL                                          12,261                   12,261                        0 

      150     1. Single Family Residential   DU          114.00       1,129       114.00       1,129         0.00           0 
                  SUB-TOTAL                                           1,129                    1,129                        0 

      151     1. Single Family Residential   DU              --          --        75.00         743        75.00         743 
                  SUB-TOTAL                                              --                      743                      743 

      152     1. Single Family Residential   DU          279.00       2,762       279.00       2,762         0.00           0 
              4. Other                       --                          --           --          47           --          47 
                  SUB-TOTAL                                           2,762                    2,809                       47 

      153     1. Single Family Residential   DU              --          --       424.00       4,198       424.00       4,198 
                  SUB-TOTAL                                              --                    4,198                    4,198 

      158     1. Single Family Residential   DU              --          --       100.00         990       100.00         990 
                  SUB-TOTAL                                              --                      990                      990 

      159     1. Single Family Residential   DU            4.00          40         4.00          40         0.00           0 
                  SUB-TOTAL                                              40                       40                        0 

      160     1. Single Family Residential   DU              --          --        95.00         940        95.00         940 
              2. Condo/Townhome/Apartment    DU              --          --        95.00         352        95.00         352 
                  SUB-TOTAL                                              --                    1,292                    1,292 

      161     1. Single Family Residential   DU          533.00       5,277       667.00       6,603       134.00       1,326 
              2. Condo/Townhome/Apartment    DU          531.00       4,248       650.00       5,200       119.00         952 
              3. Commercial Square Footage   TSF         116.52      12,311       434.23      21,623       317.71       9,312 
              4. Other                       --              --       7,903           --       7,903           --           0 
                  SUB-TOTAL                                          29,739                   41,329                   11,590 

      162     1. Single Family Residential   DU           83.00         822       248.00       2,455       165.00       1,633 
              3. Commercial Square Footage   TSF             --          --       342.42       6,977       342.42       6,977 
                  SUB-TOTAL                                             822                    9,432                    8,610 

      163     3. Commercial Square Footage   TSF             --          --     2,567.08      15,402     2,567.08      15,402 
                  SUB-TOTAL                                              --                   15,402                   15,402 

      164     1. Single Family Residential   DU          100.00         990       204.00       2,020       104.00       1,030 
              4. Other                       --              --       1,154           --       1,154           --           0 
                  SUB-TOTAL                                           2,144                    3,174                    1,030 

      165     1. Single Family Residential   DU           36.00         356        86.00         851        50.00         495 
              2. Condo/Townhome/Apartment    DU           80.00         640        80.00         640         0.00           0 
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      165     3. Commercial Square Footage   TSF          90.30       6,221     2,058.95      20,828     1,968.65      14,607 
              4. Other                       --              --         414           --         414           --           0 
                  SUB-TOTAL                                           7,631                   22,733                   15,102 

      166     1. Single Family Residential   DU          431.00       4,267       431.00       4,267         0.00           0 
              2. Condo/Townhome/Apartment    DU          217.00       1,736       292.00       2,336        75.00         600 
              3. Commercial Square Footage   TSF          95.46       5,158       115.46       5,899        20.00         741 
              4. Other                       --              --         648           --         648           --           0 
                  SUB-TOTAL                                          11,809                   13,150                    1,341 

      167     1. Single Family Residential   DU          180.00       1,782       327.00       3,237       147.00       1,455 
                  SUB-TOTAL                                           1,782                    3,237                    1,455 

      168     1. Single Family Residential   DU          247.00       2,445       247.00       2,445         0.00           0 
                  SUB-TOTAL                                           2,445                    2,445                        0 

      169     1. Single Family Residential   DU          127.00       1,257       127.00       1,257         0.00           0 
              2. Condo/Townhome/Apartment    DU           94.00         752        94.00         752         0.00           0 
              3. Commercial Square Footage   TSF         200.00       8,012       200.00       8,012         0.00           0 
                  SUB-TOTAL                                          10,021                   10,021                        0 

      170     1. Single Family Residential   DU          163.00       1,614       163.00       1,614         0.00           0 
                  SUB-TOTAL                                           1,614                    1,614                        0 

      171     1. Single Family Residential   DU           32.00         317        32.00         317         0.00           0 
              4. Other                       --              --         979           --         979           --           0 
                  SUB-TOTAL                                           1,296                    1,296                        0 

      172     1. Single Family Residential   DU          185.00       1,831       185.00       1,831         0.00           0 
                  SUB-TOTAL                                           1,831                    1,831                        0 

      173     1. Single Family Residential   DU          336.00       3,326       386.00       3,821        50.00         495 
                  SUB-TOTAL                                           3,326                    3,821                      495 

      174     3. Commercial Square Footage   TSF          35.00       1,892       337.20      18,229       302.20      16,337 
                  SUB-TOTAL                                           1,892                   18,229                   16,337 

      175     1. Single Family Residential   DU          162.00       1,604       162.00       1,604         0.00           0 
              2. Condo/Townhome/Apartment    DU          160.00       1,280       160.00       1,280         0.00           0 
              3. Commercial Square Footage   TSF         185.13       5,505       185.13       5,505         0.00           0 
              4. Other                       --              --       1,160           --       1,160           --           0 
                  SUB-TOTAL                                           9,549                    9,549                        0 

      176     1. Single Family Residential   DU          686.00       6,791       762.00       7,544        76.00         753 
              2. Condo/Townhome/Apartment    DU          135.00       1,080       135.00       1,080         0.00           0 
              3. Commercial Square Footage   TSF         337.59      13,100       337.59      13,100         0.00           0 
                  SUB-TOTAL                                          20,971                   21,724                      753 

      177     1. Single Family Residential   DU          477.00       4,722       542.00       5,366        65.00         644 
              2. Condo/Townhome/Apartment    DU          264.00       2,112       264.00       2,112         0.00           0 
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      177     3. Commercial Square Footage   TSF          97.57       5,275        97.57       5,275         0.00           0 
              4. Other                       --              --         776           --         776           --           0 
                  SUB-TOTAL                                          12,885                   13,529                      644 

      178     1. Single Family Residential   DU          333.00       3,297       333.00       3,297         0.00           0 
              3. Commercial Square Footage   TSF          43.12       1,590        79.12       2,006        36.00         416 
                  SUB-TOTAL                                           4,887                    5,303                      416 

      179     1. Single Family Residential   DU          167.00       1,653       167.00       1,653         0.00           0 
              3. Commercial Square Footage   TSF         133.73       1,863       158.20       3,186        24.47       1,323 
                  SUB-TOTAL                                           3,516                    4,839                    1,323 

      180     1. Single Family Residential   DU          428.00       4,237       428.00       4,237         0.00           0 
                  SUB-TOTAL                                           4,237                    4,237                        0 

      181     1. Single Family Residential   DU          282.00       2,792       282.00       2,792         0.00           0 
              4. Other                       --              --       1,124           --       1,124           --           0 
                  SUB-TOTAL                                           3,916                    3,916                        0 

      182     1. Single Family Residential   DU          514.00       4,374       514.00       4,374         0.00           0 
              2. Condo/Townhome/Apartment    DU          229.00       1,832       229.00       1,832         0.00           0 
              3. Commercial Square Footage   TSF          76.23       4,121        76.23       4,121         0.00           0 
              4. Other                       --              --         280           --         280           --           0 
                  SUB-TOTAL                                          10,607                   10,607                        0 

      183     2. Condo/Townhome/Apartment    DU          634.00       5,072       634.00       5,072         0.00           0 
              3. Commercial Square Footage   TSF             --          --         3.50         298         3.50         298 
              4. Other                       --              --       5,838           --       5,838           --           0 
                  SUB-TOTAL                                          10,910                   11,208                      298 

      184     3. Commercial Square Footage   TSF             --          --       250.00       2,890       250.00       2,890 
                  SUB-TOTAL                                              --                    2,890                    2,890 

      185     1. Single Family Residential   DU          344.00       3,406       344.00       3,406         0.00           0 
                  SUB-TOTAL                                           3,406                    3,406                        0 

      186     1. Single Family Residential   DU          150.00       1,485       150.00       1,485         0.00           0 
              3. Commercial Square Footage   TSF         108.90       3,724       308.90      10,564       200.00       6,840 
              4. Other                       --              --       2,104           --       4,244           --       2,140 
                  SUB-TOTAL                                           7,313                   16,293                    8,980 

      187     1. Single Family Residential   DU          111.00       1,099       111.00       1,099         0.00           0 
              2. Condo/Townhome/Apartment    DU          307.00       2,456       307.00       2,456         0.00           0 
              3. Commercial Square Footage   TSF         217.80         518       217.80         518         0.00           0 
              4. Other                       --              --          36           --          36           --           0 
                  SUB-TOTAL                                           4,109                    4,109                        0 

      188     1. Single Family Residential   DU           72.00         713        72.00         713         0.00           0 
              2. Condo/Townhome/Apartment    DU          216.00       1,728       216.00       1,728         0.00           0 
                  SUB-TOTAL                                           2,441                    2,441                        0 
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      189     3. Commercial Square Footage   TSF             --          --        28.44         329        28.44         329 
              4. Other                       --              --      20,856           --      30,800           --       9,944 
                  SUB-TOTAL                                          20,856                   31,129                   10,273 

      190     1. Single Family Residential   DU          171.00       1,693       171.00       1,693         0.00           0 
                  SUB-TOTAL                                           1,693                    1,693                        0 

      191     3. Commercial Square Footage   TSF             --          --        78.56       2,687        78.56       2,687 
                  SUB-TOTAL                                              --                    2,687                    2,687 

      192     1. Single Family Residential   DU          164.00       1,624       164.00       1,624         0.00           0 
              2. Condo/Townhome/Apartment    DU          660.00       5,280       660.00       5,280         0.00           0 
                  SUB-TOTAL                                           6,904                    6,904                        0 

      193     3. Commercial Square Footage   TSF         250.00       2,550       250.00       2,550         0.00           0 
                  SUB-TOTAL                                           2,550                    2,550                        0 

      194     4. Other                       --              --         796           --         796           --           0 
                  SUB-TOTAL                                             796                      796                        0 

      195     1. Single Family Residential   DU           76.00         752        76.00         752         0.00           0 
                  SUB-TOTAL                                             752                      752                        0 

      196     3. Commercial Square Footage   TSF             --          --        16.00         593        16.00         593 
                  SUB-TOTAL                                              --                      593                      593 

      197     3. Commercial Square Footage   TSF             --          --       400.00       4,080       400.00       4,080 
                  SUB-TOTAL                                              --                    4,080                    4,080 

      198     1. Single Family Residential   DU          331.00       3,277       331.00       3,277         0.00           0 
                  SUB-TOTAL                                           3,277                    3,277                        0 

      199     3. Commercial Square Footage   TSF           5.00         652         5.00         652         0.00           0 
              4. Other                       --              --       1,951           --       1,951           --           0 
                  SUB-TOTAL                                           2,603                    2,603                        0 

      200     3. Commercial Square Footage   TSF         385.10       3,928       578.00       5,896       192.90       1,968 
                  SUB-TOTAL                                           3,928                    5,896                    1,968 

      201     3. Commercial Square Footage   TSF             --          --       250.00       2,550       250.00       2,550 
                  SUB-TOTAL                                              --                    2,550                    2,550 

      202     2. Condo/Townhome/Apartment    DU           50.00         345       560.00       3,864       510.00       3,519 
              3. Commercial Square Footage   TSF          80.00       2,792        89.00       3,125         9.00         333 
              4. Other                       --              --       2,058           --       2,058           --           0 
                  SUB-TOTAL                                           5,195                    9,047                    3,852 

      203     3. Commercial Square Footage   TSF         742.00      29,725     1,629.00      61,695       887.00      31,970 
                  SUB-TOTAL                                          29,725                   61,695                   31,970 
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      204     3. Commercial Square Footage   TSF         462.00       6,922       462.00       6,922         0.00           0 
              4. Other                       --              --       5,808           --       5,808           --           0 
                  SUB-TOTAL                                          12,730                   12,730                        0 

      205     3. Commercial Square Footage   TSF         246.19       4,856       246.19       4,856         0.00           0 
              4. Other                       --              --       1,700           --       1,700           --           0 
                  SUB-TOTAL                                           6,556                    6,556                        0 

      206     3. Commercial Square Footage   TSF         141.99       8,876       187.61      11,782        45.62       2,906 
                  SUB-TOTAL                                           8,876                   11,782                    2,906 

      207     3. Commercial Square Footage   TSF         230.00       2,659       230.00       2,659         0.00           0 
                  SUB-TOTAL                                           2,659                    2,659                        0 

      208     2. Condo/Townhome/Apartment    DU          234.00       1,872       234.00       1,872         0.00           0 
                  SUB-TOTAL                                           1,872                    1,872                        0 

      209     1. Single Family Residential   DU          414.00       4,099       414.00       4,099         0.00           0 
              2. Condo/Townhome/Apartment    DU          352.00       2,816       352.00       2,816         0.00           0 
              4. Other                       --              --       1,160           --       1,160           --           0 
                  SUB-TOTAL                                           8,075                    8,075                        0 

      210     1. Single Family Residential   DU          205.00       2,029       205.00       2,029         0.00           0 
              2. Condo/Townhome/Apartment    DU          208.00       1,664       208.00       1,664         0.00           0 
              3. Commercial Square Footage   TSF         148.10       8,006       148.10       8,006         0.00           0 
                  SUB-TOTAL                                          11,699                   11,699                        0 

      211     1. Single Family Residential   DU          167.00       1,653       167.00       1,653         0.00           0 
                  SUB-TOTAL                                           1,653                    1,653                        0 

      212     1. Single Family Residential   DU          252.00       2,495       252.00       2,495         0.00           0 
              2. Condo/Townhome/Apartment    DU          272.00       2,176       272.00       2,176         0.00           0 
              4. Other                       --              --         179           --         179           --           0 
                  SUB-TOTAL                                           4,850                    4,850                        0 

      213     1. Single Family Residential   DU          275.00       2,723       275.00       2,723         0.00           0 
              4. Other                       --              --         233           --         233           --           0 
                  SUB-TOTAL                                           2,956                    2,956                        0 

      214     2. Condo/Townhome/Apartment    DU          107.00         738       307.00       2,118       200.00       1,380 
                  SUB-TOTAL                                             738                    2,118                    1,380 

      215     1. Single Family Residential   DU          105.00       1,040       105.00       1,040         0.00           0 
              2. Condo/Townhome/Apartment    DU           52.00         416        52.00         416         0.00           0 
              3. Commercial Square Footage   TSF         191.48       7,134       191.48       7,134         0.00           0 
              4. Other                       --              --       5,708           --       5,708           --           0 
                  SUB-TOTAL                                          14,298                   14,298                        0 

      216     1. Single Family Residential   DU           22.00         218        22.00         218         0.00           0 
              2. Condo/Townhome/Apartment    DU          128.00       1,024       378.00       3,024       250.00       2,000 
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      216     3. Commercial Square Footage   TSF         160.41       8,228       270.41      11,837       110.00       3,609 
                  SUB-TOTAL                                           9,470                   15,079                    5,609 

      217     1. Single Family Residential   DU          202.00       2,000       202.00       2,000         0.00           0 
              2. Condo/Townhome/Apartment    DU           16.00         128       316.00       2,528       300.00       2,400 
              3. Commercial Square Footage   TSF         110.63       3,948       155.63       5,616        45.00       1,668 
              4. Other                       --              --          82           --          82           --           0 
                  SUB-TOTAL                                           6,158                   10,226                    4,068 

      218     1. Single Family Residential   DU          458.00       4,081       511.00       4,606        53.00         525 
              2. Condo/Townhome/Apartment    DU          641.00       5,128       641.00       5,128         0.00           0 
              3. Commercial Square Footage   TSF          64.25       2,381       557.87      24,488       493.62      22,107 
              4. Other                       --              --          88           --          88           --           0 
                  SUB-TOTAL                                          11,678                   34,310                   22,632 

      219     1. Single Family Residential   DU           40.00         396       230.00       2,277       190.00       1,881 
                  SUB-TOTAL                                             396                    2,277                    1,881 

      220     1. Single Family Residential   DU            2.00          20         8.00          79         6.00          59 
              3. Commercial Square Footage   TSF         566.28       1,348       566.28       1,348         0.00           0 
                  SUB-TOTAL                                           1,368                    1,427                       59 

      221     1. Single Family Residential   DU          309.00       2,969       438.00       4,246       129.00       1,277 
              2. Condo/Townhome/Apartment    DU            6.00          48         6.00          48         0.00           0 
              3. Commercial Square Footage   TSF         144.40         866       144.40         866         0.00           0 
              4. Other                       --              --       1,417           --       1,417           --           0 
                  SUB-TOTAL                                           5,300                    6,577                    1,277 

      222     1. Single Family Residential   DU           33.00         327       105.00       1,040        72.00         713 
              2. Condo/Townhome/Apartment    DU              --          --       112.00         896       112.00         896 
              3. Commercial Square Footage   TSF             --          --       124.15         745       124.15         745 
              4. Other                       --              --       3,091           --       3,861           --         770 
                  SUB-TOTAL                                           3,418                    6,542                    3,124 

      223     1. Single Family Residential   DU           19.00         188        32.00         317        13.00         129 
              2. Condo/Townhome/Apartment    DU              --          --       641.00       5,128       641.00       5,128 
              3. Commercial Square Footage   TSF         114.10       2,771       632.50       9,966       518.40       7,195 
              4. Other                       --              --          73           --       1,249           --       1,176 
                  SUB-TOTAL                                           3,032                   16,660                   13,628 

      224     1. Single Family Residential   DU          260.00       2,484       356.00       3,434        96.00         950 
              2. Condo/Townhome/Apartment    DU          500.00       4,000       525.00       4,200        25.00         200 
              3. Commercial Square Footage   TSF          81.68       3,027       116.68       4,324        35.00       1,297 
              4. Other                       --              --       2,469           --       3,970           --       1,501 
                  SUB-TOTAL                                          11,980                   15,928                    3,948 

      225     1. Single Family Residential   DU          156.00       1,544       156.00       1,544         0.00           0 
              2. Condo/Townhome/Apartment    DU          151.00       1,208       151.00       1,208         0.00           0 
              4. Other                       --              --       2,368           --       2,368           --           0 
                  SUB-TOTAL                                           5,120                    5,120                        0 
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      226     1. Single Family Residential   DU          300.00       2,970       300.00       2,970         0.00           0 
              2. Condo/Townhome/Apartment    DU          292.00       2,336       292.00       2,336         0.00           0 
              3. Commercial Square Footage   TSF          69.70       2,583        85.38       3,431        15.68         848 
              4. Other                       --                          --           --          74           --          74 
                  SUB-TOTAL                                           7,889                    8,811                      922 

      227     1. Single Family Residential   DU          172.00       1,703       172.00       1,703         0.00           0 
              2. Condo/Townhome/Apartment    DU          184.00       1,472       184.00       1,472         0.00           0 
              3. Commercial Square Footage   TSF             --          --       563.56       5,748       563.56       5,748 
                  SUB-TOTAL                                           3,175                    8,923                    5,748 

      228     1. Single Family Residential   DU          358.00       3,544       358.00       3,544         0.00           0 
                  SUB-TOTAL                                           3,544                    3,544                        0 

      229     1. Single Family Residential   DU           74.00         733       178.00       1,763       104.00       1,030 
                  SUB-TOTAL                                             733                    1,763                    1,030 

      230     1. Single Family Residential   DU            1.00          10        10.00          99         9.00          89 
                  SUB-TOTAL                                              10                       99                       89 

      231     1. Single Family Residential   DU              --          --         5.00          50         5.00          50 
              2. Condo/Townhome/Apartment    DU              --          --        51.00         408        51.00         408 
              3. Commercial Square Footage   TSF             --          --        29.00          69        29.00          69 
                  SUB-TOTAL                                              --                      527                      527 

      232     1. Single Family Residential   DU              --          --        10.00          99        10.00          99 
                  SUB-TOTAL                                              --                       99                       99 

      233     3. Commercial Square Footage   TSF             --          --       569.47       5,809       569.47       5,809 
                  SUB-TOTAL                                              --                    5,809                    5,809 

      234     3. Commercial Square Footage   TSF             --          --       570.24      10,202       570.24      10,202 
                  SUB-TOTAL                                              --                   10,202                   10,202 

      235     3. Commercial Square Footage   TSF          84.20       3,499       150.00       2,407        65.80      -1,092 
                  SUB-TOTAL                                           3,499                    2,407                   -1,092 

      236     1. Single Family Residential   DU              --          --       808.00       8,000       808.00       8,000 
              4. Other                       --                          --           --         951           --         951 
                  SUB-TOTAL                                              --                    8,951                    8,951 

      237     1. Single Family Residential   DU              --          --       225.00       2,228       225.00       2,228 
              2. Condo/Townhome/Apartment    DU              --          --       570.00       3,933       570.00       3,933 
              3. Commercial Square Footage   TSF             --          --        99.00       1,144        99.00       1,144 
              4. Other                       --                          --           --          63           --          63 
                  SUB-TOTAL                                              --                    7,368                    7,368 

      238     1. Single Family Residential   DU              --          --       399.00       3,950       399.00       3,950 
              2. Condo/Townhome/Apartment    DU              --          --       123.00         984       123.00         984 
              3. Commercial Square Footage   TSF             --          --     1,468.00      21,860     1,468.00      21,860 
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      238     4. Other                       --                          --           --          67           --          67 
                  SUB-TOTAL                                              --                   26,861                   26,861 

      239     3. Commercial Square Footage   TSF         567.38       5,889     2,539.83      25,779     1,972.45      19,890 
              4. Other                       --              --         895           --         895           --           0 
                  SUB-TOTAL                                           6,784                   26,674                   19,890 

      240     3. Commercial Square Footage   TSF             --          --       181.00      12,417       181.00      12,417 
                  SUB-TOTAL                                              --                   12,417                   12,417 

      241     3. Commercial Square Footage   TSF             --          --        44.00       2,665        44.00       2,665 
                  SUB-TOTAL                                              --                    2,665                    2,665 

      242     3. Commercial Square Footage   TSF             --          --       368.00       3,910       368.00       3,910 
                  SUB-TOTAL                                              --                    3,910                    3,910 

      243     1. Single Family Residential   DU              --          --       211.00       2,089       211.00       2,089 
              2. Condo/Townhome/Apartment    DU              --          --       816.00       6,099       816.00       6,099 
              3. Commercial Square Footage   TSF             --          --       293.00      11,034       293.00      11,034 
                  SUB-TOTAL                                              --                   19,222                   19,222 

      244     1. Single Family Residential   DU          512.00       5,068       512.00       5,068         0.00           0 
              2. Condo/Townhome/Apartment    DU          157.00       1,256       157.00       1,256         0.00           0 
                  SUB-TOTAL                                           6,324                    6,324                        0 

      245     2. Condo/Townhome/Apartment    DU          148.00       1,184       148.00       1,184         0.00           0 
              3. Commercial Square Footage   TSF          61.16         312       406.74       2,385       345.58       2,073 
                  SUB-TOTAL                                           1,496                    3,569                    2,073 

      246     3. Commercial Square Footage   TSF          58.81         300        94.81       3,362        36.00       3,062 
                  SUB-TOTAL                                             300                    3,362                    3,062 

      247     3. Commercial Square Footage   TSF          71.37       3,858        71.37       3,858         0.00           0 
                  SUB-TOTAL                                           3,858                    3,858                        0 

      248     1. Single Family Residential   DU            2.00          20         2.00          20         0.00           0 
              2. Condo/Townhome/Apartment    DU            4.00          32         4.00          32         0.00           0 
              3. Commercial Square Footage   TSF         882.09       5,293       882.09       5,293         0.00           0 
                  SUB-TOTAL                                           5,345                    5,345                        0 

      249     3. Commercial Square Footage   TSF         291.68       1,488       441.68       3,222       150.00       1,734 
                  SUB-TOTAL                                           1,488                    3,222                    1,734 

      250     3. Commercial Square Footage   TSF          58.00       2,149       148.66       7,050        90.66       4,901 
                  SUB-TOTAL                                           2,149                    7,050                    4,901 

      252     3. Commercial Square Footage   TSF             --          --       858.00       8,752       858.00       8,752 
                  SUB-TOTAL                                              --                    8,752                    8,752 

      253     1. Single Family Residential   DU              --          --        84.00         832        84.00         832 
                  SUB-TOTAL                                              --                      832                      832 
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      254     3. Commercial Square Footage   TSF           8.71         323       116.21       6,134       107.50       5,811 
                  SUB-TOTAL                                             323                    6,134                    5,811 

      255     1. Single Family Residential   DU            2.00          20        69.00         683        67.00         663 
                  SUB-TOTAL                                              20                      683                      663 

      256     1. Single Family Residential   DU           20.00         198        20.00         198         0.00           0 
                  SUB-TOTAL                                             198                      198                        0 

      257     1. Single Family Residential   DU          103.00       1,020       304.00       3,009       201.00       1,989 
              2. Condo/Townhome/Apartment    DU           11.00          88        11.00          88         0.00           0 
                  SUB-TOTAL                                           1,108                    3,097                    1,989 

      258     1. Single Family Residential   DU           54.00         535        97.00         960        43.00         425 
              3. Commercial Square Footage   TSF             --          --       125.00         638       125.00         638 
                  SUB-TOTAL                                             535                    1,598                    1,063 

      259     1. Single Family Residential   DU              --          --        14.00         139        14.00         139 
              2. Condo/Townhome/Apartment    DU              --          --       237.00       1,896       237.00       1,896 
                  SUB-TOTAL                                              --                    2,035                    2,035 

      260     1. Single Family Residential   DU           27.00         267       402.00       3,980       375.00       3,713 
                  SUB-TOTAL                                             267                    3,980                    3,713 

      261     1. Single Family Residential   DU           10.00          99       295.00       2,921       285.00       2,822 
                  SUB-TOTAL                                              99                    2,921                    2,822 

      262     1. Single Family Residential   DU          346.00       3,425       790.00       7,821       444.00       4,396 
              4. Other                       --              --       1,088           --       1,088           --           0 
                  SUB-TOTAL                                           4,513                    8,909                    4,396 

      263     2. Condo/Townhome/Apartment    DU              --          --       140.00       1,120       140.00       1,120 
                  SUB-TOTAL                                              --                    1,120                    1,120 

      264     1. Single Family Residential   DU           63.00         624        63.00         624         0.00           0 
                  SUB-TOTAL                                             624                      624                        0 

      265     2. Condo/Townhome/Apartment    DU        1,338.00      10,704     1,338.00      10,704         0.00           0 
                  SUB-TOTAL                                          10,704                   10,704                        0 

      266     3. Commercial Square Footage   TSF         101.04       5,462       101.04       5,462         0.00           0 
                  SUB-TOTAL                                           5,462                    5,462                        0 

      267     3. Commercial Square Footage   TSF         100.00       5,406       100.00       5,406         0.00           0 
                  SUB-TOTAL                                           5,406                    5,406                        0 

      268     2. Condo/Townhome/Apartment    DU          400.00       3,200       400.00       3,200         0.00           0 
              3. Commercial Square Footage   TSF         257.33      10,240       257.33      10,240         0.00           0 
                  SUB-TOTAL                                          13,440                   13,440                        0 
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      269     1. Single Family Residential   DU          173.00       1,713       687.00       6,801       514.00       5,088 
              4. Other                       --              --           8           --       2,735           --       2,727 
                  SUB-TOTAL                                           1,721                    9,536                    7,815 

      270     1. Single Family Residential   DU            8.00          79         8.00          79         0.00           0 
                  SUB-TOTAL                                              79                       79                        0 

      271     2. Condo/Townhome/Apartment    DU              --          --       155.00       1,070       155.00       1,070 
              3. Commercial Square Footage   TSF             --          --       690.66      27,668       690.66      27,668 
                  SUB-TOTAL                                              --                   28,738                   28,738 

      272     1. Single Family Residential   DU          819.00       8,108       967.00       9,573       148.00       1,465 
              2. Condo/Townhome/Apartment    DU          823.00       6,584       823.00       6,584         0.00           0 
              3. Commercial Square Footage   TSF           8.12         691         8.12         691         0.00           0 
              4. Other                       --              --       1,088           --       1,088           --           0 
                  SUB-TOTAL                                          16,471                   17,936                    1,465 

      273     1. Single Family Residential   DU            6.00          59       101.00       1,000        95.00         941 
                  SUB-TOTAL                                              59                    1,000                      941 

      274     1. Single Family Residential   DU              --          --       362.00       3,584       362.00       3,584 
              3. Commercial Square Footage   TSF             --          --       110.06       1,123       110.06       1,123 
                  SUB-TOTAL                                              --                    4,707                    4,707 

      275     1. Single Family Residential   DU          225.00       2,228       225.00       2,228         0.00           0 
                  SUB-TOTAL                                           2,228                    2,228                        0 

      276     1. Single Family Residential   DU           75.00         743        75.00         743         0.00           0 
              2. Condo/Townhome/Apartment    DU          539.00       4,312       539.00       4,312         0.00           0 
              3. Commercial Square Footage   TSF          98.01       8,337        98.01       8,337         0.00           0 
              4. Other                       --              --          73           --          73           --           0 
                  SUB-TOTAL                                          13,465                   13,465                        0 

      277     3. Commercial Square Footage   TSF           7.91         809         7.91         809         0.00           0 
                  SUB-TOTAL                                             809                      809                        0 

      278     2. Condo/Townhome/Apartment    DU          757.00       6,056       757.00       6,056         0.00           0 
              3. Commercial Square Footage   TSF          81.89       6,966        81.89       6,966         0.00           0 
              4. Other                       --              --         398           --         398           --           0 
                  SUB-TOTAL                                          13,420                   13,420                        0 

      279     1. Single Family Residential   DU          313.00       2,160       313.00       2,160         0.00           0 
              3. Commercial Square Footage   TSF          19.53       1,646        84.53       2,590        65.00         944 
                  SUB-TOTAL                                           3,806                    4,750                      944 

      280     3. Commercial Square Footage   TSF             --          --        38.18         389        38.18         389 
                  SUB-TOTAL                                              --                      389                      389 

      281     2. Condo/Townhome/Apartment    DU              --          --       150.00       1,200       150.00       1,200 
                  SUB-TOTAL                                              --                    1,200                    1,200 
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      282     2. Condo/Townhome/Apartment    DU          486.00       3,888       486.00       3,888         0.00           0 
              3. Commercial Square Footage   TSF          17.90         968        17.90         968         0.00           0 
                  SUB-TOTAL                                           4,856                    4,856                        0 

      283     1. Single Family Residential   DU          161.00       1,594       161.00       1,594         0.00           0 
              2. Condo/Townhome/Apartment    DU          400.00       3,200       400.00       3,200         0.00           0 
              4. Other                       --              --       1,618           --       1,618           --           0 
                  SUB-TOTAL                                           6,412                    6,412                        0 

      284     1. Single Family Residential   DU          348.00       2,407       392.00       2,842        44.00         435 
                  SUB-TOTAL                                           2,407                    2,842                      435 

      285     1. Single Family Residential   DU              --          --        80.00         792        80.00         792 
              3. Commercial Square Footage   TSF             --          --       246.99       9,894       246.99       9,894 
                  SUB-TOTAL                                              --                   10,686                   10,686 

      286     1. Single Family Residential   DU              --          --        82.00         812        82.00         812 
                  SUB-TOTAL                                              --                      812                      812 

      287     1. Single Family Residential   DU              --          --       111.00       1,099       111.00       1,099 
                  SUB-TOTAL                                              --                    1,099                    1,099 

      288     4. Other                       --                          --           --       4,475           --       4,475 
                  SUB-TOTAL                                              --                    4,475                    4,475 

      289     1. Single Family Residential   DU              --          --       166.00       1,643       166.00       1,643 
              3. Commercial Square Footage   TSF             --          --        57.17         583        57.17         583 
                  SUB-TOTAL                                              --                    2,226                    2,226 

      290     1. Single Family Residential   DU           64.00         634        64.00         634         0.00           0 
              2. Condo/Townhome/Apartment    DU           93.00         744        93.00         744         0.00           0 
                  SUB-TOTAL                                           1,378                    1,378                        0 

      291     1. Single Family Residential   DU              --          --        74.00         733        74.00         733 
              3. Commercial Square Footage   TSF           8.60          88       181.63       1,853       173.03       1,765 
                  SUB-TOTAL                                              88                    2,586                    2,498 

      292     1. Single Family Residential   DU          161.00       1,594       161.00       1,594         0.00           0 
                  SUB-TOTAL                                           1,594                    1,594                        0 

      293     1. Single Family Residential   DU          133.00       1,317       133.00       1,317         0.00           0 
              2. Condo/Townhome/Apartment    DU          368.00       2,944       368.00       2,944         0.00           0 
                  SUB-TOTAL                                           4,261                    4,261                        0 

      294     2. Condo/Townhome/Apartment    DU              --          --       180.00       1,242       180.00       1,242 
              3. Commercial Square Footage   TSF         628.57      10,983       923.98      24,508       295.41      13,525 
              4. Other                       --                          --           --          99           --          99 
                  SUB-TOTAL                                          10,983                   25,849                   14,866 

      295     3. Commercial Square Footage   TSF         372.45       1,899     1,076.58       5,852       704.13       3,953 
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      295     4. Other                       --              --          56           --          56           --           0 
                  SUB-TOTAL                                           1,955                    5,908                    3,953 

      298     2. Condo/Townhome/Apartment    DU          830.00       5,727       830.00       5,727         0.00           0 
                  SUB-TOTAL                                           5,727                    5,727                        0 

      299     3. Commercial Square Footage   TSF         184.00       9,947       184.00       9,947         0.00           0 
                  SUB-TOTAL                                           9,947                    9,947                        0 

      300     3. Commercial Square Footage   TSF         272.00      10,896       272.00      10,896         0.00           0 
                  SUB-TOTAL                                          10,896                   10,896                        0 

      301     3. Commercial Square Footage   TSF         115.74       4,319       115.74       4,319         0.00           0 
              4. Other                       --              --       5,410           --       5,410           --           0 
                  SUB-TOTAL                                           9,729                    9,729                        0 

      302     3. Commercial Square Footage   TSF         415.42      16,563       445.42      19,115        30.00       2,552 
                  SUB-TOTAL                                          16,563                   19,115                    2,552 

      303     3. Commercial Square Footage   TSF         150.00       5,625       150.00       5,625         0.00           0 
                  SUB-TOTAL                                           5,625                    5,625                        0 

      304     3. Commercial Square Footage   TSF         131.00       6,852       131.00       6,852         0.00           0 
                  SUB-TOTAL                                           6,852                    6,852                        0 

      305     3. Commercial Square Footage   TSF         202.65      11,364       302.65      11,874       100.00         510 
                  SUB-TOTAL                                          11,364                   11,874                      510 

      306     3. Commercial Square Footage   TSF          80.50       4,352       143.90       7,779        63.40       3,427 
              4. Other                       --              --         336           --         336           --           0 
                  SUB-TOTAL                                           4,688                    8,115                    3,427 

      307     3. Commercial Square Footage   TSF         132.80       9,301       132.80       9,301         0.00           0 
                  SUB-TOTAL                                           9,301                    9,301                        0 

      308     2. Condo/Townhome/Apartment    DU          245.00       1,691       245.00       1,691         0.00           0 
              3. Commercial Square Footage   TSF         209.91      15,749       209.91      15,749         0.00           0 
                  SUB-TOTAL                                          17,440                   17,440                        0 

      309     3. Commercial Square Footage   TSF           3.00         111         3.00         111         0.00           0 
                  SUB-TOTAL                                             111                      111                        0 

      310     3. Commercial Square Footage   TSF             --          --       111.00       4,163       111.00       4,163 
              4. Other                       --              --          45           --          45           --           0 
                  SUB-TOTAL                                              45                    4,208                    4,163 

      311     1. Single Family Residential   DU          132.00       1,307       132.00       1,307         0.00           0 
              2. Condo/Townhome/Apartment    DU           63.00         504        63.00         504         0.00           0 
                  SUB-TOTAL                                           1,811                    1,811                        0 
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      312     3. Commercial Square Footage   TSF         248.40       9,087       264.00       9,931        15.60         844 
                  SUB-TOTAL                                           9,087                    9,931                      844 

      313     2. Condo/Townhome/Apartment    DU          264.00       2,112       264.00       2,112         0.00           0 
                  SUB-TOTAL                                           2,112                    2,112                        0 

      314     3. Commercial Square Footage   TSF         178.00       9,623       178.00       9,623         0.00           0 
                  SUB-TOTAL                                           9,623                    9,623                        0 

      315     2. Condo/Townhome/Apartment    DU          582.00       4,656       582.00       4,656         0.00           0 
                  SUB-TOTAL                                           4,656                    4,656                        0 

      316     1. Single Family Residential   DU          121.00       1,198       121.00       1,198         0.00           0 
                  SUB-TOTAL                                           1,198                    1,198                        0 

      317     4. Other                       --              --       1,387           --       1,387           --           0 
                  SUB-TOTAL                                           1,387                    1,387                        0 

      318     1. Single Family Residential   DU           21.00         208        21.00         208         0.00           0 
              2. Condo/Townhome/Apartment    DU          252.00       2,016       252.00       2,016         0.00           0 
                  SUB-TOTAL                                           2,224                    2,224                        0 

      319     3. Commercial Square Footage   TSF             --          --       130.00       7,028       130.00       7,028 
              4. Other                       --                          --           --         279           --         279 
                  SUB-TOTAL                                              --                    7,307                    7,307 

      320     1. Single Family Residential   DU          125.00       1,238       125.00       1,238         0.00           0 
                  SUB-TOTAL                                           1,238                    1,238                        0 

      321     1. Single Family Residential   DU          155.00       1,535       155.00       1,535         0.00           0 
              2. Condo/Townhome/Apartment    DU           66.00         528        66.00         528         0.00           0 
                  SUB-TOTAL                                           2,063                    2,063                        0 

      322     1. Single Family Residential   DU           87.00         861        87.00         861         0.00           0 
                  SUB-TOTAL                                             861                      861                        0 

      323     1. Single Family Residential   DU          161.00       1,594       161.00       1,594         0.00           0 
              2. Condo/Townhome/Apartment    DU          132.00       1,056       132.00       1,056         0.00           0 
                  SUB-TOTAL                                           2,650                    2,650                        0 

      325     1. Single Family Residential   DU              --          --       205.00       2,029       205.00       2,029 
                  SUB-TOTAL                                              --                    2,029                    2,029 

      326     1. Single Family Residential   DU          101.00       1,000       101.00       1,000         0.00           0 
                  SUB-TOTAL                                           1,000                    1,000                        0 

      327     1. Single Family Residential   DU          105.00       1,040       105.00       1,040         0.00           0 
                  SUB-TOTAL                                           1,040                    1,040                        0 

      328     1. Single Family Residential   DU          110.00       1,089       110.00       1,089         0.00           0 
                  SUB-TOTAL                                           1,089                    1,089                        0 
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      329     1. Single Family Residential   DU           50.00         495        50.00         495         0.00           0 
              4. Other                       --              --       1,340           --       1,340           --           0 
                  SUB-TOTAL                                           1,835                    1,835                        0 

      330     1. Single Family Residential   DU          143.00       1,416       143.00       1,416         0.00           0 
                  SUB-TOTAL                                           1,416                    1,416                        0 

      331     1. Single Family Residential   DU          167.00       1,653       167.00       1,653         0.00           0 
                  SUB-TOTAL                                           1,653                    1,653                        0 

      332     1. Single Family Residential   DU          114.00       1,129       114.00       1,129         0.00           0 
              2. Condo/Townhome/Apartment    DU          102.00         816       102.00         816         0.00           0 
                  SUB-TOTAL                                           1,945                    1,945                        0 

      333     1. Single Family Residential   DU          803.00       7,950       803.00       7,950         0.00           0 
              2. Condo/Townhome/Apartment    DU          360.00       2,880       360.00       2,880         0.00           0 
              3. Commercial Square Footage   TSF          25.05         928        25.05         928         0.00           0 
              4. Other                       --              --       1,340           --       1,340           --           0 
                  SUB-TOTAL                                          13,098                   13,098                        0 

      334     1. Single Family Residential   DU          164.00       1,624       164.00       1,624         0.00           0 
                  SUB-TOTAL                                           1,624                    1,624                        0 

      335     1. Single Family Residential   DU          194.00       1,921       194.00       1,921         0.00           0 
                  SUB-TOTAL                                           1,921                    1,921                        0 

      336     1. Single Family Residential   DU          589.00       5,831       589.00       5,831         0.00           0 
              4. Other                       --              --       1,359           --       1,359           --           0 
                  SUB-TOTAL                                           7,190                    7,190                        0 

      337     1. Single Family Residential   DU          390.00       3,861       390.00       3,861         0.00           0 
                  SUB-TOTAL                                           3,861                    3,861                        0 

      338     3. Commercial Square Footage   TSF          92.00       4,974        92.00       4,974         0.00           0 
                  SUB-TOTAL                                           4,974                    4,974                        0 

      339     1. Single Family Residential   DU          289.00       2,861       289.00       2,861         0.00           0 
              4. Other                       --              --       1,358           --       1,358           --           0 
                  SUB-TOTAL                                           4,219                    4,219                        0 

      340     1. Single Family Residential   DU          394.00       3,901       394.00       3,901         0.00           0 
              2. Condo/Townhome/Apartment    DU          264.00       2,112       264.00       2,112         0.00           0 
                  SUB-TOTAL                                           6,013                    6,013                        0 

      341     2. Condo/Townhome/Apartment    DU          325.00       2,243       325.00       2,243         0.00           0 
              4. Other                       --              --       1,175           --       1,175           --           0 
                  SUB-TOTAL                                           3,418                    3,418                        0 

      342     2. Condo/Townhome/Apartment    DU          168.00       1,344       168.00       1,344         0.00           0 
                  SUB-TOTAL                                           1,344                    1,344                        0 
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      343     1. Single Family Residential   DU          179.00       1,772       179.00       1,772         0.00           0 
              2. Condo/Townhome/Apartment    DU          132.00       1,056       132.00       1,056         0.00           0 
                  SUB-TOTAL                                           2,828                    2,828                        0 

      344     1. Single Family Residential   DU          415.00       4,109       415.00       4,109         0.00           0 
              3. Commercial Square Footage   TSF             --          --        40.00       2,162        40.00       2,162 
                  SUB-TOTAL                                           4,109                    6,271                    2,162 

      345     1. Single Family Residential   DU           23.00         228        23.00         228         0.00           0 
                  SUB-TOTAL                                             228                      228                        0 

      347     1. Single Family Residential   DU          313.00       3,099       313.00       3,099         0.00           0 
                  SUB-TOTAL                                           3,099                    3,099                        0 

      348     1. Single Family Residential   DU          517.00       5,118       517.00       5,118         0.00           0 
                  SUB-TOTAL                                           5,118                    5,118                        0 

      349     2. Condo/Townhome/Apartment    DU           83.00         664        83.00         664         0.00           0 
              3. Commercial Square Footage   TSF           8.00         680         8.00         680         0.00           0 
              4. Other                       --              --         226           --         226           --           0 
                  SUB-TOTAL                                           1,570                    1,570                        0 

      350     4. Other                       --              --       1,010           --       1,010           --           0 
                  SUB-TOTAL                                           1,010                    1,010                        0 

      352     1. Single Family Residential   DU          440.00       4,356       592.00       5,861       152.00       1,505 
                  SUB-TOTAL                                           4,356                    5,861                    1,505 

      353     1. Single Family Residential   DU          259.00       2,564       259.00       2,564         0.00           0 
                  SUB-TOTAL                                           2,564                    2,564                        0 

      355     1. Single Family Residential   DU              --          --       500.00       4,950       500.00       4,950 
              4. Other                       --                          --           --       1,101           --       1,101 
                  SUB-TOTAL                                              --                    6,051                    6,051 

      356     1. Single Family Residential   DU          385.00       3,811       385.00       3,811         0.00           0 
                  SUB-TOTAL                                           3,811                    3,811                        0 

      357     1. Single Family Residential   DU              --          --        90.00         891        90.00         891 
                  SUB-TOTAL                                              --                      891                      891 

      358     1. Single Family Residential   DU          105.00       1,040       421.00       4,168       316.00       3,128 
              2. Condo/Townhome/Apartment    DU          140.00       1,120       255.00       2,040       115.00         920 
              4. Other                       --              --         970           --         993           --          23 
                  SUB-TOTAL                                           3,130                    7,201                    4,071 

      359     1. Single Family Residential   DU          570.00       5,643       570.00       5,643         0.00           0 
              2. Condo/Townhome/Apartment    DU          192.00       1,536       192.00       1,536         0.00           0 
                  SUB-TOTAL                                           7,179                    7,179                        0 
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      360     1. Single Family Residential   DU          538.00       5,326       538.00       5,326         0.00           0 
              2. Condo/Townhome/Apartment    DU          248.00       1,984       248.00       1,984         0.00           0 
              3. Commercial Square Footage   TSF         119.00      10,122       119.00      10,122         0.00           0 
              4. Other                       --              --         938           --         938           --           0 
                  SUB-TOTAL                                          18,370                   18,370                        0 

      361     1. Single Family Residential   DU          188.00       1,861       250.00       2,475        62.00         614 
                  SUB-TOTAL                                           1,861                    2,475                      614 

      362     1. Single Family Residential   DU          173.00       1,713       173.00       1,713         0.00           0 
              3. Commercial Square Footage   TSF             --          --        68.28       3,691        68.28       3,691 
                  SUB-TOTAL                                           1,713                    5,404                    3,691 

      363     1. Single Family Residential   DU            6.00          59        44.00         436        38.00         377 
                  SUB-TOTAL                                              59                      436                      377 

      364     1. Single Family Residential   DU          199.00       1,970       199.00       1,970         0.00           0 
                  SUB-TOTAL                                           1,970                    1,970                        0 

      365     1. Single Family Residential   DU          201.00       1,990       201.00       1,990         0.00           0 
              2. Condo/Townhome/Apartment    DU          102.00         816       102.00         816         0.00           0 
              3. Commercial Square Footage   TSF          40.28       3,426        40.28       3,426         0.00           0 
                  SUB-TOTAL                                           6,232                    6,232                        0 

      366     1. Single Family Residential   DU          600.00       5,940       600.00       5,940         0.00           0 
                  SUB-TOTAL                                           5,940                    5,940                        0 

      367     1. Single Family Residential   DU          437.00       4,326       437.00       4,326         0.00           0 
                  SUB-TOTAL                                           4,326                    4,326                        0 

      368     1. Single Family Residential   DU        1,070.00      10,593     1,070.00      10,593         0.00           0 
              4. Other                       --              --       1,174           --       1,500           --         326 
                  SUB-TOTAL                                          11,767                   12,093                      326 

      369     1. Single Family Residential   DU          202.00       2,000       202.00       2,000         0.00           0 
                  SUB-TOTAL                                           2,000                    2,000                        0 

      370     1. Single Family Residential   DU        1,080.00      10,692     1,080.00      10,692         0.00           0 
              4. Other                       --              --       5,012           --       5,012           --           0 
                  SUB-TOTAL                                          15,704                   15,704                        0 

      371     1. Single Family Residential   DU          673.00       6,663       673.00       6,663         0.00           0 
              4. Other                       --              --         996           --         996           --           0 
                  SUB-TOTAL                                           7,659                    7,659                        0 

      372     1. Single Family Residential   DU          287.00       2,841       287.00       2,841         0.00           0 
              2. Condo/Townhome/Apartment    DU          230.00       1,840       230.00       1,840         0.00           0 
              3. Commercial Square Footage   TSF         153.55       8,301       153.55       8,301         0.00           0 
                  SUB-TOTAL                                          12,982                   12,982                        0 
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      373     1. Single Family Residential   DU          236.00       2,336       236.00       2,336         0.00           0 
              4. Other                       --              --         889           --         889           --           0 
                  SUB-TOTAL                                           3,225                    3,225                        0 

      374     2. Condo/Townhome/Apartment    DU              --          --       304.00       2,098       304.00       2,098 
              3. Commercial Square Footage   TSF         150.00       8,109       150.00       8,109         0.00           0 
                  SUB-TOTAL                                           8,109                   10,207                    2,098 

      375     3. Commercial Square Footage   TSF           5.00       2,481        45.00       5,883        40.00       3,402 
                  SUB-TOTAL                                           2,481                    5,883                    3,402 

      376     1. Single Family Residential   DU              --          --       205.00       2,029       205.00       2,029 
              4. Other                       --                          --           --          13           --          13 
                  SUB-TOTAL                                              --                    2,042                    2,042 

      377     3. Commercial Square Footage   TSF          57.50       2,131        57.50       2,131         0.00           0 
                  SUB-TOTAL                                           2,131                    2,131                        0 

      378     1. Single Family Residential   DU          332.00       2,291       332.00       2,291         0.00           0 
              2. Condo/Townhome/Apartment    DU              --          --       437.00       3,496       437.00       3,496 
              3. Commercial Square Footage   TSF          97.00       2,090       217.00       3,733       120.00       1,643 
                  SUB-TOTAL                                           4,381                    9,520                    5,139 

      379     1. Single Family Residential   DU              --          --       214.00       2,119       214.00       2,119 
                  SUB-TOTAL                                              --                    2,119                    2,119 

      380     2. Condo/Townhome/Apartment    DU              --          --       400.00       2,760       400.00       2,760 
                  SUB-TOTAL                                              --                    2,760                    2,760 

      381     4. Other                       --              --         130           --         130           --           0 
                  SUB-TOTAL                                             130                      130                        0 

      382     3. Commercial Square Footage   TSF          21.00          50        21.00          50         0.00           0 
              4. Other                       --              --         130           --         130           --           0 
                  SUB-TOTAL                                             180                      180                        0 

      383     1. Single Family Residential   DU          231.00       2,287       266.00       2,633        35.00         346 
              3. Commercial Square Footage   TSF           8.71         323         8.71         323         0.00           0 
                  SUB-TOTAL                                           2,610                    2,956                      346 

      384     1. Single Family Residential   DU          354.00       3,505       354.00       3,505         0.00           0 
              3. Commercial Square Footage   TSF          23.07       1,962        23.07       1,962         0.00           0 
                  SUB-TOTAL                                           5,467                    5,467                        0 

      385     1. Single Family Residential   DU              --          --        75.00         743        75.00         743 
                  SUB-TOTAL                                              --                      743                      743 

      386     1. Single Family Residential   DU          162.00       1,604       162.00       1,604         0.00           0 
                  SUB-TOTAL                                           1,604                    1,604                        0 
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      387     1. Single Family Residential   DU          142.00       1,406     1,070.00      10,593       928.00       9,187 
              2. Condo/Townhome/Apartment    DU          180.00       1,440       954.00       7,632       774.00       6,192 
                  SUB-TOTAL                                           2,846                   18,225                   15,379 

      388     1. Single Family Residential   DU              --          --       312.00       3,089       312.00       3,089 
              2. Condo/Townhome/Apartment    DU              --          --       187.00       1,496       187.00       1,496 
              4. Other                       --                          --           --       2,320           --       2,320 
                  SUB-TOTAL                                              --                    6,905                    6,905 

      389     1. Single Family Residential   DU        1,187.00      11,751     1,187.00      11,751         0.00           0 
              4. Other                       --              --         766           --         766           --           0 
                  SUB-TOTAL                                          12,517                   12,517                        0 

      390     1. Single Family Residential   DU          150.00       1,485       150.00       1,485         0.00           0 
                  SUB-TOTAL                                           1,485                    1,485                        0 

      391     3. Commercial Square Footage   TSF         392.69       2,524       462.69       2,944        70.00         420 
                  SUB-TOTAL                                           2,524                    2,944                      420 

      392     1. Single Family Residential   DU          723.00       5,958       723.00       5,958         0.00           0 
              3. Commercial Square Footage   TSF          20.80         771       102.48       5,187        81.68       4,416 
              4. Other                       --              --       1,450           --       1,450           --           0 
                  SUB-TOTAL                                           8,179                   12,595                    4,416 

      393     1. Single Family Residential   DU          162.00       1,604       162.00       1,604         0.00           0 
              2. Condo/Townhome/Apartment    DU          100.00         800       100.00         800         0.00           0 
              3. Commercial Square Footage   TSF          52.27       4,446        52.27       4,446         0.00           0 
              4. Other                       --              --         350           --         350           --           0 
                  SUB-TOTAL                                           7,200                    7,200                        0 

      394     1. Single Family Residential   DU          325.00       3,217       325.00       3,217         0.00           0 
              4. Other                       --              --       7,317           --       7,317           --           0 
                  SUB-TOTAL                                          10,534                   10,534                        0 

      395     1. Single Family Residential   DU          185.00       1,831       185.00       1,831         0.00           0 
              3. Commercial Square Footage   TSF         165.53       8,949       165.53       8,949         0.00           0 
              4. Other                       --              --       2,182           --       2,182           --           0 
                  SUB-TOTAL                                          12,962                   12,962                        0 

      396     3. Commercial Square Footage   TSF          76.23       6,484        76.23       6,484         0.00           0 
                  SUB-TOTAL                                           6,484                    6,484                        0 

      397     1. Single Family Residential   DU          220.00       1,665       220.00       1,665         0.00           0 
              2. Condo/Townhome/Apartment    DU          579.00       4,558       579.00       4,558         0.00           0 
              3. Commercial Square Footage   TSF         310.98      16,812       384.98      23,106        74.00       6,294 
                  SUB-TOTAL                                          23,035                   29,329                    6,294 

      398     1. Single Family Residential   DU        1,120.00      11,088     1,120.00      11,088         0.00           0 
              2. Condo/Townhome/Apartment    DU          120.00         960       120.00         960         0.00           0 
              3. Commercial Square Footage   TSF         261.13      22,465       261.13      22,465         0.00           0 
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      398     4. Other                       --              --       2,634           --       2,634           --           0 
                  SUB-TOTAL                                          37,147                   37,147                        0 

      399     1. Single Family Residential   DU          859.00       8,504       859.00       8,504         0.00           0 
              4. Other                       --              --         790           --         790           --           0 
                  SUB-TOTAL                                           9,294                    9,294                        0 

      400     1. Single Family Residential   DU              --          --        12.00         119        12.00         119 
                  SUB-TOTAL                                              --                      119                      119 

      401     1. Single Family Residential   DU              --          --       835.00       8,267       835.00       8,267 
              2. Condo/Townhome/Apartment    DU              --          --       482.00       3,856       482.00       3,856 
                  SUB-TOTAL                                              --                   12,123                   12,123 

      402     1. Single Family Residential   DU          300.00       2,970     1,129.00      11,177       829.00       8,207 
              3. Commercial Square Footage   TSF             --          --       150.00       8,109       150.00       8,109 
              4. Other                       --              --         951           --         951           --           0 
                  SUB-TOTAL                                           3,921                   20,237                   16,316 

      403     1. Single Family Residential   DU          111.00       1,099       111.00       1,099         0.00           0 
              3. Commercial Square Footage   TSF          12.00       1,021        46.00       3,913        34.00       2,892 
                  SUB-TOTAL                                           2,120                    5,012                    2,892 

      404     1. Single Family Residential   DU           10.00          99       177.00       1,752       167.00       1,653 
                  SUB-TOTAL                                              99                    1,752                    1,653 

      405     1. Single Family Residential   DU           24.00         238       296.00       2,930       272.00       2,692 
                  SUB-TOTAL                                             238                    2,930                    2,692 

      406     1. Single Family Residential   DU           38.00         376       353.00       3,495       315.00       3,119 
                  SUB-TOTAL                                             376                    3,495                    3,119 

      407     1. Single Family Residential   DU              --          --        47.00         465        47.00         465 
                  SUB-TOTAL                                              --                      465                      465 

      408     1. Single Family Residential   DU           47.00         465       648.00       6,415       601.00       5,950 
                  SUB-TOTAL                                             465                    6,415                    5,950 

      409     1. Single Family Residential   DU              --          --       154.00       1,525       154.00       1,525 
                  SUB-TOTAL                                              --                    1,525                    1,525 

      410     1. Single Family Residential   DU           25.00         247       349.00       3,152       324.00       2,905 
              3. Commercial Square Footage   TSF             --          --        44.00         264        44.00         264 
                  SUB-TOTAL                                             247                    3,416                    3,169 

      411     1. Single Family Residential   DU              --          --       675.00       6,682       675.00       6,682 
              4. Other                       --                          --           --       1,160           --       1,160 
                  SUB-TOTAL                                              --                    7,842                    7,842 

      412     1. Single Family Residential   DU          120.00       1,188       120.00       1,188         0.00           0 
                  SUB-TOTAL                                           1,188                    1,188                        0 
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      413     1. Single Family Residential   DU           29.00         287       106.00       1,049        77.00         762 
              2. Condo/Townhome/Apartment    DU          246.00       1,968       614.00       4,912       368.00       2,944 
              3. Commercial Square Footage   TSF         108.74       2,946       174.94       4,739        66.20       1,793 
                  SUB-TOTAL                                           5,201                   10,700                    5,499 

      414     1. Single Family Residential   DU          265.00       1,874       290.00       2,121        25.00         247 
              2. Condo/Townhome/Apartment    DU        1,358.00      10,864     1,358.00      10,864         0.00           0 
              3. Commercial Square Footage   TSF          95.83       3,551       220.83       4,996       125.00       1,445 
                  SUB-TOTAL                                          16,289                   17,981                    1,692 

      415     1. Single Family Residential   DU          206.00       2,039       211.00       2,089         5.00          50 
              3. Commercial Square Footage   TSF          27.80         142       216.96       4,339       189.16       4,197 
              4. Other                       --                          --           --      12,320           --      12,320 
                  SUB-TOTAL                                           2,181                   18,748                   16,567 

      416     1. Single Family Residential   DU          579.00       5,732       579.00       5,732         0.00           0 
              2. Condo/Townhome/Apartment    DU          148.00       1,184       148.00       1,184         0.00           0 
              3. Commercial Square Footage   TSF          15.00         556        15.00         556         0.00           0 
              4. Other                       --              --          39           --          39           --           0 
                  SUB-TOTAL                                           7,511                    7,511                        0 

      417     1. Single Family Residential   DU          579.00       5,732       579.00       5,732         0.00           0 
              2. Condo/Townhome/Apartment    DU          149.00       1,192       149.00       1,192         0.00           0 
              4. Other                       --              --       1,102           --       1,102           --           0 
                  SUB-TOTAL                                           8,026                    8,026                        0 

      418     1. Single Family Residential   DU           90.00         621        90.00         621         0.00           0 
              2. Condo/Townhome/Apartment    DU          706.00       5,393       706.00       5,393         0.00           0 
              3. Commercial Square Footage   TSF         128.43       6,943       128.43       6,943         0.00           0 
                  SUB-TOTAL                                          12,957                   12,957                        0 

      419     1. Single Family Residential   DU              --          --     1,018.00      10,078     1,018.00      10,078 
              2. Condo/Townhome/Apartment    DU        1,834.00      14,672     1,834.00      14,672         0.00           0 
                  SUB-TOTAL                                          14,672                   24,750                   10,078 

      420     2. Condo/Townhome/Apartment    DU           40.00         320        40.00         320         0.00           0 
                  SUB-TOTAL                                             320                      320                        0 

      421     1. Single Family Residential   DU              --          --       100.00         990       100.00         990 
              2. Condo/Townhome/Apartment    DU          752.00       6,016     1,952.00      13,900     1,200.00       7,884 
              3. Commercial Square Footage   TSF             --          --       200.00       6,562       200.00       6,562 
              4. Other                       --                          --           --       1,659           --       1,659 
                  SUB-TOTAL                                           6,016                   23,111                   17,095 

      422     1. Single Family Residential   DU           74.00         733        76.00         752         2.00          19 
              2. Condo/Townhome/Apartment    DU           80.00         640        80.00         640         0.00           0 
              3. Commercial Square Footage   TSF           4.00         340       136.00       7,476       132.00       7,136 
              4. Other                       --              --       1,185           --       1,185           --           0 
                  SUB-TOTAL                                           2,898                   10,053                    7,155 
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      423     1. Single Family Residential   DU          353.00       3,495       374.00       3,703        21.00         208 
              3. Commercial Square Footage   TSF         108.90       8,463       108.90       8,463         0.00           0 
                  SUB-TOTAL                                          11,958                   12,166                      208 

      424     1. Single Family Residential   DU            2.00          20       189.00       1,871       187.00       1,851 
              2. Condo/Townhome/Apartment    DU           84.00         672       194.00       1,552       110.00         880 
                  SUB-TOTAL                                             692                    3,423                    2,731 

      425     1. Single Family Residential   DU           39.00         386       241.00       2,386       202.00       2,000 
              2. Condo/Townhome/Apartment    DU              --          --        80.00         640        80.00         640 
              4. Other                       --                          --           --          81           --          81 
                  SUB-TOTAL                                             386                    3,107                    2,721 

      426     1. Single Family Residential   DU          100.00         990       630.00       6,237       530.00       5,247 
              3. Commercial Square Footage   TSF          39.60         202        39.60         202         0.00           0 
                  SUB-TOTAL                                           1,192                    6,439                    5,247 

      427     1. Single Family Residential   DU          249.00       2,465       249.00       2,465         0.00           0 
                  SUB-TOTAL                                           2,465                    2,465                        0 

      428     1. Single Family Residential   DU          540.00       5,346     2,124.00      21,028     1,584.00      15,682 
              3. Commercial Square Footage   TSF             --          --        86.60       5,896        86.60       5,896 
                  SUB-TOTAL                                           5,346                   26,924                   21,578 

      429     1. Single Family Residential   DU           42.00         416        55.00         545        13.00         129 
                  SUB-TOTAL                                             416                      545                      129 

      430     1. Single Family Residential   DU            2.00          20         2.00          20         0.00           0 
                  SUB-TOTAL                                              20                       20                        0 

      431     1. Single Family Residential   DU            3.00          30         3.00          30         0.00           0 
                  SUB-TOTAL                                              30                       30                        0 

      433     1. Single Family Residential   DU            8.00          79        55.00         545        47.00         466 
                  SUB-TOTAL                                              79                      545                      466 

      434     1. Single Family Residential   DU           25.00         247        25.00         247         0.00           0 
                  SUB-TOTAL                                             247                      247                        0 

      437     1. Single Family Residential   DU            6.00          59       250.00       2,475       244.00       2,416 
              2. Condo/Townhome/Apartment    DU              --          --        13.00         104        13.00         104 
              4. Other                       --                          --           --       1,284           --       1,284 
                  SUB-TOTAL                                              59                    3,863                    3,804 

      438     1. Single Family Residential   DU              --          --       568.00       5,623       568.00       5,623 
              2. Condo/Townhome/Apartment    DU              --          --        13.00         104        13.00         104 
                  SUB-TOTAL                                              --                    5,727                    5,727 

      439     1. Single Family Residential   DU          824.00       8,158       830.00       8,217         6.00          59 
              3. Commercial Square Footage   TSF             --          --        41.65       2,252        41.65       2,252 
                  SUB-TOTAL                                           8,158                   10,469                    2,311 
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                                               LAND USE AND TRIP GENERATION COMPARISON

                                                         ------ 2004 ------       ------- LRC ------       --- Difference ---
      Zone        Land Use Category         Units        Amount         ADT       Amount         ADT       Amount         ADT
    ---------------------------------------------------------------------------------------------------------------------------
      440     1. Single Family Residential   DU              --          --       568.00       5,623       568.00       5,623 
                  SUB-TOTAL                                              --                    5,623                    5,623 

      441     1. Single Family Residential   DU          150.00       1,485       284.00       2,812       134.00       1,327 
              4. Other                       --              --         522           --         522           --           0 
                  SUB-TOTAL                                           2,007                    3,334                    1,327 

      442     1. Single Family Residential   DU          288.00       2,851       552.00       5,464       264.00       2,613 
                  SUB-TOTAL                                           2,851                    5,464                    2,613 

      443     1. Single Family Residential   DU          499.00       4,940       763.00       7,554       264.00       2,614 
              3. Commercial Square Footage   TSF         108.90       1,259       108.90       1,259         0.00           0 
              4. Other                       --              --       1,932           --       1,932           --           0 
                  SUB-TOTAL                                           8,131                   10,745                    2,614 

      444     1. Single Family Residential   DU          775.00       7,672       882.00       8,732       107.00       1,060 
              2. Condo/Townhome/Apartment    DU           19.00         152        19.00         152         0.00           0 
              3. Commercial Square Footage   TSF             --          --       110.00       5,947       110.00       5,947 
              4. Other                       --              --          37           --          37           --           0 
                  SUB-TOTAL                                           7,861                   14,868                    7,007 

      445     1. Single Family Residential   DU           29.00         287        41.00         406        12.00         119 
                  SUB-TOTAL                                             287                      406                      119 

      446     1. Single Family Residential   DU          231.00       2,287       231.00       2,287         0.00           0 
                  SUB-TOTAL                                           2,287                    2,287                        0 

      447     4. Other                       --              --       1,194           --       1,194           --           0 
                  SUB-TOTAL                                           1,194                    1,194                        0 

      448     1. Single Family Residential   DU          395.00       3,910       691.00       6,841       296.00       2,931 
                  SUB-TOTAL                                           3,910                    6,841                    2,931 

      449     1. Single Family Residential   DU           20.00         198        20.00         198         0.00           0 
                  SUB-TOTAL                                             198                      198                        0 

      450     1. Single Family Residential   DU              --          --        27.00         267        27.00         267 
                  SUB-TOTAL                                              --                      267                      267 

      451     1. Single Family Residential   DU           40.00         396        67.00         663        27.00         267 
              3. Commercial Square Footage   TSF             --          --        47.00         282        47.00         282 
                  SUB-TOTAL                                             396                      945                      549 

      452     1. Single Family Residential   DU            6.00          59        38.00         376        32.00         317 
                  SUB-TOTAL                                              59                      376                      317 

      453     1. Single Family Residential   DU          172.00       1,703       225.00       2,228        53.00         525 
              3. Commercial Square Footage   TSF             --          --        16.00         641        16.00         641 
              4. Other                       --              --         711           --         711           --           0 
                  SUB-TOTAL                                           2,414                    3,580                    1,166 
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                                               LAND USE AND TRIP GENERATION COMPARISON

                                                         ------ 2004 ------       ------- LRC ------       --- Difference ---
      Zone        Land Use Category         Units        Amount         ADT       Amount         ADT       Amount         ADT
    ---------------------------------------------------------------------------------------------------------------------------
      454     1. Single Family Residential   DU          116.00       1,148       125.00       1,238         9.00          90 
              3. Commercial Square Footage   TSF           6.14         228        40.28       2,074        34.14       1,846 
              4. Other                       --              --       3,779           --       5,482           --       1,703 
                  SUB-TOTAL                                           5,155                    8,794                    3,639 

      455     1. Single Family Residential   DU           80.00         792        80.00         792         0.00           0 
                  SUB-TOTAL                                             792                      792                        0 

     TOTAL    1. Single Family Residential   DU       51,307.00     500,554    87,869.00     862,222    36,562.00     361,668 
              2. Condo/Townhome/Apartment    DU       25,627.00     202,697    62,339.00     481,378    36,712.00     278,681 
              3. Commercial Square Footage   TSF      31,764.70     695,559    80,390.53   1,615,521    48,625.83     919,962 
              4. Other                       --              --     171,224           --     264,815           --      93,591 
                  TOTAL                                           1,570,034                3,223,936                1,653,902 

�
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APPENDIX B 

TRAFFIC SHARE CALCULATIONS 

 
Table B-1:  Landmark Village I-5 Share Summary 
Location Project Trips Other Future Trips Existing Trips Total Future Trips 
1. I-5 s/o Parker         
PM Peak Hour Trips 97 8,127 6,086 14,310 
Share 1.2% 98.8%     
2. I-5 s/o Hasley Canyon         
PM Peak Hour Trips 105 9,447 6,978 16,530 
Share 1.1% 98.9%     
3. I-5 s/o SR-126         
PM Peak Hour Trips 302 8,271 7,777 16,350 
Share 3.5% 96.5%     
4. I-5 s/o Rye Canyon         
PM Peak Hour Trips 311 9,591 8,258 18,160 
Share 3.1% 96.9%     
5. I-5 s/o Magic Mountain         
PM Peak Hour Trips 219 8,494 9,987 18,700 
Share 2.5% 97.5%     
6. I-5 s/o Valencia         
PM Peak Hour Trips 202 9,511 10,657 20,370 
Share 2.1% 97.9%     
7. I-5 s/o McBean         
PM Peak Hour Trips 150 7,963 11,327 19,440 
Share 1.9% 98.1%     
8. I-5 s/o Pico/Lyons         
PM Peak Hour Trips 126 7,387 11,347 18,860 
Share 1.7% 98.3%     
9. I-5 s/o Calgrove         
PM Peak Hour Trips 115 7,307 11,068 18,490 
Share 1.6% 98.4%     
Total         
PM Peak Hour Trips 1,627 76,098 83,485 161,210 
Average Share 2.1% 97.9%   
Source: SCVCTM 4.1.a Long-Range Cumulative Constrained Flow Model (Cumulative Development Nexus Share 
Summary) 
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COUNTY OF LOS ANGELES
DEPARTMENT OF PUBLIC WORKS

'To Enrich Lives Through Effective and Caring Service"

DONALD L. WOLFE, Director

900 SOUTH FREMONT AVENU
ALHABRA, CALIFORNA 91803-1331

Telephone: (626) 458-5100
htt:// dpw .Iacoun ty.gov ADDRESS ALL CORRSPONDENCE TO:

P.O. BOX 1460
ALHABRA, CALIFORNA 91802-1460

IN REPLY PLEASE

REFER TO FILE: T -4

September 5, 2007

Mr. Daryl Zerfass
Austin-Foust Associates, Inc.
2223 Wellington Avenue, Suite 300
Santa Ana, CA 92701-3161

Dear Mr. Zerfass:

LANDMARK VILLAGE (RIVER VILLAGE, NEWHALL RANCH SPECIFIC PLAN)
PHASE I ACCESS AND SCHOOL ACCESS MEMO (JUNE 29, 2007)
EXHIBIT MAP (LOTS 337, 344, AND 345) (MAY 29,2007)
PHASING EXHIBIT (MAY 7,2007)
TENTATIVE TRACT NO. 53108
CASTAIC JUNCTION AREA

As requested, we have reviewed the above-mentioned documents. This letter
addresses the Landmark Village initial (i.e., Phase I) project access and the revised
school driveway locations.

According to your letter dated June 29, 2007, the revised construction phasing schedule
will result in the Phase I occupancies occurring before the second access point is
constructed at the intersection of Chiquito Canyon Road and Long Canyon Road
(Future) at Henry Mayo Drive (SR-126). The letter also states up to 40,000 square feet
of neighborhood commercial will be included to serve the initial residents and requests a
reduction of 2.5 dwelling units for each 1,000 square feet of neighborhood commerciaL.
The letter also requests some of the Phase I and Phase II requirements in our letter
dated December 9, 2004, be revised to reflect these changes; therefore, our
December 9, 2004, comments are stil valid and applicable to this project with the
following revisions.

Page three, deletes the following from Phase i.

?)~
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Mr. Darly Zerfass
September 5, 2007
Page 2

School Middle Driveway/~ J Street at A Street (TT 53108)

The project shall be responsible for the preparation of traffic signal design plans
and securing adequate funds with Public Works for the full construction of the
signals. The intersection will be monitored for the installation of the signals once
the school is fully occupied with 750 students.

Page four, revise/move the following from Phase i to Phase 11.

Chiquito Canyon Road and Lonq Canyon Road (Future) at Henry Mayo Drive
(SR-126)

North approach: One left-turn lane and one shared through/right-turn lane
(convert shared left-turn/through lane to left-turn lane and exclusive right-turn
lane to shared through/right-turn lane).

East approach: One left-turn lane, two through lanes, and an exclusive right-turn
lane (add one left-turn lane and convert shared left-turn/through lane to through
lane).

South approach (future): One left-turn lane, one through lane, and an exclusive
right-turn lane (add one left-turn lane, convert shared left-turn/through/right-turn
lane to through lane, and add an exclusive right-turn lane).

In addition to the above-mentioned revisions, the following shall be required with the
project and added to Phase II.

School West Driveway/N Street at A Street (TT 53108)

Design and install traffic signals to the satisfaction of Public Works coinciding
with the opening of the schooL. Final school/park site plan and detailed street
signing and striping plans along their frontages, as well as signal plans for the
proposed traffic signals, shall be prepared and submitted to Traffic and Lighting
Division for review and approval.

School East Driveway/J Street at A Street (TT 53108)

The project shall be responsible for the preparation of traffic signal design plans
and securing adequate funds with Public Works for the full construction of the
signals. The intersection will be monitored for the installation of the signals once
the school is fully occupied with 750 students.



Mr. Darly Zerfass
September 5, 2007
Page 3

The trip generation associated with adding 40,000 square feet of neighborhood

commercial for a reduction of 2.5 dwelling units for each 1,000 square feet of

neighborhood commercial in Phase I of the project is acceptable.

If you have any questions regarding the review, please contact Mr. Suen Fei Lau of our
Land Development Review Section at (626) 300-4820.

Very truly yours,

DONALD L. WOLFE
Director of Public Works

VL ~
WILLIAM J. WINTER
Assistant Deputy Director
Traffic and Lighting Division

SFL:cn
P:ltlpubIWPFILESlLAND DEVELOPMENT REVIEWIFeilEIR07128 Landmark Village TT 53108.doc

Ene.

cc: Department of Regional Planning (Susan Tae)

Newhall Land and Farming (Barbara Fortman, Fred MacMurdo)

be: Land Development (Hunter, Burger, Sheridan)
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NEWHALL RANCH TRAFFIC ANALYSIS 
Fillmore Traffic Impacts 

 

This report examines the impacts of the Newhall Ranch development on intersections within the City 

of Fillmore.  It is presented as supplemental information to the previous traffic impact information prepared 

for Ventura County. 

 

BACKGROUND AND METHODOLOGY 

 

The original supplemental traffic analysis for Newhall Ranch analyzed long-range traffic volume 

impacts on roadways in Ventura County.  An average daily traffic (ADT) methodology was used, similar to 

that used for Los Angeles County in the original traffic study. 

 

To identify impacts in Fillmore, it was proposed to examine peak hour volumes at individual 

intersections and determine the degree to which the project contributes to the capacity needs at each location.  

Accordingly, a condition was placed on the project that a traffic study would be carried out within the City of 

Fillmore and the community of Piru to fulfill this obligation.  This document addresses the Fillmore 

intersections and the Piru locations are presented as part of a separate document.   

 

The City of Fillmore has carried out a citywide Traffic Impact Study to determine long-range traffic 

needs in the City in relation to its General Plan (see Reference 1 at the end of this report).  As part of that 

study, peak hour intersection data was prepared for the year 2020 which provided a detailed database for all 

the major intersections within the City.  With the availability of this information a more detailed impact 

analysis has thereby been possible for the City of Fillmore. 

 

The methodology used here has been to use the 2020 traffic data prepared by the City as a base and 

then deduct the increment of traffic anticipated as a result of the Newhall Ranch development (the City’s 

traffic forecasts include traffic due to Newhall Ranch, and hence the Newhall Ranch impact volumes were 

deducted to produce the results presented here).   
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RESULTS 

 

Newhall Ranch traffic through the City was estimated for the three sections of roadway that would be 

affected.  These sections are SR-23 (A Street), and SR-126 (Ventura Street) east and west of SR-23.  Table 1 

summarizes these peak hour project impact volumes. 

 

Table 1:  Peak Hour Project Volumes - City of Fillmore   
 AM Peak Hour PM Peak Hour 
Location EB/NB WB/SB Total EB/NB WB/SB Total 
Ventura Street (SR-126)       
 East of A Street 25 54 79 53 35 88 
 West of A Street 22 49 71 48 31 79 
A Street (SR-23)       
 South of Ventura Street 3 5 8 5 4 9 

 

These peak hour volumes were deducted from the 2020 data for the intersections within Fillmore and 

the resulting volumes are used to calculate intersection capacity utilization (ICU) values.  Figure 1 shows the 

existing intersection lane configurations together with improvements the City has identified and has proposed 

to be implemented as part of the City’s long-range development plans.   

 

Table 2 summarizes the ICUs and an intersection reference map can be found in Figure 2.  The City 

of Fillmore uses the following level of service (LOS) goals for peak hour intersection performance within the 

City: 

• LOS A through E – Ventura Street/SR-126 at A Street/SR-23 Intersection 

• LOS A through D – all other SR-126 & SR-23 Intersections 

• LOS A through C – all other City Roadway Intersections 

 

  In the evaluation carried out by the City, all intersections achieve the above standards with the 

Newhall Ranch project and with the proposed improvements. 

 

The impact criteria applied here for the Newhall Ranch Specific Plan impacts on SR-126 intersections 

is the same criteria identified in the Newhall Ranch Specific Plan Program EIR for traffic impacts on state 

highways in Ventura County.  (See, specifically, Newhall Ranch Revised Additional Analysis, Volume VIII 

(May 2003), Section 2.1, Table 2.1-3 [significance threshold criteria for state highways and freeways].)  

Under the applicable significance criteria, build-out of the Newhall Ranch Specific Plan would result in a 

  





 

Newhall Ranch Traffic Analysis 4 Austin-Foust Associates, Inc. 
Fillmore Traffic Impacts  105356rptVen1.doc 

Table 2:  PM Peak Hour ICU Values - City of Fillmore   
 PM Peak Hour (with Planned Improvements) 
 Without Project With Project  
Intersection ICU LOS ICU LOS Difference 
1. Old Telegraph & SR-126 .47 A .48 A .01 
2. E Street & Ventura Street (SR-126) .66 B .68 B .02* 
3. D Street & Ventura Street (SR-126) .78 C .80 C .02 
4. C Street & Ventura Street (SR-126) .75 C .76 C .01 
5. B Street & Ventura Street (SR-126) .83 D .85 D .02 
6. A Street & Ventura Street (SR-126) .88 D .89 D .01 
7. Olive Street & Ventura Street (SR-126) .61 B .62 B .01 
8. Central & Ventura Street (SR-126) .86 D .86 D .00 
9. Mountain View Street & Ventura Street (SR-126) .68 B .69 B .01 
10. Pole Creek Road & Ventura Street (SR-126) .50 A .52 A .02 
11. Santa Clara Street & Ventura Street (SR-126) .71 C .72 C .01 
12. El Dorado Road & Ventura Street (SR-126) .78 C .80 C .02* 
 
*Project Impact (ICU increment > .01 and the additional traffic results in deficient conditions without improvements) 
 
Level of service ranges:   .00 -  .60 A .81 -  .90 D 
 .61 -  .70  B .91 – 1.00 E 
 .71 -  .80 C  Above 1.00 F 
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significant impact if the addition of project traffic increases the ICU by more than .01, and the additional 

traffic results in deficient conditions. 

 

As shown on Table 2, build-out of the Specific Plan would result in ICU increases greater than .01 at 

five of the SR-126 intersections in the City.  However, the additional traffic would not result in deficient 

conditions at all of these intersections.  Based on the Citywide Traffic and Circulation Impact Study, roadway 

improvements, indicative of deficient conditions, are proposed to maintain acceptable LOS conditions in the 

year 2020 at two of the five intersections.  By reference to Table 2 and Figure 1, the two deficient 

intersections, and the improvements proposed for each, are: 

Intersection No. 2 E Street & Ventura Street (SR-126) [add a traffic signal]; and, 

Intersection No. 12 El Dorado Road & Ventura Street [add left turn lane on SR-126 

westbound, add left turn lane on SR-126 eastbound, add a new 

southbound intersecting road, add a new northbound intersecting 

road].   

It should be noted that the roadway improvements proposed to create the intersection of El Dorado and 

Ventura Street are necessary, in part, due to the construction of new roadways that will intersect with SR-126 

and are not required to maintain acceptable LOS conditions due solely to projected increases in future traffic 

volumes on SR-126. 

 

 

REFERENCES 

 

 1. “Citywide Traffic and Circulation Impact Study prepared for City of Fillmore,” Willdan, August 
2002. 
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 APPENDIX 
 INTERSECTION CAPACITY UTILIZATION WORKSHEETS 
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         1. Telegraph & SR-126                                    
     ┌─────────────────────────────────────────────────────────┐       ┌─────────────────────────────────────────────────────────┐ 
     │   Long Range 2020 Without Project                       │       │   Long Range 2020 With Project                          │ 
     │                                                         │       │                                                         │ 
     │                                            PM PK HOUR   │       │                                            PM PK HOUR   │ 
     │          LANES  CAPACITY                   VOL    V/C   │       │          LANES  CAPACITY                   VOL    V/C   │ 
     │                                                         │       │                                                         │ 
     │   NBL      0         0        0              0          │       │   NBL      0         0        0              0          │ 
     │   NBT      0         0        0              0          │       │   NBT      0         0        0              0          │ 
     │   NBR      0         0        0              0          │       │   NBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   SBL      0         0        0              1          │       │   SBL      0         0        0              1          │ 
     │   SBT      1      1600        0    .00*      0    .06*  │       │   SBT      1      1600        0    .00*      0    .06*  │ 
     │   SBR      0         0        0             95          │       │   SBR      0         0        0             95          │ 
     │                                                         │       │                                                         │ 
     │   EBL      1      1600        0    .00      91    .06*  │       │   EBL      1      1600        0    .00      91    .06*  │ 
     │   EBT      2      3200        0    .00    1224    .38   │       │   EBT      2      3200        0    .00    1272    .40   │ 
     │   EBR      0         0        0              0          │       │   EBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   WBL      0         0        0              0          │       │   WBL      0         0        0              0          │ 
     │   WBT      2      3200        0    .00*   1123    .35*  │       │   WBT      2      3200        0    .00*   1154    .36*  │ 
     │   WBR      0         0        0              9          │       │   WBR      0         0        0              9          │ 
     │                                                         │       │                                                         │ 
     └─────────────────────────────────────────────────────────┘       └─────────────────────────────────────────────────────────┘ 
         TOTAL CAPACITY UTILIZATION       .00            .47               TOTAL CAPACITY UTILIZATION       .00            .48 
 
 
         2. E St & Ventura St                                     
     ┌─────────────────────────────────────────────────────────┐       ┌─────────────────────────────────────────────────────────┐ 
     │   Long Range 2020 Without Project                       │       │   Long Range 2020 With Project                          │ 
     │                                                         │       │                                                         │ 
     │                                            PM PK HOUR   │       │                                            PM PK HOUR   │ 
     │          LANES  CAPACITY                   VOL    V/C   │       │          LANES  CAPACITY                   VOL    V/C   │ 
     │                                                         │       │                                                         │ 
     │   NBL      0         0        0             66          │       │   NBL      0         0        0             66          │ 
     │   NBT      1      1600        0    .00     189    .25*  │       │   NBT      1      1600        0    .00     189    .25*  │ 
     │   NBR      0         0        0            143          │       │   NBR      0         0        0            143          │ 
     │                                                         │       │                                                         │ 
     │   SBL      0         0        0              7          │       │   SBL      0         0        0              7          │ 
     │   SBT      1      1600        0    .00*    114    .08   │       │   SBT      1      1600        0    .00*    114    .08   │ 
     │   SBR      0         0        0              3          │       │   SBR      0         0        0              3          │ 
     │                                                         │       │                                                         │ 
     │   EBL      1      1600        0    .00       0    .00   │       │   EBL      1      1600        0    .00       0    .00   │ 
     │   EBT      2      3200        0    .00    1186    .38*  │       │   EBT      2      3200        0    .00    1234    .40*  │ 
     │   EBR      0         0        0             39          │       │   EBR      0         0        0             39          │ 
     │                                                         │       │                                                         │ 
     │   WBL      1      1600        0    .00      41    .03*  │       │   WBL      1      1600        0    .00      41    .03*  │ 
     │   WBT      2      3200        0    .00*   1063    .34   │       │   WBT      2      3200        0    .00*   1094    .35   │ 
     │   WBR      0         0        0             10          │       │   WBR      0         0        0             10          │ 
     │                                                         │       │                                                         │ 
     └─────────────────────────────────────────────────────────┘       └─────────────────────────────────────────────────────────┘ 
         TOTAL CAPACITY UTILIZATION       .00            .66               TOTAL CAPACITY UTILIZATION       .00            .68 
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         3. D St & Ventura St                                     
     ┌─────────────────────────────────────────────────────────┐       ┌─────────────────────────────────────────────────────────┐ 
     │   Long Range 2020 Without Project                       │       │   Long Range 2020 With Project                          │ 
     │                                                         │       │                                                         │ 
     │                                            PM PK HOUR   │       │                                            PM PK HOUR   │ 
     │          LANES  CAPACITY                   VOL    V/C   │       │          LANES  CAPACITY                   VOL    V/C   │ 
     │                                                         │       │                                                         │ 
     │   NBL      0         0        0             31          │       │   NBL      0         0        0             31          │ 
     │   NBT      1      1600        0    .00     100    .22*  │       │   NBT      1      1600        0    .00     100    .22*  │ 
     │   NBR      0         0        0            219          │       │   NBR      0         0        0            219          │ 
     │                                                         │       │                                                         │ 
     │   SBL      0         0        0             11  {.01}*  │       │   SBL      0         0        0             11  {.01}*  │ 
     │   SBT      1      1600        0    .00*     78    .07   │       │   SBT      1      1600        0    .00*     78    .07   │ 
     │   SBR      0         0        0             16          │       │   SBR      0         0        0             16          │ 
     │                                                         │       │                                                         │ 
     │   EBL      1      1600        0    .00      30    .02   │       │   EBL      1      1600        0    .00      30    .02   │ 
     │   EBT      2      3200        0    .00    1635    .51*  │       │   EBT      2      3200        0    .00    1683    .53*  │ 
     │   EBR      0         0        0              9          │       │   EBR      0         0        0              9          │ 
     │                                                         │       │                                                         │ 
     │   WBL      1      1600        0    .00      68    .04*  │       │   WBL      1      1600        0    .00      68    .04*  │ 
     │   WBT      2      3200        0    .00*   1312    .42   │       │   WBT      2      3200        0    .00*   1343    .43   │ 
     │   WBR      0         0        0             18          │       │   WBR      0         0        0             18          │ 
     │                                                         │       │                                                         │ 
     └─────────────────────────────────────────────────────────┘       └─────────────────────────────────────────────────────────┘ 
         TOTAL CAPACITY UTILIZATION       .00            .78               TOTAL CAPACITY UTILIZATION       .00            .80 
 
 
         4. C St & Ventura St                                     
     ┌─────────────────────────────────────────────────────────┐       ┌─────────────────────────────────────────────────────────┐ 
     │   Long Range 2020 Without Project                       │       │   Long Range 2020 With Project                          │ 
     │                                                         │       │                                                         │ 
     │                                            PM PK HOUR   │       │                                            PM PK HOUR   │ 
     │          LANES  CAPACITY                   VOL    V/C   │       │          LANES  CAPACITY                   VOL    V/C   │ 
     │                                                         │       │                                                         │ 
     │   NBL      0         0        0             28  {.02}*  │       │   NBL      0         0        0             28  {.02}*  │ 
     │   NBT      1      1600        0    .00      47    .05   │       │   NBT      1      1600        0    .00      47    .05   │ 
     │   NBR      0         0        0              9          │       │   NBR      0         0        0              9          │ 
     │                                                         │       │                                                         │ 
     │   SBL      0         0        0            104          │       │   SBL      0         0        0            104          │ 
     │   SBT      1      1600        0    .00*     33    .09*  │       │   SBT      1      1600        0    .00*     33    .09*  │ 
     │   SBR      1      1600        0    .00      58    .04   │       │   SBR      1      1600        0    .00      58    .04   │ 
     │                                                         │       │                                                         │ 
     │   EBL      1      1600        0    .00     148    .09*  │       │   EBL      1      1600        0    .00     148    .09*  │ 
     │   EBT      2      3200        0    .00    1857    .59   │       │   EBT      2      3200        0    .00    1905    .60   │ 
     │   EBR      0         0        0             26          │       │   EBR      0         0        0             26          │ 
     │                                                         │       │                                                         │ 
     │   WBL      1      1600        0    .00      11    .01   │       │   WBL      1      1600        0    .00      11    .01   │ 
     │   WBT      2      3200        0    .00*   1635    .55*  │       │   WBT      2      3200        0    .00*   1666    .56*  │ 
     │   WBR      0         0        0            116          │       │   WBR      0         0        0            116          │ 
     │                                                         │       │                                                         │ 
     └─────────────────────────────────────────────────────────┘       └─────────────────────────────────────────────────────────┘ 
         TOTAL CAPACITY UTILIZATION       .00            .75               TOTAL CAPACITY UTILIZATION       .00            .76 
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         5. B St & Ventura St                                     
     ┌─────────────────────────────────────────────────────────┐       ┌─────────────────────────────────────────────────────────┐ 
     │   Long Range 2020 Without Project                       │       │   Long Range 2020 With Project                          │ 
     │                                                         │       │                                                         │ 
     │                                            PM PK HOUR   │       │                                            PM PK HOUR   │ 
     │          LANES  CAPACITY                   VOL    V/C   │       │          LANES  CAPACITY                   VOL    V/C   │ 
     │                                                         │       │                                                         │ 
     │   NBL      1      1600        0    .00      37    .02   │       │   NBL      1      1600        0    .00      37    .02   │ 
     │   NBT      1      1600        0    .00     161    .14*  │       │   NBT      1      1600        0    .00     161    .14*  │ 
     │   NBR      0         0        0             67          │       │   NBR      0         0        0             67          │ 
     │                                                         │       │                                                         │ 
     │   SBL      1      1600        0    .00      62    .04*  │       │   SBL      1      1600        0    .00      62    .04*  │ 
     │   SBT      1      1600        0    .00*     72    .11   │       │   SBT      1      1600        0    .00*     72    .11   │ 
     │   SBR      0         0        0            102          │       │   SBR      0         0        0            102          │ 
     │                                                         │       │                                                         │ 
     │   EBL      1      1600        0    .00     199    .12   │       │   EBL      1      1600        0    .00     199    .12   │ 
     │   EBT      2      3200        0    .00    1956    .62*  │       │   EBT      2      3200        0    .00    2004    .64*  │ 
     │   EBR      0         0        0             32          │       │   EBR      0         0        0             32          │ 
     │                                                         │       │                                                         │ 
     │   WBL      1      1600        0    .00      47    .03*  │       │   WBL      1      1600        0    .00      47    .03*  │ 
     │   WBT      2      3200        0    .00*   1531    .51   │       │   WBT      2      3200        0    .00*   1562    .52   │ 
     │   WBR      0         0        0             97          │       │   WBR      0         0        0             97          │ 
     │                                                         │       │                                                         │ 
     └─────────────────────────────────────────────────────────┘       └─────────────────────────────────────────────────────────┘ 
         TOTAL CAPACITY UTILIZATION       .00            .83               TOTAL CAPACITY UTILIZATION       .00            .85 
 
 
         6. A St & Ventura St                                     
     ┌─────────────────────────────────────────────────────────┐       ┌─────────────────────────────────────────────────────────┐ 
     │   Long Range 2020 Without Project                       │       │   Long Range 2020 With Project                          │ 
     │                                                         │       │                                                         │ 
     │                                            PM PK HOUR   │       │                                            PM PK HOUR   │ 
     │          LANES  CAPACITY                   VOL    V/C   │       │          LANES  CAPACITY                   VOL    V/C   │ 
     │                                                         │       │                                                         │ 
     │   NBL      1      1600        0    .00     173    .11   │       │   NBL      1      1600        0    .00     173    .11   │ 
     │   NBT      1      1600        0    .00     363    .32*  │       │   NBT      1      1600        0    .00     363    .32*  │ 
     │   NBR      0         0        0            146          │       │   NBR      0         0        0            151          │ 
     │                                                         │       │                                                         │ 
     │   SBL      1      1600        0    .00     139    .09*  │       │   SBL      1      1600        0    .00     139    .09*  │ 
     │   SBT      1      1600        0    .00*    267    .26   │       │   SBT      1      1600        0    .00*    267    .26   │ 
     │   SBR      0         0        0            156          │       │   SBR      0         0        0            156          │ 
     │                                                         │       │                                                         │ 
     │   EBL      1      1600        0    .00     211    .13   │       │   EBL      1      1600        0    .00     211    .13   │ 
     │   EBT      3      4800        0    .00    1679    .38*  │       │   EBT      3      4800        0    .00    1727    .39*  │ 
     │   EBR      0         0        0            168          │       │   EBR      0         0        0            168          │ 
     │                                                         │       │                                                         │ 
     │   WBL      1      1600        0    .00     141    .09*  │       │   WBL      1      1600        0    .00     145    .09*  │ 
     │   WBT      3      4800        0    .00*   1311    .32   │       │   WBT      3      4800        0    .00*   1342    .32   │ 
     │   WBR      0         0        0            215          │       │   WBR      0         0        0            215          │ 
     │                                                         │       │                                                         │ 
     └─────────────────────────────────────────────────────────┘       └─────────────────────────────────────────────────────────┘ 
         TOTAL CAPACITY UTILIZATION       .00            .88               TOTAL CAPACITY UTILIZATION       .00            .89 
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         7. Olive & Ventura St                                    
     ┌─────────────────────────────────────────────────────────┐       ┌─────────────────────────────────────────────────────────┐ 
     │   Long Range 2020 Without Project                       │       │   Long Range 2020 With Project                          │ 
     │                                                         │       │                                                         │ 
     │                                            PM PK HOUR   │       │                                            PM PK HOUR   │ 
     │          LANES  CAPACITY                   VOL    V/C   │       │          LANES  CAPACITY                   VOL    V/C   │ 
     │                                                         │       │                                                         │ 
     │   NBL      1      1600        0    .00     112    .07   │       │   NBL      1      1600        0    .00     112    .07   │ 
     │   NBT      1      1600        0    .00      21    .10*  │       │   NBT      1      1600        0    .00      21    .10*  │ 
     │   NBR      0         0        0            135          │       │   NBR      0         0        0            135          │ 
     │                                                         │       │                                                         │ 
     │   SBL      0         0        0              5          │       │   SBL      0         0        0              5          │ 
     │   SBT      1      1600        0    .00*     21    .02   │       │   SBT      1      1600        0    .00*     21    .02   │ 
     │   SBR      0         0        0             12          │       │   SBR      0         0        0             12          │ 
     │                                                         │       │                                                         │ 
     │   EBL      1      1600        0    .00      11    .01   │       │   EBL      1      1600        0    .00      11    .01   │ 
     │   EBT      3      4800        0    .00    1839    .41*  │       │   EBT      3      4800        0    .00    1892    .42*  │ 
     │   EBR      0         0        0            114          │       │   EBR      0         0        0            114          │ 
     │                                                         │       │                                                         │ 
     │   WBL      1      1600        0    .00     155    .10*  │       │   WBL      1      1600        0    .00     155    .10*  │ 
     │   WBT      3      4800        0    .00*   1544    .33   │       │   WBT      3      4800        0    .00*   1579    .33   │ 
     │   WBR      0         0        0             17          │       │   WBR      0         0        0             17          │ 
     │                                                         │       │                                                         │ 
     └─────────────────────────────────────────────────────────┘       └─────────────────────────────────────────────────────────┘ 
         TOTAL CAPACITY UTILIZATION       .00            .61               TOTAL CAPACITY UTILIZATION       .00            .62 
 
 
         8. Central Ave & Ventura St                              
     ┌─────────────────────────────────────────────────────────┐       ┌─────────────────────────────────────────────────────────┐ 
     │   Long Range 2020 Without Project                       │       │   Long Range 2020 With Project                          │ 
     │                                                         │       │                                                         │ 
     │                                            PM PK HOUR   │       │                                            PM PK HOUR   │ 
     │          LANES  CAPACITY                   VOL    V/C   │       │          LANES  CAPACITY                   VOL    V/C   │ 
     │                                                         │       │                                                         │ 
     │   NBL      1      1600        0    .00      45    .03*  │       │   NBL      1      1600        0    .00      45    .03*  │ 
     │   NBT      1      1600        0    .00     173    .17   │       │   NBT      1      1600        0    .00     173    .17   │ 
     │   NBR      0         0        0            106          │       │   NBR      0         0        0            106          │ 
     │                                                         │       │                                                         │ 
     │   SBL      1      1600        0    .00      62    .04   │       │   SBL      1      1600        0    .00      62    .04   │ 
     │   SBT      1      1600        0    .00*    148    .29*  │       │   SBT      1      1600        0    .00*    148    .29*  │ 
     │   SBR      0         0        0            312          │       │   SBR      0         0        0            312          │ 
     │                                                         │       │                                                         │ 
     │   EBL      1      1600        0    .00     389    .24*  │       │   EBL      1      1600        0    .00     389    .24*  │ 
     │   EBT      3      4800        0    .00    1552    .33   │       │   EBT      3      4800        0    .00    1605    .34   │ 
     │   EBR      0         0        0             38          │       │   EBR      0         0        0             38          │ 
     │                                                         │       │                                                         │ 
     │   WBL      1      1600        0    .00      59    .04   │       │   WBL      1      1600        0    .00      59    .04   │ 
     │   WBT      3      4800        0    .00*   1359    .30*  │       │   WBT      3      4800        0    .00*   1394    .30*  │ 
     │   WBR      0         0        0             68          │       │   WBR      0         0        0             68          │ 
     │                                                         │       │                                                         │ 
     └─────────────────────────────────────────────────────────┘       └─────────────────────────────────────────────────────────┘ 
         TOTAL CAPACITY UTILIZATION       .00            .86               TOTAL CAPACITY UTILIZATION       .00            .86 
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         9. Mountainview St & Ventura St                          
     ┌─────────────────────────────────────────────────────────┐       ┌─────────────────────────────────────────────────────────┐ 
     │   Long Range 2020 Without Project                       │       │   Long Range 2020 With Project                          │ 
     │                                                         │       │                                                         │ 
     │                                            PM PK HOUR   │       │                                            PM PK HOUR   │ 
     │          LANES  CAPACITY                   VOL    V/C   │       │          LANES  CAPACITY                   VOL    V/C   │ 
     │                                                         │       │                                                         │ 
     │   NBL      0         0        0             16  {.01}*  │       │   NBL      0         0        0             16  {.01}*  │ 
     │   NBT      1      1600        0    .00      49    .04   │       │   NBT      1      1600        0    .00      49    .04   │ 
     │   NBR      0         0        0              3          │       │   NBR      0         0        0              3          │ 
     │                                                         │       │                                                         │ 
     │   SBL      1      1600        0    .00      63    .04   │       │   SBL      1      1600        0    .00      63    .04   │ 
     │   SBT      1      1600        0    .00*     48    .13*  │       │   SBT      1      1600        0    .00*     48    .13*  │ 
     │   SBR      0         0        0            155          │       │   SBR      0         0        0            155          │ 
     │                                                         │       │                                                         │ 
     │   EBL      1      1600        0    .00     186    .12*  │       │   EBL      1      1600        0    .00     186    .12*  │ 
     │   EBT      2      3200        0    .00    1494    .47   │       │   EBT      2      3200        0    .00    1547    .48   │ 
     │   EBR      1      1600        0    .00      27    .02   │       │   EBR      1      1600        0    .00      27    .02   │ 
     │                                                         │       │                                                         │ 
     │   WBL      1      1600        0    .00       6    .00   │       │   WBL      1      1600        0    .00       6    .00   │ 
     │   WBT      2      3200        0    .00*   1331    .42*  │       │   WBT      2      3200        0    .00*   1366    .43*  │ 
     │   WBR      1      1600        0    .00      58    .04   │       │   WBR      1      1600        0    .00      58    .04   │ 
     │                                                         │       │                                                         │ 
     └─────────────────────────────────────────────────────────┘       └─────────────────────────────────────────────────────────┘ 
         TOTAL CAPACITY UTILIZATION       .00            .68               TOTAL CAPACITY UTILIZATION       .00            .69 
 
 
         10. Pole Creek & Ventura St                              
     ┌─────────────────────────────────────────────────────────┐       ┌─────────────────────────────────────────────────────────┐ 
     │   Long Range 2020 Without Project                       │       │   Long Range 2020 With Project                          │ 
     │                                                         │       │                                                         │ 
     │                                            PM PK HOUR   │       │                                            PM PK HOUR   │ 
     │          LANES  CAPACITY                   VOL    V/C   │       │          LANES  CAPACITY                   VOL    V/C   │ 
     │                                                         │       │                                                         │ 
     │   NBL      0         0        0              0          │       │   NBL      0         0        0              0          │ 
     │   NBT      0         0        0              0          │       │   NBT      0         0        0              0          │ 
     │   NBR      0         0        0              0          │       │   NBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   SBL      0         0        0             14          │       │   SBL      0         0        0             14          │ 
     │   SBT      1      1600        0    .00*      0    .02*  │       │   SBT      1      1600        0    .00*      0    .02*  │ 
     │   SBR      0         0        0             17          │       │   SBR      0         0        0             17          │ 
     │                                                         │       │                                                         │ 
     │   EBL      1      1600        0    .00      16    .01   │       │   EBL      1      1600        0    .00      16    .01   │ 
     │   EBT      2      3200        0    .00    1544    .48*  │       │   EBT      2      3200        0    .00    1597    .50*  │ 
     │   EBR      0         0        0              0          │       │   EBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   WBL      0         0        0              0          │       │   WBL      0         0        0              0          │ 
     │   WBT      2      3200        0    .00*   1378    .44   │       │   WBT      2      3200        0    .00*   1413    .45   │ 
     │   WBR      0         0        0             38          │       │   WBR      0         0        0             38          │ 
     │                                                         │       │                                                         │ 
     └─────────────────────────────────────────────────────────┘       └─────────────────────────────────────────────────────────┘ 
         TOTAL CAPACITY UTILIZATION       .00            .50               TOTAL CAPACITY UTILIZATION       .00            .52 
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         11. Santa Clara & Ventura St                             
     ┌─────────────────────────────────────────────────────────┐       ┌─────────────────────────────────────────────────────────┐ 
     │   Long Range 2020 Without Project                       │       │   Long Range 2020 With Project                          │ 
     │                                                         │       │                                                         │ 
     │                                            PM PK HOUR   │       │                                            PM PK HOUR   │ 
     │          LANES  CAPACITY                   VOL    V/C   │       │          LANES  CAPACITY                   VOL    V/C   │ 
     │                                                         │       │                                                         │ 
     │   NBL      0         0        0             60  {.04}*  │       │   NBL      0         0        0             60  {.04}*  │ 
     │   NBT      1      1600        0    .00      25    .10   │       │   NBT      1      1600        0    .00      25    .10   │ 
     │   NBR      0         0        0             80          │       │   NBR      0         0        0             80          │ 
     │                                                         │       │                                                         │ 
     │   SBL      0         0        0            109          │       │   SBL      0         0        0            109          │ 
     │   SBT      1      1600        0    .00*     25    .16*  │       │   SBT      1      1600        0    .00*     25    .16*  │ 
     │   SBR      0         0        0            125          │       │   SBR      0         0        0            125          │ 
     │                                                         │       │                                                         │ 
     │   EBL      1      1600        0    .00     123    .08*  │       │   EBL      1      1600        0    .00     123    .08*  │ 
     │   EBT      2      3200        0    .00    1323    .45   │       │   EBT      2      3200        0    .00    1376    .47   │ 
     │   EBR      0         0        0            112          │       │   EBR      0         0        0            112          │ 
     │                                                         │       │                                                         │ 
     │   WBL      1      1600        0    .00      56    .04   │       │   WBL      1      1600        0    .00      56    .04   │ 
     │   WBT      2      3200        0    .00*   1231    .43*  │       │   WBT      2      3200        0    .00*   1266    .44*  │ 
     │   WBR      0         0        0            132          │       │   WBR      0         0        0            132          │ 
     │                                                         │       │                                                         │ 
     └─────────────────────────────────────────────────────────┘       └─────────────────────────────────────────────────────────┘ 
         TOTAL CAPACITY UTILIZATION       .00            .71               TOTAL CAPACITY UTILIZATION       .00            .72 
 
 
         12. El Dorado Rd & Ventura St                            
     ┌─────────────────────────────────────────────────────────┐       ┌─────────────────────────────────────────────────────────┐ 
     │   Long Range 2020 Without Project                       │       │   Long Range 2020 With Project                          │ 
     │                                                         │       │                                                         │ 
     │                                            PM PK HOUR   │       │                                            PM PK HOUR   │ 
     │          LANES  CAPACITY                   VOL    V/C   │       │          LANES  CAPACITY                   VOL    V/C   │ 
     │                                                         │       │                                                         │ 
     │   NBL      0         0        0            144          │       │   NBL      0         0        0            144          │ 
     │   NBT      1      1600        0    .00      50    .16*  │       │   NBT      1      1600        0    .00      50    .16*  │ 
     │   NBR      0         0        0             57          │       │   NBR      0         0        0             57          │ 
     │                                                         │       │                                                         │ 
     │   SBL      0         0        0            125  {.08}*  │       │   SBL      0         0        0            125  {.08}*  │ 
     │   SBT      1      1600        0    .00*     50    .13   │       │   SBT      1      1600        0    .00*     50    .13   │ 
     │   SBR      0         0        0             25          │       │   SBR      0         0        0             25          │ 
     │                                                         │       │                                                         │ 
     │   EBL      1      1600        0    .00      25    .02   │       │   EBL      1      1600        0    .00      25    .02   │ 
     │   EBT      2      3200        0    .00    1297    .46*  │       │   EBT      2      3200        0    .00    1350    .48*  │ 
     │   EBR      0         0        0            190          │       │   EBR      0         0        0            190          │ 
     │                                                         │       │                                                         │ 
     │   WBL      1      1600        0    .00     125    .08*  │       │   WBL      1      1600        0    .00     125    .08*  │ 
     │   WBT      2      3200        0    .00*   1250    .40   │       │   WBT      2      3200        0    .00*   1285    .41   │ 
     │   WBR      0         0        0             14          │       │   WBR      0         0        0             14          │ 
     │                                                         │       │                                                         │ 
     └─────────────────────────────────────────────────────────┘       └─────────────────────────────────────────────────────────┘ 
         TOTAL CAPACITY UTILIZATION       .00            .78               TOTAL CAPACITY UTILIZATION       .00            .80 
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MEMORANDUM 
 
 
 
TO:  Susan Tebo, Impact Sciences 
 
 
FROM:  Daryl Zerfass, P.E. 
 
 
DATE:  August 8, 2006 
 
 
SUBJECT: LANDMARK VILLAGE FIRE STATION 
 
 

A County fire station is currently being proposed for a location within the Landmark Village 
project site.  The station will be 11,000 square feet on a 1.25 acre (net) building pad.  The fire station will 
be in place of 11,000 square feet of what would otherwise be a commercial use. 
 

The purpose of this memorandum is to compare the traffic generation of the fire station to what 
the Landmark Village traffic impact study assumed to be 11,000 square feet of commercial uses.   
 

Based on information provided by the County Fire District, the proposed fire station will typically 
generate less than 75 average daily trips (ADT).  By comparison, an 11,000 square foot commercial 
building would generate approximately 936 ADT with retail uses or approximately 127 ADT with office 
uses. 
 

Unlike retail uses which experience a peak trip generation during the critical PM peak hour and 
office uses which experience peak trip generation during both the AM and PM peak hours, the fire station 
will generate trips throughout the day without a specific peak time.  Therefore, the fire station will result 
in less of a traffic impact on both a daily trip basis as well as during the critical AM and PM peak hours. 
 
 
 
Cc:  Glenn Adamick, Newhall Land 
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I-5 PA&ED HOV & TRUCK LANES – SR-14 TO PARKER ROAD 
Traffic Study 
 
 

 

The information presented here comprises a Project Approval and Environmental Document 

(PA&ED) Traffic Study for the addition of High Occupancy Vehicle (HOV) lanes and Truck lanes for the 

I-5 freeway in the Santa Clarita Valley (07-LA-5, PM R 45.4/R 59.0, EA 2332E0). The purpose is to 

provide supporting material for the PA&ED being prepared for this segment of roadway. 

 

1.0 PROJECT DESCRIPTION 

The project proposes to add one HOV lane in each direction on I-5 from the State Route 14 (SR-

14) interchange at the southern project limit north to Parker Road. The project also proposes to add truck 

climbing lanes in each direction from the SR-14 interchange to Calgrove Boulevard (northbound) and 

Pico Canyon Road/Lyons Avenue (southbound). Full auxiliary lanes are proposed between the following 

interchanges:  1) northbound direction between Valencia Boulevard and Magic Mountain Parkway, 2) 

southbound direction between Valencia Boulevard and McBean Parkway, and 3) northbound direction 

between Calgrove Boulevard and Pico Canyon Road/Lyons Avenue. 

 

The project segment of I-5 crosses the City of Santa Clarita, the unincorporated community of 

Castaic and other parts of unincorporated northern Los Angeles County. This section of I-5 serves 

interstate travel, travel between Southern and Central/Northern California, as well as local and commuter 

travel for the Santa Clarita Valley. The project location is illustrated in Figure 1. 

 

The full project is anticipated to be completed around 2014. Additionally, an Early 

Implementation Project (EIP) consisting of the southbound truck climbing lane between Pico Canyon 

Road/Lyons Avenue and SR-14 and the extension of the northbound HOV lane from SR-14 to the summit 

just north of SR-14 is anticipated to start construction around 2009. Subsequently, traffic volume 

forecasts have been prepared for the following three future horizon years:  2030, which represents the 

current Regional Transportation Plan (RTP) horizon year and the project design year; 2010, to evaluate 

opening day conditions for the Early Implementation project; and 2015, to evaluate opening day 

conditions for the full project. The Highway Capacity Manual (HCM) methodology is utilized to 

determine Level of Service (LOS) estimates for each horizon year, with and without the proposed project.  
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2.0 EXISTING CONDITIONS 

A summary of existing conditions has been compiled from multiple sources, including published 

Caltrans data and field surveys by Austin-Foust Associates, Inc. and Korve Engineers. Table 1 

summarizes the current lane geometry and grade for the project area.   

 

The I-5 generally consists of four mixed-flow lanes in each direction through the project area, 

with the exception of through the midpoint of the SR-14 interchange where there are three mixed-flow 

lanes in each direction. Two truck lanes in each direction pass through the SR-14 interchange area 

separated from the mainline. Within the project area, this truck bypass route begins/ends just north of the 

interchange.   

 

The grade through the project area varies from flat to +/- five percent. 

 

A summary of existing (2006) mainline traffic volumes, peak hour by direction and ADT, and the 

percentage of trucks is provided in Table 2. Traffic count data from multiple sources (as noted in the 

table) for both the mainline and ramps were used to prepare this comprehensive summary of present day 

conditions. A detailed listing of mainline and ramp volumes is provided in Appendix A.   

 

Observations of vehicle occupancies were made by Korve Engineers in April 2005 for the 

segment of I-5 between SR-14 and Calgrove Boulevard. The observations were taken from the Weldon 

Canyon Road overcrossing during AM and PM time periods, and are summarized in Table 3. The data 

indicates that average vehicle occupancies for this segment of freeway currently range between 1.3 and 

1.4 persons per vehicle. These observations equate to approximately 27 percent of vehicles qualifying to 

use a HOV (2+ persons/vehicle) lane and just 6 percent of vehicles qualifying to use a 3+ persons/vehicle 

lane. 

 

LOS for each segment of freeway has been estimated using the HCM methodology for basic 

freeway segments. A basic freeway segment can be characterized by three performance measures:  

density in terms of passenger cars per mile per lane, speed in terms of mean passenger-car speed, and 

volume-to-capacity (v/c) ratio. Each of these measures is an indication of how well traffic flow is being 

accommodated by the freeway.  
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Table 1:  Existing (2006) Lanes and Grade 
 Southbound Northbound 
I-5 Segment Lanes Grade Lanes Grade 
Between Lake Hughes Road & Parker Road 
PM 59.49 – 59.01 

4 MF Flat 4 MF Flat 

Between Parker Road & Hasley Canyon Road 
PM 59.01 – 56.6 

4 MF -1.0% 4 MF 1.0% 

Between Hasley Canyon Road & SR-126 
PM 56.6 – 55.48 

4 MF Flat 4 MF Flat 

Between SR-126 & Rye Canyon Road 
PM 55.48 – 54.16 

4 MF Flat 4 MF Flat 

Between Rye Canyon Road & Magic Mountain Parkway 
PM 54.16 – 53.57 

4 MF Flat 4 MF Flat 

Between Magic Mountain Parkway & Valencia Boulevard 
PM 53.57 – 52.47 

4 MF 2.8% 4 MF -2.8% 

Between Valencia Boulevard & McBean Parkway 
PM 52.47 – 51.44 

4 MF 3.7% 4 MF -3.7% 

Between McBean Parkway & Lyons Avenue/Pico Canyon Road 
PM 51.44 – 50.33 

4 MF -2.5% 4 MF 2.5% 

Between Lyons Avenue/Pico Canyon Road & Calgrove Boulevard 
PM 50.33 – 49.03 

4 MF Flat 4 MF Flat 

Between Calgrove Boulevard & SR-14 
PM 49.03 – 45.58 

4 MF 5.1% 4 MF -5.1% 

Through the SR-14 Interchange 
PM 45.58 

31 MF + 2 T2 -4.5% 3 MF + 2 T2 4.5% 

 

14th Southbound Mixed-Flow lane becomes a trap lane to the Northbound SR-14 Connector. 
2Truck bypass route rejoins the mainline south of the SR-14 interchange. 
 
MF = Mixed-Flow Lane 
T = Truck Lane 
HOV = HOV Lane 
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Table 2:  Existing (2006) Traffic Volumes 
 % Trucks AM Peak Hour PM Peak Hour  
I-5 Segment (Daily) SB NB SB NB ADT 
North of Parker Road 
 

26.6% 1,600 1,190 2,040 2,250 65,000 

Between Parker Road &  
Hasley Canyon Road 

20.8% 2,210 1,570 2,420 2,790 83,000 

Between Hasley Canyon Road &  
SR-126 

17.3% 3,110 2,170 3,010 3,620 100,000 

Between SR-126 &  
Rye Canyon Road 

15.3% 3,420 3,340 4,150 4,080 124,000 

Between Rye Canyon Road &  
Magic Mountain Parkway 

14.2% 4,200 3,340 5,350 4,080 134,000 

Between Magic Mountain Parkway &  
Valencia Boulevard 

12.2% 4,490 4,490 5,600 5,270 156,000 

Between Valencia Boulevard &  
McBean Parkway 

10.6% 5,310 5,430 6,420 6,050 179,000 

Between McBean Parkway &  
Lyons Avenue/Pico Canyon Road 

10.1% 5,730 5,560 6,450 6,610 189,000 

Between Lyons Avenue/Pico Canyon Road & 
Calgrove Blvd. 

9.5% 6,320 5,620 6,460 7,020 199,000 

Between Calgrove Boulevard &  
SR-14 

9.4%1 6,610 5,600 6,410 6,970 202,000 

South of SR-14 
 

8.6% 13,270 7,390 9,180 13,710 325,000 

 
1 Peak Hour Truck Percentages (2005 Survey): AM NB = 7.0%; AM SB = 8.2%; PM NB = 6.5%; PM SB = 6.7% 
 
Sources: Korve Engineering, Mainline Counts (Peak Hour), April 2005 
 Austin-Foust Associates, Inc., Ramp Counts (Peak Hour), 2004-2006 
 Korve Engineering, Mainline Truck Counts (Peak Hour), April 2005 
 Caltrans, Mainline AADT, 2005 
 Caltrans, Ramp Volumes ADT, 2005 
 Caltrans, AADT Daily Truck Traffic, 2004 
 Caltrans, Count Station Data (Hourly), 2003 
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Table 3:  Average Vehicle Occupancy Survey 

People per Vehicle Average Vehicle 
  Location Time Direction 1 2 3+ Occupancy 
  I-5 at Weldon Canyon Rd. 9:30-9:45 am NB 378 139 58 1.44 
  I-5 at Weldon Canyon Rd. 9:30-9:45 am SB 279 67 12 1.25 
  I-5 at Weldon Canyon Rd. 3:15-3:30 pm SB 271 91 15 1.32 
  I-5 at Weldon Canyon Rd. 6:30-6:45 pm NB 511 127 31 1.28 
  Total Vehicles     1,439 424 116 1.33 

   National Average – To or From Work 1.14 

   National Average – Social and Recreational 2.03 

   National Average – All Purposes 1.63 
 
Percentage of observed vehicles that qualify to use a 2 or more persons per vehicle carpool lane:   
 
Percentage of observed vehicles that qualify to use a 3 or more persons per vehicle carpool lane: 
 

27% 
 

6% 

 
Sources:   Korve Engineering, Mainline Vehicle Occupancy Surveys for I-5 at Weldon Canyon Road, April 2005 
 U.S. DOT/FHWA, 2001 National Household Travel Survey, December 2004 
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The measure used to provide an estimate of LOS is density. The three measures of speed, density 

and flow or volume are interrelated. LOS thresholds for a basic freeway segment are summarized in Table 

4. 

Table 4:  LOS Thresholds for a Basic Freeway Segment 
LOS Density Range (pc/mi/ln) 

A 0 – 11 
B >11 – 18 
C >18 – 26 
D >26 – 35 
E >35 - 45 
F >45 

Source: HCM 2000 
 

As stated in the HCM, the upper value shown for LOS E (45 pc/mi/ln) is the maximum density at 

which sustained flows at capacity are expected to occur. Failure, breakdown, congestion, and LOS F 

occur when queues begin to form on the freeway. Density tends to increase sharply within the queue and 

may be considerably higher than the maximum value of 45 pc/mi/ln for LOS E.  

 

When demand conditions exceed capacity, forced flow results and the formulas used for 

estimating density and average speed are no longer applicable. As such, estimates for density and average 

speed are not provided for LOS F conditions due to this limitation of the HCM methodology. 

 

A summary of the HCS operational analysis for existing conditions is provided in Table 5. HCS 

worksheets are provided in Appendix C for the EIP segments and in Appendix D for the remaining 

segments. 

 

Observations of the four lane southbound segment of I-5 between Pico Canyon Road/Lyons 

Avenue and the start of the truck bypass route at SR-14 indicate that the outside lane is used exclusively 

by trucks. Because of this, the segment has been evaluated by two methods to determine an approach that 

best reflects the observed conditions. First, the segment was evaluated in the traditional manner as a four 

lane segment with the measured percentage of trucks. This method calculates LOS D for most time 

periods except south of Calgrove during the AM peak hour, which is indicated as LOS E. Second, the 

segment was evaluated as a three lane segment with the fourth lane serving as a truck climbing lane for 

approximately 80 percent of the trucks. This method indicates LOS E for each peak hour time period for 

the segment between Pico Canyon Road/Lyons Avenue and Calgrove Boulevard, and LOS F between 

Calgrove Boulevard and SR-14. This second method has been determined to be more consistent with the 

observed conditions. 
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Table 5:  LOS Summary - Existing Conditions 
 AM Peak Hour PM Peak Hour 
I-5 Segment Speed Density LOS Speed Density LOS 

Northbound 
Lake Hughes to Parker 70.0 5.2 A 70.0 9.9 A 
Parker to Hasley Canyon 70.0 6.7 A 70.0 11.9 B 
Hasley Canyon to SR-126 70.0 13.1 B 70.0 17.2 B 
SR-126 to Rye Canyon 70.0 13.9 B 70.0 17.0 B 
Rye Canyon to Magic Mountain 70.0 13.9 B 70.0 16.9 B 
Magic Mountain to Valencia 70.0 18.4 C 68.5 25.4 C 
Valencia to McBean 69.6 22.3 C 68.5 25.3 C 
McBean to Pico 69.1 24.0 C 65.4 30.2 D 
Pico to Calgrove 69.4 23.1 C 64.9 30.8 D 
Calgrove to Truck Route Bypass 69.5 22.9 C 65.3 30.3 D 
Truck Route Bypass to SR-14 Ramp (On) 69.9 20.5 C 63.3 32.8 D 
SR-14 Ramp (On) to SR-14 Ramp (Off) 70.0 18.3 C 68.0 26.2 D 

Southbound 
Lake Hughes to Parker 70.0 7.0 A 70.0 8.9 A 
Parker to Hasley Canyon 70.0 9.5 A 70.0 10.4 A 
Hasley Canyon to SR-126 70.0 9.1 A 70.0 12.7 B 
SR-126 to Rye Canyon 70.0 14.2 B 70.0 17.3 B 
Rye Canyon to Magic Mountain 70.0 17.4 B 69.6 22.3 C 
Magic Mountain to Valencia 70.0 19.5 C 68.8 24.7 C 
Valencia to McBean 69.1 24.1 C 64.7 31.1 D 
McBean to Pico 69.3 23.6 C 67.4 27.2 D 
Pico to Calgrove 61.1 35.5 E 58.6 38.3 E 
Calgrove to Truck Route Bypass <53.3 >45.0 F <53.3 >45.0 F 
Truck Route Bypass to SR-14 Ramp (On) 70.0 19.3 C 70.0 19.6 C 
SR-14 Ramp (On) to Balboa 70.0 24.7 C 69.3 23.4 C 
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3.0 PROJECT ANALYSIS - 2030 CONDITIONS 

The Santa Clarita Valley is a rapidly growing portion of the Southern California area. Southern 

California Regional Government (SCAG) projections for the Santa Clarita Valley are summarized in 

Table 6. The table shows that population is expected to increase by 103 percent and employment is 

expected to increase by 78 percent over the 28 year period between 1997 and 2025. 

 

The rapid growth noted above for the Santa Clarita Valley is due to significant amounts of 

ongoing new land use development that is anticipated to continue to occur as the valley builds out over 

the next 25 years. Table 7 summarizes land use and vehicle trip generation statistics for 2004 and buildout 

conditions. The table shows that Average Daily Traffic (ADT) generation within the Santa Clarita Valley 

is forecast to increase by 99 percent between present day and valley wide buildout. 

 
 
Table 6:  Demographic Projections – Santa Clarita Valley 

Demographic 1997 2025 
Total Growth 

1997-2025 
Percent Growth 

1997-2025 
Santa Clarita Population 175,529 356,861 181,332 103% 
Santa Clarita Employment 58,029 103,250 45,221 78% 
 
Source: SCAG Regional Forecasts, 2001 

 

 

Table 7:  Land Use and Trip Generation Projections - Santa Clarita Valley 
  

2004 
Long-Range Cumulative 

(Buildout) 
Land Use Type Units Amount ADT Amount ADT 
Single Family Residential DU 51,300 501,000 92,000 903,000 
Multi-Family Residential DU 25,600 203,000 54,800 423,000 
Commercial, Retail, Office & Industrial MSF 31.8 696,000 81.9 1,539,000 
Other - - 170,000 - 256,000 
Total - - 1,570,000 - 3,121,000 

(+99%) 
 
DU = Dwelling Unit 
MSF = Million Square Feet 
ADT = Average Daily Traffic 
 
Source: Santa Clarita Valley Consolidated Traffic Model (SCVCTM) Version 4.1 
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Future year traffic forecasts have been obtained from the Santa Clarita Valley Consolidated 

Traffic Model (SCVCTM). The SCVCTM was developed jointly by the County of Los Angeles 

Department of Public Works and the City of Santa Clarita and is the primary tool used by both agencies 

for transportation planning in this area. The model has the ability to provide traffic volume forecasts for 

multiple future year scenarios, including long-range cumulative (buildout) conditions for the Santa Clarita 

Valley. 

 

In addition to forecasting the theoretical buildout traffic demand, a special version of the 

SCVCTM has been prepared to reflect the actual flow of traffic volumes south of the I-5/SR-14 

confluence, which is constrained by the available (existing and planned) capacity for that heavily traveled 

section of freeway. The purpose of this constrained flow model is to provide a realistic peak hour volume 

for the freeway segments north of the I-5/SR-14 confluence by taking into account the geometric 

constraints that will determine the flow rates south of the interchange.   

 

A summary of 2030 (buildout) traffic volumes derived by the constrained flow model, for peak 

hour by direction and for ADT, is provided in Table 8. The corresponding peak period volumes for 

constrained flow conditions are provided in Table 9. An illustration of the peak hour mainline and ramp 

volumes is provided in Figure 2.   

 

Table 10 summarizes the peak hour and for ADT volumes for the unconstrained condition and 

Table 11 summarizes the comparable peak period forecasts. An illustration of the peak hour mainline and 

ramp volumes is provided in Figure 3. As noted above, the unconstrained volumes represent a theoretical 

demand for the facility, not taking into account the actual capacity available south of the I-5/SR-14 

confluence. A comparison of the two sets of forecasts indicates that the total daily volume of traffic south 

of the I-5/SR-14 confluence is similar for each scenario. Where differences occur is in the peak hours, 

which are most affected by the constraint. In practice, this reflects an adjustment to travel habits such as 

driving in the off-peak hours or using transit as an alternative to driving in the peak hour. 

 

For this analysis, no differentiation is made between build and no-build traffic volume forecasts 

since the I-5 freeway is the only viable option for north-south travel in and out of the Santa Clarita Valley. 

This is due to the lack of parallel facilities other than The Old Road, which itself has limited capacity for 

other than local traffic. Also, this approach more accurately demonstrates the true impact to the I-5 

corridor for a no-build scenario since it does not presume that freeway traffic will utilize local roadways 

as a bypass, which can result in understating the need for capacity enhancements. 
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Table 8:  Year 2030 (Santa Clarita Valley Buildout) Peak Hour Traffic Volumes – Constrained Flow Model 
 AM Peak Hour PM Peak Hour  
I-5 Segment SB NB SB NB ADT 
North of Parker Road 5,200 4,100 6,500 6,800 207,000 
Between Parker Road & Hasley Canyon Road 6,700 4,900 7,600 8,200 240,000 
Between Hasley Canyon Road & SR-126 7,200 6,500 9,100 8,700 251,000 
Between SR-126 & Rye Canyon Road 7,000 6,900 9,200 7,700 234,000 
Between Rye Canyon Road & Magic Mountain Parkway 7,200 6,900 10,100 7,700 255,000 
Between Magic Mountain Pkwy & Valencia Boulevard 7,300 7,100 9,800 7,900 263,000 
Between Valencia Boulevard & McBean Parkway 8,100 7,600 10,000 8,300 268,000 
Between McBean Pkwy & Lyons Ave./Pico Canyon Rd. 7,800 7,500 9,600 8,400 283,000 
Between Lyons Ave./Pico Canyon Rd. & Calgrove Blvd. 7,300 7,000 8,900 8,400 281,000 
Between Calgrove Boulevard & SR-14 7,400 6,400 8,800 8,200 290,000 
South of SR-14 17,700 9,200 11,500 16,700 617,000 
 
Source: SCVCTM Ver. 4.1 Year 2030 Constrained Flow Scenario with Centennial (12/27/06) 
 
 
Table 9:  Year 2030 (Santa Clarita Valley Buildout) Peak Period Traffic Volumes – Constrained Flow Model 
 AM Peak Period PM Peak Period  
I-5 Segment SB NB SB NB ADT 
North of Parker Road 15,300 11,400 24,100 26,200 207,000 
Between Parker Road & Hasley Canyon Road 19,700 13,600 28,100 31,500 240,000 
Between Hasley Canyon Road & SR-126 21,200 18,300 32,500 32,800 251,000 
Between SR-126 & Rye Canyon Road 20,600 19,700 31,700 28,500 234,000 
Between Rye Canyon Road & Magic Mountain Parkway 21,200 19,700 34,800 28,500 255,000 
Between Magic Mountain Pkwy & Valencia Boulevard 21,500 20,300 33,800 29,300 263,000 
Between Valencia Boulevard & McBean Parkway 23,800 22,000 35,100 31,300 268,000 
Between McBean Pkwy & Lyons Ave./Pico Canyon Rd. 22,900 22,100 34,300 32,300 283,000 
Between Lyons Ave./Pico Canyon Rd. & Calgrove Blvd. 21,500 20,600 31,800 32,300 281,000 
Between Calgrove Boulevard & SR-14 21,800 18,800 31,400 31,500 290,000 
South of SR-14 53,100 27,600 44,200 66,800 617,000 
 
AM Peak Period = 6 am – 9 am 
PM Peak Period = 3 pm – 7 pm 
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Table 10:  Year 2030 (Santa Clarita Valley Buildout) Peak Hour Traffic Volumes – Demand Model 
 AM Peak Hour PM Peak Hour  
I-5 Segment SB NB SB NB ADT 
North of Parker Road 5,700 4,400 7,200 7,600 207,000 
Between Parker Road & Hasley Canyon Road 7,200 5,300 8,300 9,100 241,000 
Between Hasley Canyon Road & SR-126 7,900 6,900 9,800 9,600 254,000 
Between SR-126 & Rye Canyon Road 7,900 7,300 10,300 8,900 242,000 
Between Rye Canyon Road & Magic Mountain Parkway 8,400 7,300 12,100 8,900 273,000 
Between Magic Mountain Pkwy & Valencia Boulevard 8,600 8,200 12,100 9,500 294,000 
Between Valencia Boulevard & McBean Parkway 9,600 9,100 13,000 10,300 312,000 
Between McBean Pkwy & Lyons Ave./Pico Canyon Rd. 9,500 9,500 12,300 10,500 322,000 
Between Lyons Ave./Pico Canyon Rd. & Calgrove Blvd. 9,500 9,400 11,900 10,900 324,000 
Between Calgrove Boulevard & SR-14 9,600 8,900 11,700 11,000 322,000 
South of SR-14 23,000 12,300 15,500 22,300 628,000 
 
Source: SCVCTM Ver. 4.1 Long-Range Cumulative Scenario with Centennial (11/3/06) 
 
 
Table 11:  Year 2030 (Santa Clarita Valley Buildout) Peak Period Traffic Volumes – Demand Model 
 AM Peak Period PM Peak Period  
I-5 Segment SB NB SB NB ADT 
North of Parker Road 15,400 11,600 25,700 27,100 207,000 
Between Parker Road & Hasley Canyon Road 19,500 13,900 29,600 32,500 241,000 
Between Hasley Canyon Road & SR-126 20,800 18,200 33,800 33,700 254,000 
Between SR-126 & Rye Canyon Road 20,300 19,200 34,300 30,700 242,000 
Between Rye Canyon Road & Magic Mountain Parkway 21,500 19,200 40,300 30,700 273,000 
Between Magic Mountain Pkwy & Valencia Boulevard 22,100 21,600 40,300 32,800 294,000 
Between Valencia Boulevard & McBean Parkway 24,900 23,900 44,100 36,100 312,000 
Between McBean Pkwy & Lyons Ave./Pico Canyon Rd. 25,000 25,000 42,400 37,500 322,000 
Between Lyons Ave./Pico Canyon Rd. & Calgrove Blvd. 25,000 24,700 41,000 38,900 324,000 
Between Calgrove Boulevard & SR-14 25,300 23,400 40,300 39,300 322,000 
South of SR-14 62,200 34,200 55,400 82,600 628,000 
 
AM Peak Period = 6 am – 9 am 
PM Peak Period = 3 pm – 7 pm 
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A summary of the HCS operational analysis for 2030 conditions is provided in Table 12 for the 

no-build scenario and in Table 13 inclusive of the proposed project. Based on this analysis, without the 

proposed project the I-5 freeway is forecast to operate primarily at LOS E and LOS F during the PM peak 

hour. During the AM peak hour, LOS is forecast to primarily range between LOS D and F, depending on 

segment. With the proposed project the maximum forecast LOS is E, which is indicated for three 

southbound segments during the PM peak hour. The remaining segments are forecast as primarily LOS C 

or D. HCS worksheets are provided in Appendix D. This analysis is based on allowing use of the HOV 

lanes for vehicles with occupancies of 2 or more persons. A limitation of a 3 or more persons per vehicle 

occupancy is discussed in Section 7.0. 

 

A summary of the HCS operational analysis for 2030 unconstrained (i.e., demand) conditions is 

provided in Table 14 for the no-build scenario and in Table 15 inclusive of the proposed project. Based on 

this analysis, without the proposed project the I-5 freeway is forecast to operate primarily at LOS F during 

the PM peak hour. During the AM peak hour, the LOS is forecast to primarily range between LOS E and 

F in the southbound direction and between LOS D and F in the northbound direction. With the proposed 

project, LOS F is forecast during the PM peak hour between Rye Canyon Road and the truck bypass route 

for the southbound direction and between McBean Parkway and Calgrove Boulevard in the northbound 

direction. LOS F is also forecast for several of the HOV lanes. For the remaining segments during the PM 

peak hour, the LOS is forecast to range between LOS D and E. During the AM peak hour, the LOS is 

forecast to primarily range between LOS C and E. HCS worksheets are provided in Appendix D. As 

noted above, this analysis is based on allowing use of the HOV lanes for vehicles with occupancies of 2 

or more persons. A limitation of a 3 or more persons per vehicle occupancy is discussed in Section 7.0. 
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Table 12:  LOS Summary – 2030 No-Build Conditions (Constrained Flow Model) 
 AM Peak Hour PM Peak Hour 
I-5 Segment Speed Density LOS Speed Density LOS 

Northbound 
Lake Hughes to Parker 70.0 17.1 B 65.2 30.4 D 
Parker to Hasley Canyon 70.0 20.1 C 54.9 42.9 E 
Hasley Canyon to SR-126 67.1 27.7 D <53.3 >45.0 F 
SR-126 to Rye Canyon 65.3 30.2 D 60.0 36.7 E 
Rye Canyon to Magic Mountain 65.3 30.2 D 60.0 36.7 E 
Magic Mountain to Valencia 64.2 31.6 D 58.3 38.8 E 
Valencia to McBean 60.8 35.8 E 54.3 43.8 E 
McBean to Pico 59.0 37.9 E <53.3 >45.0 F 
Pico to Calgrove 65.0 30.7 D 53.6 44.6 E 
Calgrove to Truck Route Bypass 67.7 26.8 D 56.1 41.4 E 
Truck Route Bypass to SR-14 Ramp (On) 69.6 22.5 C 56.2 41.3 E 
SR-14 Ramp (On) to SR-14 Ramp (Off) 69.8 21.4 C 63.9 32.0 D 

Southbound 
Lake Hughes to Parker 69.8 21.7 C 66.6 28.5 D 
Parker to Hasley Canyon 66.1 29.1 D 60.5 36.1 E 
Hasley Canyon to SR-126 63.6 32.4 D <53.3 >45.0 F 
SR-126 to Rye Canyon 64.8 30.9 D <53.3 >45.0 F 
Rye Canyon to Magic Mountain 63.6 32.4 D <53.3 >45.0 F 
Magic Mountain to Valencia 60.2 36.5 E <53.3 >45.0 F 
Valencia to McBean <53.3 >45.0 F <53.3 >45.0 F 
McBean to Pico 59.5 37.4 E <53.3 >45.0 F 
Pico to Calgrove <53.3 >45.0 F <53.3 >45.0 F 
Calgrove to Truck Route Bypass <53.3 >45.0 F <53.3 >45.0 F 
Truck Route Bypass to SR-14 Ramp (On) 69.8 21.7 C 66.8 28.3 D 
SR-14 Ramp (On) to Balboa 66.5 28.6 D 59.3 37.6 E 
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Table 13:  LOS Summary – 2030 Build Conditions (Constrained Flow Model) 
 Mixed Flow Lanes HOV Lane Truck Lane(s) 
 AM Peak Hour PM Peak Hour AM Peak Hour PM Peak Hour AM Peak Hour PM Peak Hour 
I-5 Segment Speed Density LOS Speed Density LOS D/C LOS D/C LOS D/C LOS D/C LOS 

Northbound 
Lake Hughes to Parker 70.0 17.1 B 65.2 30.4 D -- -- -- -- -- -- -- -- 
Parker to Hasley Canyon 70.0 16.1 B 66.4 28.7 D .49 A .79 C -- -- -- -- 
Hasley Canyon to SR-126 69.0 24.3 C 64.0 31.9 D .61 A .79 C -- -- -- -- 
SR-126 to Rye Canyon 69.3 23.5 C 68.2 25.8 C .61 A .77 C -- -- -- -- 
Rye Canyon to Magic Mtn 69.3 23.5 C 68.2 25.8 C .61 A .77 C -- -- -- -- 
Magic Mtn to Valencia 69.3 23.5 C 67.8 26.7 D .71 C .79 C -- -- -- -- 
Valencia to McBean 68.2 25.9 C 66.2 29.0 D .71 C .79 C -- -- -- -- 
McBean to Pico 67.7 26.8 D 63.6 32.4 D .71 C .75 C -- -- -- -- 
Pico to Calgrove 69.2 23.6 C 65.4 30.1 D .63 B .75 C -- -- -- -- 
Calgrove to Truck Rte Bypass 70.0 18.6 C 69.0 24.2 C .60 A .76 C .38 A .48 A 
Truck Route Bypass to SR-14 
Ramp (On) 70.0 16.2 B 68.2 26.0 D .60 A .76 C -- -- -- -- 
SR-14 Ramp (On) to SR-14 
Ramp (Off) 70.0 14.9 B 69.8 21.5 C .60 A .76 C -- -- -- -- 

Southbound 
Lake Hughes to Parker 69.8 21.7 C 66.6 28.5 D -- -- -- -- -- -- -- -- 
Parker to Hasley Canyon 69.7 22.1 C 68.4 25.6 C .67 B .76 C -- -- -- -- 
Hasley Canyon to SR-126 69.8 21.7 C 63.1 33.0 D .67 B .91 E -- -- -- -- 
SR-126 to Rye Canyon 69.3 23.4 C 62.6 33.7 D .67 B .92 E -- -- -- -- 
Rye Canyon to Magic Mtn 69.0 24.3 C 56.2 41.4 E .67 B .99 E -- -- -- -- 
Magic Mtn to Valencia 67.9 26.4 D 54.8 43.1 E .67 B .98 E -- -- -- -- 
Valencia to McBean 68.8 24.6 C 64.6 31.2 D .67 B .98 E -- -- -- -- 
McBean to Pico 67.3 27.4 D 60.4 36.2 E .67 B .96 E -- -- -- -- 
Pico to Calgrove 69.8 21.3 C 67.7 26.7 D .68 B .83 D .44 A .53 A 
Calgrove to Truck Route Bypass 
(1 Truck Lane) 69.2 23.7 C 65.7 29.7 D .67 B .80 C .58 A .69 B 
Calgrove to Truck Route Bypass 
(2 Truck Lanes) 69.9 20.8 C 68.5 25.3 C .67 B .80 C .29 A .35 A 
Truck Route Bypass to SR-14 
Ramp (On) 70.0 16.4 B 69.9 20.8 C .67 B .80 C -- -- -- -- 

SR-14 Ramp (On) to Balboa 69.9 20.3 C 69.1 23.9 C .67 B .80 C -- -- -- -- 
D/C calculations based on LOS E/F threshold of 2,000 veh/hr (HOV Lanes) and 1,200 veh/hr (Truck Lanes). 
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Table 14:  No-Build Conditions (Demand Model) 
 AM Peak Hour PM Peak Hour 
I-5 Segment Speed Density LOS Speed Density LOS 

Northbound 
Lake Hughes to Parker 70.0 18.3 C 59.6 37.2 E 
Parker to Hasley Canyon 69.7 22.0 C <53.3 >45.0 F 
Hasley Canyon to SR-126 65.3 30.2 D <53.3 >45.0 F 
SR-126 to Rye Canyon 63.0 33.2 D <53.3 >45.0 F 
Rye Canyon to Magic Mountain 63.0 33.2 D <53.3 >45.0 F 
Magic Mountain to Valencia 55.7 41.9 E <53.3 >45.0 F 
Valencia to McBean <53.3 >45.0 F <53.3 >45.0 F 
McBean to Pico <53.3 >45.0 F <53.3 >45.0 F 
Pico to Calgrove <53.3 >45.0 F <53.3 >45.0 F 
Calgrove to Truck Route Bypass <53.3 >45.0 F <53.3 >45.0 F 
Truck Route Bypass to SR-14 Ramp (On) 60.8 35.7 E <53.3 >45.0 F 
SR-14 Ramp (On) to SR-14 Ramp (Off) 65.2 30.4 D <53.3 >45.0 F 

Southbound 
Lake Hughes to Parker 69.1 24.1 C 62.7 33.5 D 
Parker to Hasley Canyon 63.2 32.9 D 53.4 44.9 E 
Hasley Canyon to SR-126 58.3 38.8 E <53.3 >45.0 F 
SR-126 to Rye Canyon 58.3 38.8 E <53.3 >45.0 F 
Rye Canyon to Magic Mountain <53.3 >45.0 F <53.3 >45.0 F 
Magic Mountain to Valencia <53.3 >45.0 F <53.3 >45.0 F 
Valencia to McBean <53.3 >45.0 F <53.3 >45.0 F 
McBean to Pico <53.3 >45.0 F <53.3 >45.0 F 
Pico to Calgrove <53.3 >45.0 F <53.3 >45.0 F 
Calgrove to Truck Route Bypass <53.3 >45.0 F <53.3 >45.0 F 
Truck Route Bypass to SR-14 Ramp (On) 65.6 29.9 D <53.3 >45.0 F 
SR-14 Ramp (On) to Balboa <53.3 >45.0 F <53.3 >45.0 F 
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Table 15:  LOS Summary – 2030 Build Conditions (Demand Model) 
 Mixed Flow Lanes HOV Lane Truck Lane(s) 
 AM Peak Hour PM Peak Hour AM Peak Hour PM Peak Hour AM Peak Hour PM Peak Hour 
I-5 Segment Speed Density LOS Speed Density LOS D/C LOS D/C LOS D/C LOS D/C LOS 

Northbound 
Lake Hughes to Parker 70.0 18.3 C 59.6 37.2 E -- -- -- -- -- -- -- -- 
Parker to Hasley Canyon 70.0 17.5 B 62.4 33.9 D .53 A .89 D -- -- -- -- 
Hasley Canyon to SR-126 69.5 22.7 C 64.1 31.8 D .69 B .89 D -- -- -- -- 
SR-126 to Rye Canyon 68.8 24.6 C 64.1 31.8 D .69 B .89 D -- -- -- -- 
Rye Canyon to Magic Mtn 68.8 24.6 C 64.1 31.8 D .69 B .89 D -- -- -- -- 
Magic Mtn to Valencia 67.0 27.9 D 61.1 35.4 E .82 D .95 E -- -- -- -- 
Valencia to McBean 62.1 34.2 D 53.6 44.6 E .82 D .95 E -- -- -- -- 
McBean to Pico 55.2 42.6 E <53.3 >45.0 F .81 D 1.00 E -- -- -- -- 
Pico to Calgrove 59.6 37.3 E <53.3 >45.0 F .81 C 1.00 E -- -- -- -- 
Calgrove to Truck Rte Bypass 67.7 26.8 D 58.9 38.1 E .83 D 1.02 F .53 A .65 B 
Truck Route Bypass to SR-14 
Ramp (On) 69.5 22.7 C 54.1 44.0 E .83 D 1.02 F -- -- -- -- 
SR-14 Ramp (On) to SR-14 
Ramp (Off) 70.0 19.8 C 64.7 31.0 D .83 D 1.02 F -- -- -- -- 

Southbound 
Lake Hughes to Parker 69.1 24.1 C 62.7 33.5 D -- -- -- -- -- -- -- -- 
Parker to Hasley Canyon 69.1 24.1 C 66.3 29.0 D .72 C .83 D -- -- -- -- 
Hasley Canyon to SR-126 67.3 27.5 D 58.8 38.2 E .72 C .98 E -- -- -- -- 
SR-126 to Rye Canyon 67.3 27.5 D 58.8 38.2 E .72 C 1.03 F -- -- -- -- 
Rye Canyon to Magic Mtn 64.9 30.8 D <53.3 >45.0 F .72 C 1.03 F -- -- -- -- 
Magic Mtn to Valencia 63.8 32.2 D <53.3 >45.0 F .86 D 1.03 F -- -- -- -- 
Valencia to McBean 65.5 30.0 D <53.3 >45.0 F .86 D 1.06 F -- -- -- -- 
McBean to Pico 59.6 37.2 E <53.3 >45.0 F .86 D 1.06 F -- -- -- -- 
Pico to Calgrove 66.0 29.3 D <53.3 >45.0 F .88 D 1.09 F .57 A .72 C 
Calgrove to Truck Route Bypass 
(1 Truck Lane) 61.9 34.5 D <53.3 >45.0 F .86 D 1.06 F .75 C .92 E 
Calgrove to Truck Route Bypass 
(2 Truck Lanes) 66.6 28.4 D 57.0 40.4 E .86 D 1.06 F .38 A .46 A 
Truck Route Bypass to SR-14 
Ramp (On) 69.8 21.4 C 66.1 29.2 D .86 D 1.06 F -- -- -- -- 
SR-14 Ramp (On) to Balboa 67.4 27.3 D 60.2 36.5 E .86 D 1.06 F -- -- -- -- 
D/C calculations based on LOS E/F threshold of 2,000 veh/hr (HOV Lanes) and 1,200 veh/hr (Truck Lanes). 
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4.0 EARLY IMPLEMENTATION PROJECTS ANALYSIS – 2010 
CONDITIONS 

Mainline freeway traffic volume forecasts for year 2010 conditions are summarized in Table 16 

for the peak hour and ADT. Table 17 summaries the comparable peak period volumes. These forecasts 

are utilized to evaluate opening day conditions for the EIPs, which are expected to be completed around 

2009 or 2010. 

 

Truck Climbing Lane 

 

A truck climbing lane is proposed to be added to the existing four lane southbound facility. Two 

segments have been analyzed:  1) between Pico Canyon Road/Lyons Avenue and Calgrove Boulevard 

and 2) between Calgrove Boulevard and SR-14. 

 

A detailed evaluation of the EIP truck climbing lane was prepared in June 2007 by DMJM Harris 

(see Appendix C.) As with the project analysis discussed in previous sections, an HCM LOS analysis was 

used to compare the impacts of the study scenarios. The approach of the analysis was to assume that one 

lane was not usable by passenger cars because of slow moving trucks (see discussion in Section 2.0). The 

analysis was done by subtracting 80% of the trucks from the volume and subtracting one lane, which 

results in a three lane freeway segment analysis with two percent trucks. As noted previously, the analysis 

based on this methodology has been determined to be the most representative of the observed existing 

conditions.  

 

The results of the analysis of adding the truck lane to southbound I-5 is provided in Table 18. The 

addition of a truck lane is forecast to improve the peak hour operating conditions in 2010 from LOS E and 

F to LOS C and D. The single truck lane is expected to operate at an acceptable LOS based on an 

anticipated truck flow rate of approximately 410 trucks per hour. 
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Table 16:  Year 2010 – Early Implementation Project Opening Day Peak Hour Forecasts 
 AM Peak Hour PM Peak Hour  
I-5 Segment SB NB SB NB ADT 
North of Parker Road 2,400 1,900 3,000 3,400 100,000 
Between Parker Road & Hasley Canyon Road 3,400 2,300 3,500 4,400 122,000 
Between Hasley Canyon Road & SR-126 4,200 3,400 4,600 5,000 138,000 
Between SR-126 & Rye Canyon Road 4,100 4,400 5,400 4,900 146,000 
Between Rye Canyon Road & Magic Mountain Parkway 4,600 4,400 6,600 4,900 160,000 
Between Magic Mountain Pkwy & Valencia Boulevard 4,800 5,300 6,500 5,700 176,000 
Between Valencia Boulevard & McBean Parkway 5,600 6,100 7,100 6,400 194,000 
Between McBean Pkwy & Lyons Ave./Pico Canyon Rd. 5,800 6,200 7,100 6,800 204,000 
Between Lyons Ave./Pico Canyon Rd. & Calgrove Blvd. 6,400 6,000 6,800 7,100 206,000 
Between Calgrove Boulevard & SR-14 6,600 5,800 6,800 7,100 214,000 
South of SR-14 13,800 7,700 9,500 13,900 394,000 
 
Source: SCVCTM Ver. 4.1 
 
 
Table 17:  Year 2010 – Early Implementation Project Opening Day Peak Period Forecasts 
 AM Peak Period PM Peak Period  
I-5 Segment SB NB SB NB ADT 
North of Parker Road 6,300 5,000 10,300 11,700 100,000 
Between Parker Road & Hasley Canyon Road 8,900 6,100 12,100 15,200 122,000 
Between Hasley Canyon Road & SR-126 11,100 8,900 15,900 17,200 138,000 
Between SR-126 & Rye Canyon Road 10,800 11,600 18,600 16,900 146,000 
Between Rye Canyon Road & Magic Mountain Parkway 12,100 11,600 22,800 16,900 160,000 
Between Magic Mountain Pkwy & Valencia Boulevard 12,600 13,900 22,400 19,700 176,000 
Between Valencia Boulevard & McBean Parkway 14,700 16,100 24,500 22,100 194,000 
Between McBean Pkwy & Lyons Ave./Pico Canyon Rd. 15,300 16,300 24,500 23,400 204,000 
Between Lyons Ave./Pico Canyon Rd. & Calgrove Blvd. 16,800 15,800 23,400 24,500 206,000 
Between Calgrove Boulevard & SR-14 17,400 15,300 23,400 24,500 214,000 
South of SR-14 36,300 20,300 32,800 47,900 394,000 
 
AM Peak Period = 6 am – 9 am 
PM Peak Period = 3 pm – 7 pm 
 
 



 
 

I-5 PA&ED HOV & Truck Lanes – SR-14 to Parker Road 22 Austin-Foust Associates, Inc. 
Traffic Study  1044001rpt2.doc 

 
Table 18:  EIP Southbound Truck Lane Addition LOS Analysis Results 

Freeway Section 
SB Between Lyons Ave  

& Calgrove Blvd 
SB Between Calgrove Blvd 

& SR-14 
Peak Hour AM PM AM PM 

LOS E E F F 
Density (pc/mi/ln) 35.5 38.3 >45.0 >45.0 2006 Existing 
Ave pc Speed (mph) 61.1 58.6 <53.3 <53.3 
LOS E E F F 
Density (pc/mi/ln) 36.4 43.3 >45.0 >45.0 2010 No 

Improvements Ave pc Speed (mph) 60.3 54.6 <53.3 <53.3 
LOS C D D D 
Density (pc/mi/ln) 23.8 26.1 27.5 29.3 2010 With Truck 

Lane Ave pc Speed (mph) 69.2 68.1 67.3 66.0 
 
 

HOV Lane Extension 

 

An extension of the northbound HOV lane is proposed in order to continue the HOV lane 

currently under construction north to the summit, which is just after the merge point of the existing truck 

bypass route. Two segments have been analyzed:  1) between the off-ramp to SR-14 northbound and the 

on-ramp from SR-14 southbound and 2) between on-ramp from SR-14 southbound and the truck bypass 

route on-ramp. 

 

A detailed evaluation of the EIP HOV lane extension was prepared in June 2007 by DMJM 

Harris (see Appendix C.) As with the other analyses, an HCM LOS analysis was used to compare the 

effect of extending the HOV lane. The approach of the analysis was to evaluate the build scenario as a 

four lane freeway even though the added lane was a HOV lane. Based on the number of vehicles eligible 

to use the HOV lane (see discussion in Section 2.0), a relatively even lane utilization is anticipated. Also, 

since this represents the final segment of the northbound HOV lane, HOVs will not be separated from the 

mixed flow lanes. As such, the segment will operate more like a four lane freeway segment than a three 

lane freeway with a separate HOV lane. 

 

Table 19 provides the results of the analysis of extending the northbound HOV lane to the summit 

just past the truck route merge point. The extension of the HOV lane is forecast to improve the peak hour 

operating conditions of this segment in 2010 from LOS C to LOS B in the AM peak hour and from LOS 

D to LOS C in the PM peak hour.  
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Table 19:  EIP Northbound HOV Lane Extension LOS Analysis Results 

Freeway Section 

NB Between Off-Ramp to 
NB SR-14 & On-Ramp 

From SR-14 SB 

NB Between On-Ramp 
From SR-14 SB 

& Truck Route On-Ramp 
Peak Hour AM PM AM PM 

LOS B C C D 
Density (pc/mi/ln) 17.8 25.4 19.5 30.2 2006 Existing 
Ave pc Speed (mph) 70.0 68.5 70.0 65.3 
LOS C C C D 
Density (pc/mi/ln) 18.6 25.9 20.4 30.9 2010 No 

Improvements Ave pc Speed (mph) 70.0 68.2 69.9 64.8 
LOS B C B C 
Density (pc/mi/ln) 13.9 18.9 15.3 21.5 2010 With HOV 

Lane Extension Ave pc Speed (mph) 70.0 70.0 70.0 69.8 
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5.0 FULL PROJECT OPENING DAY ANALYSIS – 2015 CONDITIONS 

Table 20 summarizes the peak hour and ADT traffic volume forecasts for year 2015 conditions 

and Table 21 summarizes the comparable peak period volumes. These forecasts are utilized to evaluate 

the full project, which is expected to be completed around 2014 or 2015. 

 

A summary of the HCS operational analysis for 2015 conditions is provided in Table 22 for the 

no-build scenario and in Table 23 inclusive of the proposed project. Based on this analysis, without the 

proposed project the I-5 freeway is forecast to operate at LOS F for two southbound segments during the 

PM peak hour. The remaining segments are forecast to operate primarily between LOS D and E during 

the PM peak hour. During the AM peak hour, LOS is forecast to primarily range between LOS C and D, 

with the exception of the southbound segments between Pico Canyon Road/Lyons Avenue and the start of 

the truck bypass route at SR-14, which are forecast to operate at LOS E. With the proposed project the 

maximum forecast LOS is D, which is indicated for three southbound segments during the PM peak hour. 

The remaining segments are forecast as primarily LOS B or C. HCS worksheets are provided in Appendix 

D. 
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Table 20:  Year 2015 – Full Project Opening Day Peak Hour Forecasts 
 AM Peak Hour PM Peak Hour  
I-5 Segment SB NB SB NB ADT 
North of Parker Road 3,300 2,700 4,100 4,700 137,000 
Between Parker Road & Hasley Canyon Road 4,700 3,100 4,700 6,100 163,000 
Between Hasley Canyon Road & SR-126 5,300 4,800 6,400 6,500 179,000 
Between SR-126 & Rye Canyon Road 4,900 5,600 6,800 5,800 171,000 
Between Rye Canyon Road & Magic Mountain Parkway 5,100 5,600 8,100 5,800 191,000 
Between Magic Mountain Pkwy & Valencia Boulevard 5,400 6,200 7,800 6,200 203,000 
Between Valencia Boulevard & McBean Parkway 6,100 7,000 8,200 6,800 216,000 
Between McBean Pkwy & Lyons Ave./Pico Canyon Rd. 5,900 6,900 8,000 7,000 226,000 
Between Lyons Ave./Pico Canyon Rd. & Calgrove Blvd. 6,600 6,500 7,400 7,300 220,000 
Between Calgrove Boulevard & SR-14 6,700 6,100 7,400 7,200 229,000 
South of SR-14 14,500 8,200 9,900 14,100 471,000 
 
Source: SCVCTM Ver. 4.1 
 
 
Table 21:  Year 2015 – Full Project Opening Day Peak Period Forecasts 
 AM Peak Period PM Peak Period  
I-5 Segment SB NB SB NB ADT 
North of Parker Road 8,700 7,100 14,100 16,200 137,000 
Between Parker Road & Hasley Canyon Road 12,400 8,200 16,200 21,000 163,000 
Between Hasley Canyon Road & SR-126 13,900 12,600 22,100 22,400 179,000 
Between SR-126 & Rye Canyon Road 12,900 14,700 23,400 20,000 171,000 
Between Rye Canyon Road & Magic Mountain Parkway 13,400 14,700 27,900 20,000 191,000 
Between Magic Mountain Pkwy & Valencia Boulevard 14,200 16,300 26,900 21,400 203,000 
Between Valencia Boulevard & McBean Parkway 16,100 18,400 28,300 23,400 216,000 
Between McBean Pkwy & Lyons Ave./Pico Canyon Rd. 15,500 18,200 27,600 24,100 226,000 
Between Lyons Ave./Pico Canyon Rd. & Calgrove Blvd. 17,400 17,100 25,500 25,200 220,000 
Between Calgrove Boulevard & SR-14 17,600 16,100 25,500 24,800 229,000 
South of SR-14 38,200 21,600 34,100 48,600 471,000 
 
AM Peak Period = 6 am – 9 am 
PM Peak Period = 3 pm – 7 pm 
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Table 22:  LOS Summary – 2015 No-Build Conditions 
 AM Peak Hour PM Peak Hour 
I-5 Segment Speed Density LOS Speed Density LOS 

Northbound 
Lake Hughes to Parker 70.0 11.2 B 70.0 19.6 C 
Parker to Hasley Canyon 70.0 12.8 B 68.3 25.8 C 
Hasley Canyon to SR-126 70.0 19.7 C 67.0 27.9 D 
SR-126 to Rye Canyon 69.4 23.2 C 69.0 24.2 C 
Rye Canyon to Magic Mountain 69.4 23.2 C 69.0 24.2 C 
Magic Mountain to Valencia 68.0 26.2 D 68.0 26.2 D 
Valencia to McBean 64.8 30.9 D 65.8 29.6 D 
McBean to Pico 63.6 32.3 D 63.0 33.2 D 
Pico to Calgrove 67.2 27.5 D 63.2 32.9 D 
Calgrove to Truck Route Bypass 68.6 25.2 C 64.0 31.9 D 
Truck Route Bypass to SR-14 Ramp (On) 69.8 21.3 C 69.7 21.9 C 
SR-14 Ramp (On) to SR-14 Ramp (Off) 69.9 20.4 C 67.9 26.5 D 

Southbound 
Lake Hughes to Parker 70.0 13.7 B 70.0 17.1 B 
Parker to Hasley Canyon 70.0 19.4 C 70.0 19.4 C 
Hasley Canyon to SR-126 69.7 21.9 C 67.4 27.3 D 
SR-126 to Rye Canyon 70.0 20.1 C 65.7 29.8 D 
Rye Canyon to Magic Mountain 69.9 21.0 C 56.0 41.6 E 
Magic Mountain to Valencia 69.2 23.7 C 54.5 43.5 E 
Valencia to McBean 66.4 28.8 D <53.3 >45.0 F 
McBean to Pico 68.9 24.4 C 57.7 39.5 E 
Pico to Calgrove 59.6 37.2 E <53.3 >45.0 F 
Calgrove to Truck Route Bypass <53.3 >45.0 F <53.3 >45.0 F 
Truck Route Bypass to SR-14 Ramp (On) 70.0 19.6 C 62.4 33.8 D 
SR-14 Ramp (On) to Balboa 68.6 25.1 C 70.0 20.1 C 
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Table 23:  LOS Summary – 2015 Build Conditions 
 Mixed Flow Lanes HOV Lane Truck Lane(s) 
 AM Peak Hour PM Peak Hour AM Peak Hour PM Peak Hour AM Peak Hour PM Peak Hour 
I-5 Segment Speed Density LOS Speed Density LOS D/C LOS D/C LOS D/C LOS D/C LOS 

Northbound 
Lake Hughes to Parker 70.0 11.2 B 70.0 19.6 C -- -- -- -- -- -- -- -- 
Parker to Hasley Canyon 70.0 10.2 A 69.9 20.4 C .31 A .58 A -- -- -- -- 
Hasley Canyon to SR-126 70.0 15.8 B 69.7 22.0 C .48 A .58 A -- -- -- -- 
SR-126 to Rye Canyon 70.0 19.1 C 70.0 19.1 C .48 A .58 A -- -- -- -- 
Rye Canyon to Magic Mtn 70.0 19.1 C 70.0 19.1 C .48 A .58 A -- -- -- -- 
Magic Mtn to Valencia 69.9 20.4 C 69.9 20.4 C .62 B .62 B -- -- -- -- 
Valencia to McBean 69.2 23.8 C 69.6 22.5 C .62 B .67 B -- -- -- -- 
McBean to Pico 68.9 24.5 C 68.9 24.5 C .62 B .67 B -- -- -- -- 
Pico to Calgrove 69.7 21.9 C 68.8 24.7 C .57 A .67 B -- -- -- -- 
Calgrove to Truck Rte Bypass 70.0 17.8 B 69.9 21.0 C .57 A .67 B .36 A .43 A 
Truck Route Bypass to SR-14 
Ramp (On) 70.0 15.5 B 70.0 16.7 B .57 A .67 B -- -- -- -- 
SR-14 Ramp (On) to SR-14 Ramp 
(Off) 70.0 14.3 B 70.0 18.8 C .57 A .67 B -- -- -- -- 

Southbound 
Lake Hughes to Parker 70.0 13.7 B 70.0 17.1 B -- -- -- -- -- -- -- -- 
Parker to Hasley Canyon 70.0 15.5 B 70.0 15.5 B .47 A .47 A -- -- -- -- 
Hasley Canyon to SR-126 70.0 17.9 B 69.9 21.1 C .47 A .64 B -- -- -- -- 
SR-126 to Rye Canyon 70.0 16.3 B 70.0 22.8 C .47 A .64 B -- -- -- -- 
Rye Canyon to Magic Mtn 70.0 17.1 B 65.6 29.9 D .47 A .64 B -- -- -- -- 
Magic Mtn to Valencia 70.0 18.8 C 65.5 30.0 D .54 A .67 B -- -- -- -- 
Valencia to McBean 70.0 17.6 B 68.7 25.0 C .59 A .67 B -- -- -- -- 
McBean to Pico 70.0 19.2 C 66.6 28.5 D .59 A .67 B -- -- -- -- 
Pico to Calgrove 70.0 19.2 C 69.8 21.7 C .61 A .67 B .40 A .44 A 
Calgrove to Truck Route Bypass 
(1 Truck Lane) 69.8 21.3 C 69.2 23.7 C .61 A .67 B .53 A .58 A 
Calgrove to Truck Route Bypass  
(2 Truck Lanes) 70.0 18.8 C 69.9 20.8 C .61 A .67 B .26 A .29 A 
Truck Route Bypass to SR-14 
Ramp (On) 70.0 14.9 B 69.3 23.5 C .61 A .67 B -- -- -- -- 
SR-14 Ramp (On) to Balboa 70.0 18.3 C 70.0 14.9 B .61 A .67 B -- -- -- -- 
D/C calculations based on LOS E/F threshold of 2,000 veh/hr (HOV Lanes) and 1,200 veh/hr (Truck Lanes). 
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6.0 ACCIDENT RATES 

A summary of accident rates for the project area is provided in Table 24 with a comparison to the 

statewide average. This data, which is for the twelve month period of April 2005 through March 2006, 

indicates that the study area has a total accident rate lower than the statewide average but a higher rate of 

fatal accidents than the statewide average. 

 

 

Table 24:  Accident Rate Summary - April 2005 through March 2006 
   Segment Accident Rates Statewide Accident Rates 

PostMile Name MVM 
Fatal 

Accidents 
Fatal + 
Injury 

Total 
Accidents 

Fatal 
Accidents 

Fatal + 
Injury 

Total 
Accidents 

Northbound 
R45.500 - 
R59.299 

Jct. Rte 14 to 
Lake Hughes Rd 381.05 .011 .150 .500 .005 .290 .890 

Southbound 
R45.500 - 
R59.299 

Jct. Rte 14 to 
Lake Hughes Rd 381.05 .008 .230 .660 .005 .290 .890 

 

 

7.0 3+ OCCUPANCY HOV LANE SCENARIO 

The operational analyses discussed in previous sections are based on allowing use of the HOV 

lanes for vehicles with occupancies of 2 or more persons. A limitation of a 3 or more persons per vehicle 

occupancy would reduce the amount of vehicles eligible to use the HOV lanes and would result in 

improved levels of service for the HOV lanes, but reduced levels of service for the mixed flow lanes. 

 

The vehicle occupancy survey presented in Section 2.0 shows how 27 percent of existing vehicles 

are eligible to use a 2+ persons per vehicle HOV lane and that just 6 percent of existing vehicles are 

eligible to use a 3+ persons per vehicle HOV lane. With a 2+ persons per vehicle configuration, the 

forecast traffic volumes for 2030 conditions indicate that during the critical peak hour, LOS E conditions 

would occur for both the mixed flow lanes and the HOV lanes. With a 3+ persons per vehicle 

configuration, the volume of eligible vehicles reduces to approximately 30 percent of the HOV lane 

capacity (i.e., LOS A conditions), resulting in improved HOV lane levels of service. However, this also 

results in more vehicles using the mixed flow lanes. With these additional vehicles the volumes in the 

mixed flow lanes would exceed capacity and LOS F conditions in the mixed flow lanes would result. 
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8.0 TWO SOUTHBOUND TRUCK LANES SCENARIO 

Consideration has been given to constructing two truck lanes in the uphill portion of southbound 

I-5 between Calgrove Boulevard and SR-14. The LOS Summary Tables presented in Section 3.0 present 

the results of both a single truck lane analysis and this two truck lane analysis. The analysis indicates that 

providing two truck lanes improves the LOS of the mixed flow lanes by one level of service (from D to C 

for constrained flow conditions and from F to E for demand conditions), and improves the LOS of the 

truck lanes by one level of service (from B to A) for constrained flow conditions and by four levels of 

service (from E to A) for demand conditions. 

 

A single truck lane in the uphill grade section is only able to accommodate the slowest trucks 

since the faster (e.g., unloaded) trucks will use the outside mixed flow lane to pass the slower trucks. 

Observed conditions indicate that due to the grade the faster trucks travel at a speed slower than the free-

flow speed of passenger vehicles, thus reducing the average speeds in the mixed flow lanes. Providing 

two truck lanes would allow the faster trucks to pass the slower trucks without impacting the adjacent 

mixed flow lanes and improved levels of service for both the trucks and the vehicles in the mixed flow 

lanes will result. 

 

9.0 SPECIAL ISSUES 

9.1 HOV LANE CONFIGURATION  
 

The HOV component of the project is anticipated to consist of buffer-separated HOV facilities; 

however the geometric design alternatives do not preclude the implementation of continuous 

ingress/egress or High Occupancy Toll (HOT) lanes. The location and number of ingress/egress points 

will be determined at a later stage of design and if a buffer-separated facility is implemented, a minimum 

ingress/egress length of 1,300 feet will be required.  

 

Barrier-separated HOV facilities are not being proposed and, as such, a separate HOV weave lane 

is not mandatory. For buffer-separated facilities, an HOV weave lane is optional but would require 

additional lateral space in order to be implemented. 
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9.2 DIRECT HOV CONNECTOR – NORTHBOUND I-5 TO WESTBOUND SR-126 
 
 

As noted in previous sections, the proposed HOV lanes extend north of the existing SR-126 

interchange. The need for a direct connector between northbound I-5 and westbound SR-126 has been 

evaluated based on the anticipated volume of HOVs making this movement. 

 

Traffic forecasts from the SCVCTM indicate the northbound I-5 to westbound SR-126 movement 

will remain relatively consistent over time with a peak volume of approximately 1,000 vehicles per hour 

(vph). This movement is not projected to increase due largely to the significant amount of new roadway 

construction (e.g., Magic Mountain Parkway, Valencia Boulevard, and Commerce Center Drive) along 

with the new interchange at Hasley Canyon Road (just north of the SR-126 interchange) that will provide 

access to the western portion of the Santa Clarita Valley.  

 

Based on the average vehicle occupancies noted previously in Table 3, which indicate 

approximately 27% of the vehicles in this corridor being eligible to use an HOV lane, the demand for a 

direct connector is a peak of approximately 270 vph. The High Occupancy Vehicle Guidelines (2003 

Edition) make note of a 500 vph threshold for providing direct HOV connectors and, as such, there does 

not appear to be a sufficient demand for a direct connector at this location. 

 

9.3 AUXILIARY LANES AS AN EIP 
 

Full auxiliary lanes are proposed between the following interchanges:  1) northbound direction 

between Valencia Boulevard and Magic Mountain Parkway, 2) southbound direction between Valencia 

Boulevard and McBean Parkway, and 3) northbound direction between Calgrove Boulevard and Pico 

Canyon Road/Lyons Avenue. These auxiliary lanes would provide benefit as stand alone projects and 

could potentially be implemented prior to the construction of the full project if funding is limited.  
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APPENDIX A 
I-5 FREEWAY – 2006 COUNT SUMMARY  

 



I-5 Freeway - 2006 Count Summary
I-5 SOUTHBOUND I-5 NORTHBOUND  

COUNT %ADT COUNT %ADT TOTAL
LOCATION AM Pk Hr PM Pk Hr SB ADT AM PM LOCATION AM Pk Hr PM Pk Hr NB ADT AM PM ADT

S/B MAINLINE 1,330 1,970 32,490 4% 6% N/B MAINLINE 1,210 2,020 32,300 4% 6% 64,790
Lake Hughes SB OFF 160 210 4,800 3% 4% Lake Hughes NB ON 230 350 7,310 3% 5%
Lake Hughes SB ON 430 280 6,500 7% 4% Lake Hughes NB OFF 210 580 6,090 3% 10%

S/B MAINLINE 1,600 2,040 34,190 5% 6% N/B MAINLINE 1,190 2,250 31,080 4% 7% 65,270
Parker SB ON 610 380 7,200 8% 5% Parker NB OFF 380 540 10,960 3% 5%

S/B MAINLINE 2,210 2,420 41,390 5% 6% N/B MAINLINE 1,570 2,790 42,040 4% 7% 83,430
Hasley Canyon SB OFF 110 100 1,800 6% 6% Hasley Canyon NB ON 80 200 2,130 4% 9%
Hasley Canyon SB ON 1,010 690 9,670 10% 7% Hasley Canyon NB OFF 680 1,030 10,560 6% 10%

S/B MAINLINE 3,110 3,010 49,260 6% 6% N/B MAINLINE 2,170 3,620 50,470 4% 7% 99,730
SR-126 SB OFF 350 270 4,000 9% 7% SR-126 NB DIRECT ON 150 370 3,540 4% 10%
SR-126 SB DIRECT ON 650 1,220 13,600 5% 9% SR-126 NB LOOP ON 80 210 3,860 2% 5%
SR-126 SB LOOP ON 10 190 2,000 1% 10% SR-126 NB OFF 1,240 620 12,690 10% 5%

S/B MAINLINE 3,420 4,150 60,860 6% 7% N/B MAINLINE 3,340 4,080 63,480 5% 6% 124,340
Old Road/Rye Cyn SB OFF 280 170 4,100 7% 4%
Old Road/Rye Cyn SB ON 1,060 1,370 13,400 8% 10%

S/B MAINLINE 4,200 5,350 70,160 6% 8% N/B MAINLINE 3,340 4,080 63,480 5% 6% 133,640
Magic Mountain SB OFF 350 430 5,500 6% 8% Magic Mountain NB ON 310 500 8,020 4% 6%
Magic Mountain SB ON 640 680 11,900 5% 6% Magic Mountain NB OFF 1,460 1,690 24,460 6% 7%

S/B MAINLINE 4,490 5,600 76,560 6% 7% N/B MAINLINE 4,490 5,270 79,920 6% 7% 156,480
Valencia SB OFF 450 300 4,320 10% 7% Valencia NB LOOP ON 250 250 2,840 9% 9%
Valencia SB DIRECT ON 430 120 4,100 10% 3%
Valencia SB LOOP ON 840 1,000 10,760 8% 9% Valencia NB OFF 1,190 1,030 14,820 8% 7%

S/B MAINLINE 5,310 6,420 87,100 6% 7% N/B MAINLINE 5,430 6,050 91,900 6% 7% 179,000
Stevenson Ranch SB OFF 190 520 3,600 5% 14% McBean NB DIRECT ON 100 130 1,470 7% 9%
Stevenson Ranch SB DIRECT O 390 90 3,720 10% 2% McBean NB LOOP ON 120 130 2,280 5% 6%
Stevenson Ranch SB LOOP ON 220 460 6,200 4% 7% McBean NB OFF 350 820 7,810 4% 10%

S/B MAINLINE 5,730 6,450 93,420 6% 7% N/B MAINLINE 5,560 6,610 95,960 6% 7% 189,380
Pico/Lyons SB OFF 480 580 7,800 6% 7% Lyons NB ON 500 690 9,030 6% 8%
Pico/Lyons SB LOOP ON 450 270 4,650 10% 6%
Pico/Lyons SB DIRCT ON 620 320 7,300 8% 4% Lyons NB OFF 560 1,100 14,920 4% 7%

S/B MAINLINE 6,320 6,460 97,570 6% 7% N/B MAINLINE 5,620 7,020 101,850 6% 7% 199,420
Calgrove SB OFF 260 240 2,550 10% 9% Calgrove NB ON 130 400 3,840 3% 10%
Calgrove SB ON 550 190 5,330 10% 4% Calgrove NB OFF 110 350 3,350 3% 10%

S/B MAINLINE 6,610 6,410 100,350 7% 6% N/B MAINLINE 5,600 6,970 101,360 6% 7% 201,710
 Total I-5 SB OFF (SCV) 2,630 2,820 38,470 7% 7% Total I-5 NB ON (SCV) 1,950 3,230 44,320 4% 7%

Total I-5 SB ON (SCV) 7,910 7,260 106,330 7% 7%  Total I-5 NB OFF (SCV) 6,180 7,760 105,660 6% 7%
I-5 SB to SR-14 NB (OFF) 590 340 6,210 10% 5% SR-14 SB to I-5 NB 330 650 6,350 5% 10%
SR-14 SB to I-5 SB (ON) 6,990 3,420 67,200 10% 5% I-5 NB to SR-14 NB 2,380 7,080 68,680 3% 10%

S/B TOTAL 13,270 9,180 161,200 8% 6% N/B TOTAL 7,390 13,710 163,830 5% 8% 325,030
SB - Truck Route 1,820 1,560 26,000 7% 6% NB - Truck Route 1,560 1,820 26,000 6% 7% 52,000
SB - Mixed Flow Mainline 11,450 7,620 135,200 8% 6% NB - Mixed Flow Mainline 5,830 11,890 137,830 4% 9% 273,030

 10/12/2006 A-2 Austin-Foust Associates, Inc.
1044001 Fwy Count Update.xls
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APPENDIX B 
PEAK HOUR VOLUMES BY VEHICLE TYPE AND OCCUPANCY 
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Table B-1:  Peak Hour Traffic Volumes by Vehicle Type and Occupancy – Year 2010 
 Southbound Northbound 
I-5 Segment Trucks SOVs HOVs Total Trucks SOVs HOVs Total 
AM Peak Hour 
North of Parker Road 440 1,430 530 2,400 350 1,130 420 1,900 
Between Parker Road & Hasley Canyon Road 510 2,110 780 3,400 350 1,420 530 2,300 
Between Hasley Canyon Road & SR-126 550 2,660 990 4,200 440 2,160 800 3,400 
Between SR-126 & Rye Canyon Road 530 2,610 960 4,100 570 2,800 1,030 4,400 
Between Rye Canyon Road & Magic Mountain Parkway 620 2,910 1,070 4,600 590 2,780 1,030 4,400 
Between Magic Mountain Pkwy & Valencia Boulevard 580 3,080 1,140 4,800 640 3,400 1,260 5,300 
Between Valencia Boulevard & McBean Parkway 590 3,660 1,350 5,600 640 3,990 1,470 6,100 
Between McBean Pkwy & Lyons Ave./Pico Canyon Rd. 590 3,800 1,410 5,800 630 4,070 1,500 6,200 
Between Lyons Ave./Pico Canyon Rd. & Calgrove Blvd. 610 4,230 1,560 6,400 570 3,960 1,470 6,000 
Between Calgrove Boulevard & SR-14 620 4,370 1,610 6,600 550 3,830 1,420 5,800 
South of SR-14 1,190 9,210 3,400 13,800 660 5,140 1,900 7,700 
PM Peak Hour 
North of Parker Road 560 1,780 660 3,000 630 2,020 750 3,400 
Between Parker Road & Hasley Canyon Road 530 2,170 800 3,500 660 2,730 1,010 4,400 
Between Hasley Canyon Road & SR-126 600 2,920 1,080 4,600 650 3,180 1,170 5,000 
Between SR-126 & Rye Canyon Road 700 3,430 1,270 5,400 640 3,110 1,150 4,900 
Between Rye Canyon Road & Magic Mountain Parkway 890 4,170 1,540 6,600 660 3,100 1,140 4,900 
Between Magic Mountain Pkwy & Valencia Boulevard 780 4,180 1,540 6,500 680 3,660 1,360 5,700 
Between Valencia Boulevard & McBean Parkway 750 4,640 1,710 7,100 670 4,180 1,550 6,400 
Between McBean Pkwy & Lyons Ave./Pico Canyon Rd. 720 4,660 1,720 7,100 690 4,460 1,650 6,800 
Between Lyons Ave./Pico Canyon Rd. & Calgrove Blvd. 650 4,490 1,660 6,800 670 4,690 1,740 7,100 
Between Calgrove Boulevard & SR-14 640 4,500 1,660 6,800 670 4,690 1,740 7,100 
South of SR-14 820 6,340 2,340 9,500 1,200 9,270 3,430 13,900 
 
SOV = Single Occupant Vehicle 
HOV = High Occupancy Vehicle (2+ Persons/Vehicle) and is HOV lane eligible 
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Table B-2:  Peak Hour Traffic Volumes by Vehicle Type and Occupancy – Year 2015 
 Southbound Northbound 
I-5 Segment Trucks SOVs HOVs Total Trucks SOVs HOVs Total 
AM Peak Hour 
North of Parker Road 500 2,040 760 3,300 410 1,670 620 2,700 
Between Parker Road & Hasley Canyon Road 610 2,990 1,100 4,700 400 1,970 730 3,100 
Between Hasley Canyon Road & SR-126 640 3,400 1,260 5,300 580 3,080 1,140 4,800 
Between SR-126 & Rye Canyon Road 590 3,150 1,160 4,900 670 3,600 1,330 5,600 
Between Rye Canyon Road & Magic Mountain Parkway 610 3,280 1,210 5,100 670 3,600 1,330 5,600 
Between Magic Mountain Pkwy & Valencia Boulevard 620 3,490 1,290 5,400 710 4,010 1,480 6,200 
Between Valencia Boulevard & McBean Parkway 640 3,990 1,470 6,100 740 4,570 1,690 7,000 
Between McBean Pkwy & Lyons Ave./Pico Canyon Rd. 600 3,870 1,430 5,900 700 4,530 1,670 6,900 
Between Lyons Ave./Pico Canyon Rd. & Calgrove Blvd. 630 4,360 1,610 6,600 620 4,290 1,590 6,500 
Between Calgrove Boulevard & SR-14 630 4,430 1,640 6,700 570 4,040 1,490 6,100 
South of SR-14 1,250 9,670 3,580 14,500 710 5,470 2,020 8,200 
PM Peak Hour 
North of Parker Road 620 2,540 940 4,100 710 2,910 1,080 4,700 
Between Parker Road & Hasley Canyon Road 610 2,990 1,100 4,700 790 3,880 1,430 6,100 
Between Hasley Canyon Road & SR-126 770 4,110 1,520 6,400 780 4,180 1,540 6,500 
Between SR-126 & Rye Canyon Road 820 4,370 1,610 6,800 700 3,720 1,380 5,800 
Between Rye Canyon Road & Magic Mountain Parkway 970 5,200 1,930 8,100 700 3,720 1,380 5,800 
Between Magic Mountain Pkwy & Valencia Boulevard 900 5,040 1,860 7,800 710 4,010 1,480 6,200 
Between Valencia Boulevard & McBean Parkway 860 5,360 1,980 8,200 710 4,450 1,640 6,800 
Between McBean Pkwy & Lyons Ave./Pico Canyon Rd. 810 5,250 1,940 8,000 710 4,590 1,700 7,000 
Between Lyons Ave./Pico Canyon Rd. & Calgrove Blvd. 700 4,890 1,810 7,400 690 4,830 1,780 7,300 
Between Calgrove Boulevard & SR-14 700 4,890 1,810 7,400 680 4,760 1,760 7,200 
South of SR-14 850 6,610 2,440 9,900 1,210 9,410 3,480 14,100 
 
SOV = Single Occupant Vehicle 
HOV = High Occupancy Vehicle (2+ Persons/Vehicle) and is HOV lane eligible 
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Table B-3:  Peak Hour Traffic Volumes by Vehicle Type and Occupancy – Year 2030, Constrained Flow Model 
 Southbound Northbound 
I-5 Segment Trucks SOVs HOVs Total Trucks SOVs HOVs Total 
AM Peak Hour 
North of Parker Road 780 3,270 1,150 5,200 620 2,580 900 4,100 
Between Parker Road & Hasley Canyon Road 800 4,370 1,530 6,700 590 3,190 1,120 4,900 
Between Hasley Canyon Road & SR-126 760 4,770 1,670 7,200 680 4,310 1,510 6,500 
Between SR-126 & Rye Canyon Road 740 4,630 1,630 7,000 720 4,570 1,610 6,900 
Between Rye Canyon Road & Magic Mountain Parkway 760 4,770 1,670 7,200 720 4,570 1,610 6,900 
Between Magic Mountain Pkwy & Valencia Boulevard 770 4,830 1,700 7,300 750 4,700 1,650 7,100 
Between Valencia Boulevard & McBean Parkway 850 5,360 1,890 8,100 800 5,030 1,770 7,600 
Between McBean Pkwy & Lyons Ave./Pico Canyon Rd. 740 5,220 1,840 7,800 710 5,020 1,770 7,500 
Between Lyons Ave./Pico Canyon Rd. & Calgrove Blvd. 690 4,890 1,720 7,300 670 4,680 1,650 7,000 
Between Calgrove Boulevard & SR-14 700 4,960 1,740 7,400 600 4,290 1,510 6,400 
South of SR-14 1,520 11,970 4,210 17,700 790 6,220 2,190 9,200 
PM Peak Hour 
North of Parker Road 980 4,080 1,440 6,500 1,020 4,280 1,500 6,800 
Between Parker Road & Hasley Canyon Road 910 4,950 1,740 7,600 980 5,340 1,880 8,200 
Between Hasley Canyon Road & SR-126 960 6,020 2,120 9,100 910 5,760 2,030 8,700 
Between SR-126 & Rye Canyon Road 970 6,090 2,140 9,200 810 5,100 1,790 7,700 
Between Rye Canyon Road & Magic Mountain Parkway 1,060 6,690 2,350 10,100 810 5,100 1,790 7,700 
Between Magic Mountain Pkwy & Valencia Boulevard 1,030 6,490 2,280 9,800 830 5,230 1,840 7,900 
Between Valencia Boulevard & McBean Parkway 1,050 6,620 2,330 10,000 870 5,500 1,930 8,300 
Between McBean Pkwy & Lyons Ave./Pico Canyon Rd. 910 6,430 2,260 9,600 800 5,620 1,980 8,400 
Between Lyons Ave./Pico Canyon Rd. & Calgrove Blvd. 850 5,960 2,090 8,900 800 5,620 1,980 8,400 
Between Calgrove Boulevard & SR-14 830 5,900 2,070 8,800 770 5,500 1,930 8,200 
South of SR-14 990 7,780 2,730 11,500 1,440 11,290 3,970 16,700 
 
SOV = Single Occupant Vehicle 
HOV = High Occupancy Vehicle (2+ Persons/Vehicle) and is HOV lane eligible 
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Table B-4:  Peak Hour Traffic Volumes by Vehicle Type and Occupancy – Year 2030, Demand Model 
 Southbound Northbound 
I-5 Segment Trucks SOVs HOVs Total Trucks SOVs HOVs Total 
AM Peak Hour 
North of Parker Road 860 3,630 1,210 5,700 660 2,800 940 4,400 
Between Parker Road & Hasley Canyon Road 940 4,690 1,570 7,200 690 3,460 1,150 5,300 
Between Hasley Canyon Road & SR-126 870 5,270 1,760 7,900 760 4,600 1,540 6,900 
Between SR-126 & Rye Canyon Road 870 5,270 1,760 7,900 800 4,870 1,630 7,300 
Between Rye Canyon Road & Magic Mountain Parkway 920 5,610 1,870 8,400 800 4,870 1,630 7,300 
Between Magic Mountain Pkwy & Valencia Boulevard 860 5,800 1,940 8,600 820 5,530 1,850 8,200 
Between Valencia Boulevard & McBean Parkway 960 6,480 2,160 9,600 910 6,140 2,050 9,100 
Between McBean Pkwy & Lyons Ave./Pico Canyon Rd. 900 6,450 2,150 9,500 900 6,450 2,150 9,500 
Between Lyons Ave./Pico Canyon Rd. & Calgrove Blvd. 900 6,450 2,150 9,500 890 6,380 2,130 9,400 
Between Calgrove Boulevard & SR-14 900 6,520 2,180 9,600 840 6,040 2,020 8,900 
South of SR-14 1,980 15,760 5,260 23,000 1,060 8,430 2,810 12,300 
PM Peak Hour 
North of Parker Road 1,080 4,590 1,530 7,200 1,140 4,840 1,620 7,600 
Between Parker Road & Hasley Canyon Road 1,080 5,410 1,810 8,300 1,180 5,940 1,980 9,100 
Between Hasley Canyon Road & SR-126 1,080 6,540 2,180 9,800 1,060 6,400 2,140 9,600 
Between SR-126 & Rye Canyon Road 1,130 6,880 2,290 10,300 980 5,940 1,980 8,900 
Between Rye Canyon Road & Magic Mountain Parkway 1,330 8,080 2,690 12,100 980 5,940 1,980 8,900 
Between Magic Mountain Pkwy & Valencia Boulevard 1,210 8,170 2,720 12,100 950 6,410 2,140 9,500 
Between Valencia Boulevard & McBean Parkway 1,300 8,770 2,930 13,000 1,030 6,950 2,320 10,300 
Between McBean Pkwy & Lyons Ave./Pico Canyon Rd. 1,170 8,350 2,780 12,300 1,000 7,120 2,380 10,500 
Between Lyons Ave./Pico Canyon Rd. & Calgrove Blvd. 1,130 8,080 2,690 11,900 1,040 7,390 2,470 10,900 
Between Calgrove Boulevard & SR-14 1,100 7,950 2,650 11,700 1,030 7,480 2,490 11,000 
South of SR-14 1,330 10,630 3,540 15,500 1,920 15,280 5,100 22,300 
 
SOV = Single Occupant Vehicle 
HOV = High Occupancy Vehicle (2+ Persons/Vehicle) and is HOV lane eligible 
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INTRODUCTION 

 

This traffic analysis evaluates the traffic impact of two early implementation projects 

(EIP) from the I-5 PA&ED Truck & HOV Lane Widening Improvements from SR-14 to 

the Parker Road Interchange (07-LA-5, PM R 45.4/R 59.0, EA 2332E0).  The two early 

implementation components are the extension of the northbound HOV lane on I-5 from 

the SR-14 interchange north to the summit (EA 2332C) and a truck climbing lane 

southbound from the Lyons Canyon/Pico Canyon Road interchange to the SR-14 

interchange (EA 2332A).  The analysis conducted considered the following three 

scenarios: 

 

1. Existing 2006 Conditions 

2. 2010 Conditions with No Improvements 

3. 2010 Conditions with Improvements 

 

Vehicle counts were obtained from “I-5 HOV and Truck Lanes Projects – SR-14 to 

Parker Road Traffic Volume Data Summary,” prepared by Austin-Foust and Associates, 

Inc.  A copy of the count information from the document is provided in the Appendix.  

The existing counts given in the document were obtained from multiple sources, 

including published Caltrans data and field surveys by Austin-Foust Associates, Inc. and 

Korve Engineering, Inc.  Future year forecasts were obtained from the Santa Clarita 

Valley Consolidated Traffic Model (SCVCTM). The SCVCTM was developed jointly by 

the County of Los Angeles Department of Public Works and the City of Santa Clarita. 

The model is the primary tool used by both agencies for transportation planning in this 

area. 

 

The analysis was accomplished with HCS2000 software using the freeways module.  

Two freeway sections for each improvement were analyzed for each scenario.  The next 

two sections describe the details of the analyses followed by the results of the analyses. 

 

 

TRUCK CLIMBING LANE ANALYSIS DETAILS 

 

A truck climbing lane is proposed to be added to the existing four lane southbound 

facility. The analysis uses counts obtained 1) between Lyons Avenue/Pico Canyon Road 

and Calgrove Boulevard and 2) between Calgrove Boulevard and SR-14.  These two 

sections were analyzed considering each of the analysis scenarios. 

 

It was assumed that most of the trucks would remain in the outermost lane as they 

climbed up the grade.  However, not all trucks are heavily loaded and will enter the inner 

lanes in order to pass slow moving trucks.  The outermost lane was removed from the 

analysis of all the scenarios and the trucks anticipated to use that lane were subtracted 

from the volume.  However, in order to represent the lighter trucks passing in the inner 

lanes a small percentage of trucks was used in the analysis.  Approximately 20% of the 

trucks (2% of the total traffic stream) were assumed to use the inner lanes of the freeway. 

Tables summarizing these calculations are provided in the Appendix. 
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To summarize, an analysis of one less lane was done instead of the total number of lanes
and the volume was reduced to reflect the trucks that would use the outermost lane.  The
number of trucks in the outermost lane is not expected to reach the capacity of the truck
lane, estimated at 1200 trucks per hour, by 2010.  This was done for all scenarios; thus,
the outermost lane is considered the truck climbing lane even in the existing and 2010 no
improvements scenarios.

The grades used  for the two sections analyzed were provided by Caltrans (California
Department of Transportation).

HOV LANE EXTENSION ANALYSIS DETAILS

This analysis included two sections: 1) between the off-ramp to SR-14 northbound and
the on-ramp from the SR-14 southbound and 2) between the on-ramp from SR-14
southbound and the truck route on-ramp.

Volume data was not available for the two sections listed above.  However, by
subtracting known off-ramp data and adding known on-ramp data the mainline volumes
in these sections were determined for the existing condition.  Model data for the
on/off-ramps in 2010 was not available; thus, the process used for the existing conditions
could not be repeated for the 2010 scenarios.   However, the ramp volumes were
estimated by calculated the percent change between the existing mainline volumes and
2010 model mainline volumes and then applying the same percent change to the ramp
volumes.  The same process was then used to obtain the 2010 volumes in the sections
desired for the analysis.

The analysis of the existing and 2010 with no improvements was a straight forward three
lane section analysis.  The 2010 scenario with improvements was analyzed as a four lane
freeway even though the added lane was a HOV lane.  Based on an occupancy study
conducted in April 2005, Korve Engineering employees found that eligible vehicles for
the HOV lane make up 27% of the total volume.  It is expected that the maximum
percentage of volume in the HOV lane of a four lane freeway would be 25%.  Any
greater proportion of the volume would result in a negative benefit for eligible vehicles.
Therefore, eligible motorists would chose to use the mixed flow lanes instead of the HOV
lane.

RESULTS OF THE ANALYSIS

An HCM Level of Service (LOS) analysis was used to compare the impacts of the study
scenarios.   The detailed report sheets are provided in the Appendix.  LOS is a quality
measure describing operation conditions within a traffic stream, generally in terms of
such service measures as speed and travel time, freedom to maneuver, traffic
interruptions, and comfort and convenience.  Six LOS are defined for each type of facility
that has analysis procedures available.  Letters designate each level, from A to F, with
LOS A representing the best operating conditions and LOS F the worst.  Each LOS
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represents a range of operating conditions and the driver’s perception of those conditions.
The LOS for a basic freeway segment is based on density given in units of passenger cars
per mile per lane (1). The LOS thresholds are given in Table 1.

TABLE 1
LOS Thresholds for a Basic Freeway Segment (1)

LOS Density Range
(pc/mi/ln)

A 0-11
B >11-18
C >18-26
D >26-35
E >35-45
F >45

The results of analysis of the truck lane addition to southbound I-5 are provided in
Table 2.  The approach of the analysis was to assume that one lane was not usable by
passenger cars because of slow moving trucks.  The analysis was done by subtracting
most of the trucks from the volume and subtracting one lane.  For example, the 2006
existing condition was analyzed as a three lane freeway with 2% percent trucks.  The
analysis based on the methodology is anticipated to be representative of actual conditions
in this segment of I-5.  Based on this analysis the addition of a truck lane will improve
the peak hour operating conditions in 2010 from LOS E and F to LOS C and D.

TABLE 2
Southbound Truck Lane Addition LOS Analysis Results

Freeway Section SB Between Lyons
Ave & Calgrove Blvd

SB Between Calgrove
Blvd & SR-14

Peak Hour AM PM AM PM
LOS E E F F
Density (pc/mi/ln) 35.5 38.3 * *2006 Existing
Ave pc Speed (mph) 61.1 58.6 * *
LOS E E F F
Density (pc/mi/ln) 36.4 43.3 * *2010 No

Improvements
Ave pc Speed (mph) 60.3 54.6 * *
LOS C D D D
Density (pc/mi/ln) 23.8 26.1 27.5 29.32010 With

Truck Lane
Ave pc Speed (mph) 69.2 68.1 67.3 66.0

*Density and average passenger car speed are not calculated when LOS F.
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As shown in Table 2, the addition of a southbound truck lane is expected to improve the
2010 operating conditions from an unacceptable (LOS E or F) to an acceptable (LOS C
or D) service level.  The single truck lane is expected to operate at an acceptable level of
service. The highest flow rate is expected to be about 410 trucks per hour.   Capacity of a
truck lane in the grapevine was measured by Caltrans to be 1200 trucks per hour.  Based
on this capacity, the truck lane is expected to have a volume-to-capacity ratio of 0.34.

The results of the HOV lane extension analysis are provided in Table 3.  The analysis
shows that extending the HOV lane will generally improve the operating conditions by
one service level during the peak hours in 2010.

TABLE 3
Northbound HOV Lane Extension LOS Analysis Results

Freeway Section
NB Between Off-Ramp
to SR-14 & On-Ramp

From SR-14

NB Between On-ramp
From SR-14 & Truck

Route On-Ramp
Peak Hour AM PM AM PM

LOS B C C D
Density (pc/mi/ln) 17.8 25.4 19.5 30.22006 Existing
Ave pc Speed (mph) 70.0 68.5 70.0 65.3
LOS C C C D
Density (pc/mi/ln) 18.6 25.9 20.4 30.92010 No

Improvements
Ave pc Speed (mph) 70.0 68.2 69.9 64.8
LOS B C B C
Density (pc/mi/ln) 13.9 18.9 15.3 21.52010 With

Improvements
Ave pc Speed (mph) 70.0 70.0 70.0 69.8
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Southbound Truck Lane Volume
Calculations



2006 Existing Southbound Traffic on I-5

Volume (veh/hr) Total % Trucks % Trucks to use
outermost lane

Number of trucks
to use outermost

lane (tr/hr)
Volume (veh/hr) Total % Trucks % Trucks to use

outermost lane

Number of trucks
to use outermost

lane (tr/hr)
SB Between Lyons

Ave & Calgrove
Blvd

6320 8.2% 6.2% 392 5928 6460 6.7% 4.7% 304 6156

SB Between
Calgrove Blvd &

SR-14
6610 8.2% 6.2% 410 6200 6410 6.7% 4.7% 301 6109

2010 Southbound Traffic on I-5

Volume (veh/hr) Total % Trucks % Trucks to use
outermost lane

Number of trucks
to use outermost

lane (tr/hr)
Volume (veh/hr) Total % Trucks % Trucks to use

outermost lane

Number of trucks
to use outermost

lane (tr/hr)
SB Between Lyons

Ave & Calgrove
Blvd

6400 8.2% 6.2% 397 6003 6800 6.7% 4.7% 320 6480

SB Between
Calgrove Blvd &

SR-14
6600 8.2% 6.2% 409 6191 6800 6.7% 4.7% 320 6480

Section

Section

AM PM

Remaining
volume to
use inner

lanes

Remaining
volume to
use inner

lanes

Remaining
volume to
use inner

lanes

Remaining
volume to
use inner

lanes

AM PM
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Analysis



SB AM Between Lyons Ave & Calgrove Blvd.txt

                HCS2000:  Basic Freeway Segments Release 4.1f

Salt Lake City Office
Korve Engineering
935 E. South Union Avenue
Suite D203
Midvale, UT 84047
Phone:  801-569-2131                        Fax:  801-569-2149
E-mail:  lseegmiller@korve.com

_________________________Operational Analysis__________________________________

Analyst:                Luke Seegmiller
Agency or Company:      Korve/DMJM Harris
Date Performed:         1/25/2007
Analysis Time Period:   AM Peak
Freeway/Direction:      I-5/SB
From/To:                Between Lyons Ave & Calgrove B
Jurisdiction:
Analysis Year:          Existing 2006
Description:  Removing lane for trucks

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   5928           veh/h
Peak-hour factor, PHF                       0.97
Peak 15-min volume, v15                     1528           v
Trucks and buses                            2              %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.990
Driver population factor, fp                0.95
Flow rate, vp                               2166           pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          3
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              3.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Urban Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               2166           pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              61.1           mi/h
Number of lanes, N                          3
Density, D                                  35.5           pc/mi/ln
Level of service, LOS                       E

  Overall results are not computed when free-flow speed is less than 55 mph.
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SB PM Between Lyons Ave & Calgrove Blvd.txt

                HCS2000:  Basic Freeway Segments Release 4.1f

Salt Lake City Office
Korve Engineering
935 E. South Union Avenue
Suite D203
Midvale, UT 84047
Phone:  801-569-2131                        Fax:  801-569-2149
E-mail:  lseegmiller@korve.com

_________________________Operational Analysis__________________________________

Analyst:                Luke Seegmiller
Agency or Company:      Korve/DMJM Harris
Date Performed:         1/25/2007
Analysis Time Period:   PM Peak
Freeway/Direction:      I-5/SB
From/To:                Between Lyons Ave & Calgrove B
Jurisdiction:
Analysis Year:          Existing 2006
Description:  Removing lane for trucks

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   6156           veh/h
Peak-hour factor, PHF                       0.97
Peak 15-min volume, v15                     1587           v
Trucks and buses                            2              %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.990
Driver population factor, fp                0.95
Flow rate, vp                               2249           pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          3
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              3.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Urban Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               2249           pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              58.6           mi/h
Number of lanes, N                          3
Density, D                                  38.3           pc/mi/ln
Level of service, LOS                       E

  Overall results are not computed when free-flow speed is less than 55 mph.
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SB AM Between Calgrove Blvd & SR-14.txt

                HCS2000:  Basic Freeway Segments Release 4.1f

Salt Lake City Office
Korve Engineering
935 E. South Union Avenue
Suite D203
Midvale, UT 84047
Phone:  801-569-2131                        Fax:  801-569-2149
E-mail:  lseegmiller@korve.com

_________________________Operational Analysis__________________________________

Analyst:                Luke Seegmiller
Agency or Company:      Korve/DMJM Harris
Date Performed:         1/25/2007
Analysis Time Period:   AM Peak
Freeway/Direction:      I-5/SB
From/To:                Between Calgrove Blvd & SR-14
Jurisdiction:
Analysis Year:          Existing 2006
Description:  Removing lane for trucks

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   6200           veh/h
Peak-hour factor, PHF                       0.97
Peak 15-min volume, v15                     1598           v
Trucks and buses                            2              %
Recreational vehicles                       0              %
Terrain type:                               Grade
    Grade                                   5.10           %
    Segment length                          1.84           mi
Trucks and buses PCE, ET                    6.0
Recreational vehicle PCE, ER                6.0
Heavy vehicle adjustment, fHV               0.909
Driver population factor, fp                0.95
Flow rate, vp                               2467           pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          3
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              3.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Urban Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               2467           pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S                             mi/h
Number of lanes, N                          3
Density, D                                                 pc/mi/ln
Level of service, LOS                       F

  Overall results are not computed when free-flow speed is less than 55 mph.
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SB PM Between Calgrove Blvd & SR-14.txt

                HCS2000:  Basic Freeway Segments Release 4.1f

Salt Lake City Office
Korve Engineering
935 E. South Union Avenue
Suite D203
Midvale, UT 84047
Phone:  801-569-2131                        Fax:  801-569-2149
E-mail:  lseegmiller@korve.com

_________________________Operational Analysis__________________________________

Analyst:                Luke Seegmiller
Agency or Company:      Korve/DMJM Harris
Date Performed:         1/25/2007
Analysis Time Period:   PM Peak
Freeway/Direction:      I-5/SB
From/To:                Between Calgrove Blvd & SR-14
Jurisdiction:
Analysis Year:          Existing 2006
Description:  Removing lane for trucks

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   6109           veh/h
Peak-hour factor, PHF                       0.97
Peak 15-min volume, v15                     1574           v
Trucks and buses                            2              %
Recreational vehicles                       0              %
Terrain type:                               Grade
    Grade                                   5.10           %
    Segment length                          1.84           mi
Trucks and buses PCE, ET                    6.0
Recreational vehicle PCE, ER                6.0
Heavy vehicle adjustment, fHV               0.909
Driver population factor, fp                0.95
Flow rate, vp                               2431           pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          3
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              3.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Urban Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               2431           pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S                             mi/h
Number of lanes, N                          3
Density, D                                                 pc/mi/ln
Level of service, LOS                       F

  Overall results are not computed when free-flow speed is less than 55 mph.
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SB AM Between Lyons Ave & Calgrove Blvd.txt

                HCS2000:  Basic Freeway Segments Release 4.1f

Salt Lake City Office
Korve Engineering
935 E. South Union Avenue
Suite D203
Midvale, UT 84047
Phone:  801-569-2131                        Fax:  801-569-2149
E-mail:  lseegmiller@korve.com

_________________________Operational Analysis__________________________________

Analyst:                Luke Seegmiller
Agency or Company:      Korve/DMJM Harris
Date Performed:         1/25/2007
Analysis Time Period:   AM Peak
Freeway/Direction:      I-5/SB
From/To:                Between Lyons Ave & Calgrove B
Jurisdiction:
Analysis Year:          2010 No Improvements
Description:  Removing truck lane

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   6003           veh/h
Peak-hour factor, PHF                       0.97
Peak 15-min volume, v15                     1547           v
Trucks and buses                            2              %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.990
Driver population factor, fp                0.95
Flow rate, vp                               2193           pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          3
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              3.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Urban Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               2193           pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              60.3           mi/h
Number of lanes, N                          3
Density, D                                  36.4           pc/mi/ln
Level of service, LOS                       E

  Overall results are not computed when free-flow speed is less than 55 mph.
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SB PM Between Lyons Ave & Calgrove Blvd.txt

                HCS2000:  Basic Freeway Segments Release 4.1f

Salt Lake City Office
Korve Engineering
935 E. South Union Avenue
Suite D203
Midvale, UT 84047
Phone:  801-569-2131                        Fax:  801-569-2149
E-mail:  lseegmiller@korve.com

_________________________Operational Analysis__________________________________

Analyst:                Luke Seegmiller
Agency or Company:      Korve/DMJM Harris
Date Performed:         1/25/2007
Analysis Time Period:   PM Peak
Freeway/Direction:      I-5/SB
From/To:                Between Lyons Ave & Calgrove B
Jurisdiction:
Analysis Year:          2010 No Improvements
Description:  Removing truck lane

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   6480           veh/h
Peak-hour factor, PHF                       0.97
Peak 15-min volume, v15                     1670           v
Trucks and buses                            2              %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.990
Driver population factor, fp                0.95
Flow rate, vp                               2367           pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          3
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              3.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Urban Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               2367           pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              54.6           mi/h
Number of lanes, N                          3
Density, D                                  43.3           pc/mi/ln
Level of service, LOS                       E

  Overall results are not computed when free-flow speed is less than 55 mph.
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SB AM Between Calgrove Blvd & SR-14.txt

                HCS2000:  Basic Freeway Segments Release 4.1f

Salt Lake City Office
Korve Engineering
935 E. South Union Avenue
Suite D203
Midvale, UT 84047
Phone:  801-569-2131                        Fax:  801-569-2149
E-mail:  lseegmiller@korve.com

_________________________Operational Analysis__________________________________

Analyst:                Luke Seegmiller
Agency or Company:      Korve/DMJM Harris
Date Performed:         1/25/2007
Analysis Time Period:   AM Peak
Freeway/Direction:      I-5/SB
From/To:                Between Calgrove Blvd & SR-14
Jurisdiction:
Analysis Year:          2010 No Improvements
Description:  Removing truck lane

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   6191           veh/h
Peak-hour factor, PHF                       0.97
Peak 15-min volume, v15                     1596           v
Trucks and buses                            2              %
Recreational vehicles                       0              %
Terrain type:                               Grade
    Grade                                   5.10           %
    Segment length                          1.84           mi
Trucks and buses PCE, ET                    6.0
Recreational vehicle PCE, ER                6.0
Heavy vehicle adjustment, fHV               0.909
Driver population factor, fp                0.95
Flow rate, vp                               2463           pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          3
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              3.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Urban Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               2463           pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S                             mi/h
Number of lanes, N                          3
Density, D                                                 pc/mi/ln
Level of service, LOS                       F

  Overall results are not computed when free-flow speed is less than 55 mph.
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SB PM Between Calgrove Blvd & SR-14.txt

                HCS2000:  Basic Freeway Segments Release 4.1f

Salt Lake City Office
Korve Engineering
935 E. South Union Avenue
Suite D203
Midvale, UT 84047
Phone:  801-569-2131                        Fax:  801-569-2149
E-mail:  lseegmiller@korve.com

_________________________Operational Analysis__________________________________

Analyst:                Luke Seegmiller
Agency or Company:      Korve/DMJM Harris
Date Performed:         1/25/2007
Analysis Time Period:   PM Peak
Freeway/Direction:      I-5/SB
From/To:                Between Calgrove Blvd & SR-14
Jurisdiction:
Analysis Year:          2010 No Improvements
Description:  Removing truck lane

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   6480           veh/h
Peak-hour factor, PHF                       0.97
Peak 15-min volume, v15                     1670           v
Trucks and buses                            2              %
Recreational vehicles                       0              %
Terrain type:                               Grade
    Grade                                   5.10           %
    Segment length                          1.84           mi
Trucks and buses PCE, ET                    6.0
Recreational vehicle PCE, ER                6.0
Heavy vehicle adjustment, fHV               0.909
Driver population factor, fp                0.95
Flow rate, vp                               2578           pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          3
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              3.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Urban Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               2578           pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S                             mi/h
Number of lanes, N                          3
Density, D                                                 pc/mi/ln
Level of service, LOS                       F

  Overall results are not computed when free-flow speed is less than 55 mph.
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SB AM Between Lyons Ave & Calgrove Blvd.txt

                HCS2000:  Basic Freeway Segments Release 4.1f

Salt Lake City Office
Korve Engineering
935 E. South Union Avenue
Suite D203
Midvale, UT 84047
Phone:  801-569-2131                        Fax:  801-569-2149
E-mail:  lseegmiller@korve.com

_________________________Operational Analysis__________________________________

Analyst:                Luke Seegmiller
Agency or Company:      Korve/DMJM Harris
Date Performed:         1/25/2007
Analysis Time Period:   AM Peak
Freeway/Direction:      I-5/SB
From/To:                Between Lyons Ave & Calgrove B
Jurisdiction:
Analysis Year:          2010 With EIP
Description:  Removing truck lane

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   6003           veh/h
Peak-hour factor, PHF                       0.97
Peak 15-min volume, v15                     1547           v
Trucks and buses                            2              %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.990
Driver population factor, fp                0.95
Flow rate, vp                               1645           pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          4
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              1.5            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Urban Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               1645           pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              69.2           mi/h
Number of lanes, N                          4
Density, D                                  23.8           pc/mi/ln
Level of service, LOS                       C

  Overall results are not computed when free-flow speed is less than 55 mph.

Page 1

mailto:lseegmiller@korve.com


SB PM Between Lyons Ave & Calgrove Blvd.txt

                HCS2000:  Basic Freeway Segments Release 4.1f

Salt Lake City Office
Korve Engineering
935 E. South Union Avenue
Suite D203
Midvale, UT 84047
Phone:  801-569-2131                        Fax:  801-569-2149
E-mail:  lseegmiller@korve.com

_________________________Operational Analysis__________________________________

Analyst:                Luke Seegmiller
Agency or Company:      Korve/DMJM Harris
Date Performed:         1/25/2007
Analysis Time Period:   PM Peak
Freeway/Direction:      I-5/SB
From/To:                Between Lyons Ave & Calgrove B
Jurisdiction:
Analysis Year:          2010 With EIP
Description:  Removing truck lane

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   6480           veh/h
Peak-hour factor, PHF                       0.97
Peak 15-min volume, v15                     1670           v
Trucks and buses                            2              %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.990
Driver population factor, fp                0.95
Flow rate, vp                               1776           pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          4
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              1.5            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Urban Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               1776           pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              68.1           mi/h
Number of lanes, N                          4
Density, D                                  26.1           pc/mi/ln
Level of service, LOS                       D

  Overall results are not computed when free-flow speed is less than 55 mph.
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SB AM Between Calgrove Blvd & SR-14.txt

                HCS2000:  Basic Freeway Segments Release 4.1f

Salt Lake City Office
Korve Engineering
935 E. South Union Avenue
Suite D203
Midvale, UT 84047
Phone:  801-569-2131                        Fax:  801-569-2149
E-mail:  lseegmiller@korve.com

_________________________Operational Analysis__________________________________

Analyst:                Luke Seegmiller
Agency or Company:      Korve/DMJM Harris
Date Performed:         1/25/2007
Analysis Time Period:   AM Peak
Freeway/Direction:      I-5/SB
From/To:                Between Calgrove Blvd & SR-14
Jurisdiction:
Analysis Year:          2010 With EIP
Description:  Removing truck lane

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   6191           veh/h
Peak-hour factor, PHF                       0.97
Peak 15-min volume, v15                     1596           v
Trucks and buses                            2              %
Recreational vehicles                       0              %
Terrain type:                               Grade
    Grade                                   5.10           %
    Segment length                          1.84           mi
Trucks and buses PCE, ET                    6.0
Recreational vehicle PCE, ER                6.0
Heavy vehicle adjustment, fHV               0.909
Driver population factor, fp                0.95
Flow rate, vp                               1848           pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          4
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              1.5            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Urban Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               1848           pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              67.3           mi/h
Number of lanes, N                          4
Density, D                                  27.5           pc/mi/ln
Level of service, LOS                       D

  Overall results are not computed when free-flow speed is less than 55 mph.
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SB PM Between Calgrove Blvd & SR-14.txt

                HCS2000:  Basic Freeway Segments Release 4.1f

Salt Lake City Office
Korve Engineering
935 E. South Union Avenue
Suite D203
Midvale, UT 84047
Phone:  801-569-2131                        Fax:  801-569-2149
E-mail:  lseegmiller@korve.com

_________________________Operational Analysis__________________________________

Analyst:                Luke Seegmiller
Agency or Company:      Korve/DMJM Harris
Date Performed:         1/25/2007
Analysis Time Period:   PM Peak
Freeway/Direction:      I-5/SB
From/To:                Between Calgrove Blvd & SR-14
Jurisdiction:
Analysis Year:          2010 With EIP
Description:  Removing truck lane

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   6480           veh/h
Peak-hour factor, PHF                       0.97
Peak 15-min volume, v15                     1670           v
Trucks and buses                            2              %
Recreational vehicles                       0              %
Terrain type:                               Grade
    Grade                                   5.10           %
    Segment length                          1.84           mi
Trucks and buses PCE, ET                    6.0
Recreational vehicle PCE, ER                6.0
Heavy vehicle adjustment, fHV               0.909
Driver population factor, fp                0.95
Flow rate, vp                               1934           pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          4
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              1.5            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Urban Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               1934           pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              66.0           mi/h
Number of lanes, N                          4
Density, D                                  29.3           pc/mi/ln
Level of service, LOS                       D

  Overall results are not computed when free-flow speed is less than 55 mph.
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NB AM Between Off Ramp To SR-14 NB & On Ramp from SR-14 SB.txt

                HCS2000:  Basic Freeway Segments Release 4.1f

Salt Lake City Office
Korve Engineering
935 E. South Union Avenue
Suite D203
Midvale, UT 84047
Phone:  801-569-2131                        Fax:  801-569-2149
E-mail:  lseegmiller@korve.com

_________________________Operational Analysis__________________________________

Analyst:                Luke Seegmiller
Agency or Company:      Korve/DMJM Harris
Date Performed:         1/25/2007
Analysis Time Period:   AM Peak
Freeway/Direction:      I-5/NB
From/To:                SR-14 Off to SR-14 On-Ramp
Jurisdiction:
Analysis Year:          Existing 2006
Description:

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   3450           veh/h
Peak-hour factor, PHF                       0.97
Peak 15-min volume, v15                     889            v
Trucks and buses                            0              %
Recreational vehicles                       0              %
Terrain type:                               Grade
    Grade                                   4.43           %
    Segment length                          0.59           mi
Trucks and buses PCE, ET                    3.5
Recreational vehicle PCE, ER                4.5
Heavy vehicle adjustment, fHV               1.000
Driver population factor, fp                0.95
Flow rate, vp                               1248           pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          3
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              3.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Urban Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               1248           pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          3
Density, D                                  17.8           pc/mi/ln
Level of service, LOS                       B

  Overall results are not computed when free-flow speed is less than 55 mph.
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NB PM Between Off Ramp To SR-14 NB & On Ramp from SR-14 SB.txt

                HCS2000:  Basic Freeway Segments Release 4.1f

Salt Lake City Office
Korve Engineering
935 E. South Union Avenue
Suite D203
Midvale, UT 84047
Phone:  801-569-2131                        Fax:  801-569-2149
E-mail:  lseegmiller@korve.com

_________________________Operational Analysis__________________________________

Analyst:                Luke Seegmiller
Agency or Company:      Korve/DMJM Harris
Date Performed:         1/25/2007
Analysis Time Period:   PM Peak
Freeway/Direction:      I-5/NB
From/To:                SR-14 Off to SR-14 On-Ramp
Jurisdiction:
Analysis Year:          Existing 2006
Description:

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   4810           veh/h
Peak-hour factor, PHF                       0.97
Peak 15-min volume, v15                     1240           v
Trucks and buses                            0              %
Recreational vehicles                       0              %
Terrain type:                               Grade
    Grade                                   4.43           %
    Segment length                          0.59           mi
Trucks and buses PCE, ET                    3.5
Recreational vehicle PCE, ER                2.0*
Heavy vehicle adjustment, fHV               1.000
Driver population factor, fp                0.95
Flow rate, vp                               1740           pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          3
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              3.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Urban Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               1740           pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              68.5           mi/h
Number of lanes, N                          3
Density, D                                  25.4           pc/mi/ln
Level of service, LOS                       C

  Overall results are not computed when free-flow speed is less than 55 mph.
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NB AM Between On Ramp From SR-14 SB & Truck Route On Ramp.txt

                HCS2000:  Basic Freeway Segments Release 4.1f

Salt Lake City Office
Korve Engineering
935 E. South Union Avenue
Suite D203
Midvale, UT 84047
Phone:  801-569-2131                        Fax:  801-569-2149
E-mail:  lseegmiller@korve.com

_________________________Operational Analysis__________________________________

Analyst:                Luke Seegmiller
Agency or Company:      Korve/DMJM Harris
Date Performed:         1/25/2007
Analysis Time Period:   AM Peak
Freeway/Direction:      I-5/NB
From/To:                SR-14 On Ramp & Truck Rte On
Jurisdiction:
Analysis Year:          Existing 2006
Description:

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   3780           veh/h
Peak-hour factor, PHF                       0.97
Peak 15-min volume, v15                     974            v
Trucks and buses                            0              %
Recreational vehicles                       0              %
Terrain type:                               Grade
    Grade                                   4.53           %
    Segment length                          0.51           mi
Trucks and buses PCE, ET                    3.5
Recreational vehicle PCE, ER                4.5
Heavy vehicle adjustment, fHV               1.000
Driver population factor, fp                0.95
Flow rate, vp                               1367           pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          3
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              3.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Urban Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               1367           pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          3
Density, D                                  19.5           pc/mi/ln
Level of service, LOS                       C

  Overall results are not computed when free-flow speed is less than 55 mph.
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NB PM Between On Ramp From SR-14 SB & Truck Route On Ramp.txt

                HCS2000:  Basic Freeway Segments Release 4.1f

Salt Lake City Office
Korve Engineering
935 E. South Union Avenue
Suite D203
Midvale, UT 84047
Phone:  801-569-2131                        Fax:  801-569-2149
E-mail:  lseegmiller@korve.com

_________________________Operational Analysis__________________________________

Analyst:                Luke Seegmiller
Agency or Company:      Korve/DMJM Harris
Date Performed:         1/25/2007
Analysis Time Period:   PM Peak
Freeway/Direction:      I-5/NB
From/To:                SR-14 On Ramp & Truck Rte On
Jurisdiction:
Analysis Year:          Existing 2006
Description:

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   5460           veh/h
Peak-hour factor, PHF                       0.97
Peak 15-min volume, v15                     1407           v
Trucks and buses                            0              %
Recreational vehicles                       0              %
Terrain type:                               Grade
    Grade                                   4.53           %
    Segment length                          0.51           mi
Trucks and buses PCE, ET                    3.5
Recreational vehicle PCE, ER                4.5
Heavy vehicle adjustment, fHV               1.000
Driver population factor, fp                0.95
Flow rate, vp                               1975           pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          3
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              3.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Urban Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               1975           pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              65.3           mi/h
Number of lanes, N                          3
Density, D                                  30.2           pc/mi/ln
Level of service, LOS                       D

  Overall results are not computed when free-flow speed is less than 55 mph.
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NB AM Between Off Ramp To SR-14 NB & On Ramp from SR-14 SB.txt

                HCS2000:  Basic Freeway Segments Release 4.1f

Salt Lake City Office
Korve Engineering
935 E. South Union Avenue
Suite D203
Midvale, UT 84047
Phone:  801-569-2131                        Fax:  801-569-2149
E-mail:  lseegmiller@korve.com

_________________________Operational Analysis__________________________________

Analyst:                Luke Seegmiller
Agency or Company:      Korve/DMJM Harris
Date Performed:         1/25/2007
Analysis Time Period:   AM Peak
Freeway/Direction:      I-5/NB
From/To:                SR-14 Off To SR-14 On-Ramp
Jurisdiction:
Analysis Year:          2010 No Improvements
Description:

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   3595           veh/h
Peak-hour factor, PHF                       0.97
Peak 15-min volume, v15                     927            v
Trucks and buses                            0              %
Recreational vehicles                       0              %
Terrain type:                               Grade
    Grade                                   4.43           %
    Segment length                          0.59           mi
Trucks and buses PCE, ET                    3.5
Recreational vehicle PCE, ER                4.5
Heavy vehicle adjustment, fHV               1.000
Driver population factor, fp                0.95
Flow rate, vp                               1300           pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          3
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              3.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Urban Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               1300           pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          3
Density, D                                  18.6           pc/mi/ln
Level of service, LOS                       C

  Overall results are not computed when free-flow speed is less than 55 mph.
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NB PM Between Off Ramp To SR-14 NB & On Ramp from SR-14 SB.txt

                HCS2000:  Basic Freeway Segments Release 4.1f

Salt Lake City Office
Korve Engineering
935 E. South Union Avenue
Suite D203
Midvale, UT 84047
Phone:  801-569-2131                        Fax:  801-569-2149
E-mail:  lseegmiller@korve.com

_________________________Operational Analysis__________________________________

Analyst:                Luke Seegmiller
Agency or Company:      Korve/DMJM Harris
Date Performed:         1/25/2007
Analysis Time Period:   PM Peak
Freeway/Direction:      I-5/NB
From/To:                SR-14 Off to SR-14 On-Ramp
Jurisdiction:
Analysis Year:          2010 No Improvements
Description:

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   4877           veh/h
Peak-hour factor, PHF                       0.97
Peak 15-min volume, v15                     1257           v
Trucks and buses                            0              %
Recreational vehicles                       0              %
Terrain type:                               Grade
    Grade                                   4.43           %
    Segment length                          0.59           mi
Trucks and buses PCE, ET                    3.5
Recreational vehicle PCE, ER                4.5
Heavy vehicle adjustment, fHV               1.000
Driver population factor, fp                0.95
Flow rate, vp                               1764           pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          3
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              3.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Urban Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               1764           pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              68.2           mi/h
Number of lanes, N                          3
Density, D                                  25.9           pc/mi/ln
Level of service, LOS                       C

  Overall results are not computed when free-flow speed is less than 55 mph.
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NB AM Between On Ramp From SR-14 SB & Truck Route On Ramp.txt

                HCS2000:  Basic Freeway Segments Release 4.1f

Salt Lake City Office
Korve Engineering
935 E. South Union Avenue
Suite D203
Midvale, UT 84047
Phone:  801-569-2131                        Fax:  801-569-2149
E-mail:  lseegmiller@korve.com

_________________________Operational Analysis__________________________________

Analyst:                Luke Seegmiller
Agency or Company:      Korve/DMJM Harris
Date Performed:         1/25/2007
Analysis Time Period:   AM Peak
Freeway/Direction:      I-5/NB
From/To:                SR-14 On Ramp & Truck Rte On
Jurisdiction:
Analysis Year:          2010 No Improvements
Description:

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   3939           veh/h
Peak-hour factor, PHF                       0.97
Peak 15-min volume, v15                     1015           v
Trucks and buses                            0              %
Recreational vehicles                       0              %
Terrain type:                               Grade
    Grade                                   4.53           %
    Segment length                          0.51           mi
Trucks and buses PCE, ET                    3.5
Recreational vehicle PCE, ER                4.5
Heavy vehicle adjustment, fHV               1.000
Driver population factor, fp                0.95
Flow rate, vp                               1425           pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          3
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              3.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Urban Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               1425           pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              69.9           mi/h
Number of lanes, N                          3
Density, D                                  20.4           pc/mi/ln
Level of service, LOS                       C

  Overall results are not computed when free-flow speed is less than 55 mph.
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                HCS2000:  Basic Freeway Segments Release 4.1f

Salt Lake City Office
Korve Engineering
935 E. South Union Avenue
Suite D203
Midvale, UT 84047
Phone:  801-569-2131                        Fax:  801-569-2149
E-mail:  lseegmiller@korve.com

_________________________Operational Analysis__________________________________

Analyst:                Luke Seegmiller
Agency or Company:      Korve/DMJM Harris
Date Performed:         1/25/2007
Analysis Time Period:   PM Peak
Freeway/Direction:      I-5/NB
From/To:                SR-14 On Ramp & Truck Rte On
Jurisdiction:
Analysis Year:          2010 No Improvements
Description:

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   5536           veh/h
Peak-hour factor, PHF                       0.97
Peak 15-min volume, v15                     1427           v
Trucks and buses                            0              %
Recreational vehicles                       0              %
Terrain type:                               Grade
    Grade                                   4.53           %
    Segment length                          0.51           mi
Trucks and buses PCE, ET                    3.5
Recreational vehicle PCE, ER                4.5
Heavy vehicle adjustment, fHV               1.000
Driver population factor, fp                0.95
Flow rate, vp                               2003           pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          3
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              3.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Urban Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               2003           pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              64.8           mi/h
Number of lanes, N                          3
Density, D                                  30.9           pc/mi/ln
Level of service, LOS                       D

  Overall results are not computed when free-flow speed is less than 55 mph.
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NB AM Between Off Ramp To SR-14 NB & On Ramp from SR-14 SB.txt

                HCS2000:  Basic Freeway Segments Release 4.1f

Salt Lake City Office
Korve Engineering
935 E. South Union Avenue
Suite D203
Midvale, UT 84047
Phone:  801-569-2131                        Fax:  801-569-2149
E-mail:  lseegmiller@korve.com

_________________________Operational Analysis__________________________________

Analyst:                Luke Seegmiller
Agency or Company:      Korve/DMJM Harris
Date Performed:         1/25/2007
Analysis Time Period:   AM Peak
Freeway/Direction:      I-5/NB
From/To:                SR-14 Off and SR-14 On-Ramp
Jurisdiction:
Analysis Year:          2010 With EIP
Description:

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   3595           veh/h
Peak-hour factor, PHF                       0.97
Peak 15-min volume, v15                     927            v
Trucks and buses                            0              %
Recreational vehicles                       0              %
Terrain type:                               Grade
    Grade                                   4.43           %
    Segment length                          0.59           mi
Trucks and buses PCE, ET                    3.5
Recreational vehicle PCE, ER                4.5
Heavy vehicle adjustment, fHV               1.000
Driver population factor, fp                0.95
Flow rate, vp                               975            pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          4
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              1.5            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Urban Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               975            pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          4
Density, D                                  13.9           pc/mi/ln
Level of service, LOS                       B

  Overall results are not computed when free-flow speed is less than 55 mph.
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NB PM Between Off Ramp To SR-14 NB & On Ramp from SR-14 SB.txt

                HCS2000:  Basic Freeway Segments Release 4.1f

Salt Lake City Office
Korve Engineering
935 E. South Union Avenue
Suite D203
Midvale, UT 84047
Phone:  801-569-2131                        Fax:  801-569-2149
E-mail:  lseegmiller@korve.com

_________________________Operational Analysis__________________________________

Analyst:                Luke Seegmiller
Agency or Company:      Korve/DMJM Harris
Date Performed:         1/25/2007
Analysis Time Period:   PM Peak
Freeway/Direction:      I-5/NB
From/To:                SR-14 Off to SR-14 On-Ramp
Jurisdiction:
Analysis Year:          2010 With EIP
Description:

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   4877           veh/h
Peak-hour factor, PHF                       0.97
Peak 15-min volume, v15                     1257           v
Trucks and buses                            0              %
Recreational vehicles                       0              %
Terrain type:                               Grade
    Grade                                   4.43           %
    Segment length                          0.59           mi
Trucks and buses PCE, ET                    3.5
Recreational vehicle PCE, ER                4.5
Heavy vehicle adjustment, fHV               1.000
Driver population factor, fp                0.95
Flow rate, vp                               1323           pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          4
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              1.5            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Urban Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               1323           pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          4
Density, D                                  18.9           pc/mi/ln
Level of service, LOS                       C

  Overall results are not computed when free-flow speed is less than 55 mph.
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                HCS2000:  Basic Freeway Segments Release 4.1f

Salt Lake City Office
Korve Engineering
935 E. South Union Avenue
Suite D203
Midvale, UT 84047
Phone:  801-569-2131                        Fax:  801-569-2149
E-mail:  lseegmiller@korve.com

_________________________Operational Analysis__________________________________

Analyst:                Luke Seegmiller
Agency or Company:      Korve/DMJM Harris
Date Performed:         1/25/2007
Analysis Time Period:   AM Peak
Freeway/Direction:      I-5/NB
From/To:                SR-14 On Ramp & Truck Rte On
Jurisdiction:
Analysis Year:          2010 With EIP
Description:

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   3939           veh/h
Peak-hour factor, PHF                       0.97
Peak 15-min volume, v15                     1015           v
Trucks and buses                            0              %
Recreational vehicles                       0              %
Terrain type:                               Grade
    Grade                                   4.53           %
    Segment length                          0.51           mi
Trucks and buses PCE, ET                    3.5
Recreational vehicle PCE, ER                4.5
Heavy vehicle adjustment, fHV               1.000
Driver population factor, fp                0.95
Flow rate, vp                               1069           pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          4
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              1.5            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Urban Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               1069           pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          4
Density, D                                  15.3           pc/mi/ln
Level of service, LOS                       B

  Overall results are not computed when free-flow speed is less than 55 mph.
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                HCS2000:  Basic Freeway Segments Release 4.1f

Salt Lake City Office
Korve Engineering
935 E. South Union Avenue
Suite D203
Midvale, UT 84047
Phone:  801-569-2131                        Fax:  801-569-2149
E-mail:  lseegmiller@korve.com

_________________________Operational Analysis__________________________________

Analyst:                Luke Seegmiller
Agency or Company:      Korve/DMJM Harris
Date Performed:         1/25/2007
Analysis Time Period:   PM Peak
Freeway/Direction:      I-5/NB
From/To:                SR-14 On Ramp & Truck Rte On
Jurisdiction:
Analysis Year:          2010 With EIP
Description:

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   5536           veh/h
Peak-hour factor, PHF                       0.97
Peak 15-min volume, v15                     1427           v
Trucks and buses                            0              %
Recreational vehicles                       0              %
Terrain type:                               Grade
    Grade                                   4.53           %
    Segment length                          0.51           mi
Trucks and buses PCE, ET                    3.5
Recreational vehicle PCE, ER                4.5
Heavy vehicle adjustment, fHV               1.000
Driver population factor, fp                0.95
Flow rate, vp                               1502           pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          4
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              1.5            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Urban Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               1502           pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              69.8           mi/h
Number of lanes, N                          4
Density, D                                  21.5           pc/mi/ln
Level of service, LOS                       C

  Overall results are not computed when free-flow speed is less than 55 mph.
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                SR14 Ramp to SR14 Ramp                                  
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2006                                                    
Description:  I-5 PA&ED - Existing                                              
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   3450           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     889            v                    
Trucks and buses                            0              %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   4.43           %                    
    Segment length                          0.59           mi                   
Trucks and buses PCE, ET                    3.5                                 
Recreational vehicle PCE, ER                4.5                                 
Heavy vehicle adjustment, fHV               1.000                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1248           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          3                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              3.0            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1248           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              70.0           mi/h                 
Number of lanes, N                          3                                   
Density, D                                  17.8           pc/mi/ln             
Level of service, LOS                       B                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                SR14 Ramp to Balboa                                     
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2006                                                    
Description:  I-5 PA&ED - Existing                                              
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   4690           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1209           v                    
Trucks and buses                            0              %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   -4.43          %                    
    Segment length                          0.64           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               1.000                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1697           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          3                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              3.0            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1697           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              68.8           mi/h                 
Number of lanes, N                          3                                   
Density, D                                  24.7           pc/mi/ln             
Level of service, LOS                       C                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                SR14 to Truck Route Bypass                              
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2006                                                    
Description:  I-5 PA&ED - Existing                                              
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   3780           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     974            v                    
Trucks and buses                            0              %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   4.53           %                    
    Segment length                          0.51           mi                   
Trucks and buses PCE, ET                    3.5                                 
Recreational vehicle PCE, ER                4.5                                 
Heavy vehicle adjustment, fHV               1.000                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1367           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          3                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              3.0            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1367           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              70.0           mi/h                 
Number of lanes, N                          3                                   
Density, D                                  19.5           pc/mi/ln             
Level of service, LOS                       C                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Truck Route Bypass to SR14                              
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2006                                                    
Description:  I-5 PA&ED - Existing                                              
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   4980           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1284           v                    
Trucks and buses                            0              %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   -4.53          %                    
    Segment length                          0.30           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               1.000                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1351           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1351           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              70.0           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  19.3           pc/mi/ln             
Level of service, LOS                       C                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
                                                                                
                                                                                
 



 

I-5 PA&ED HOV & Truck Lanes – SR-14 to Parker Road D-7 Austin-Foust Associates, Inc. 
Traffic Study  1044001rpt2-Appx.doc 
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Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                Truck Route Bypass to Calgrove                          
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2006                                                    
Description:  I-5 PA&ED - Existing                                              
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   5600           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1443           v                    
Trucks and buses                            9              %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   -5.10          %                    
    Segment length                          3.50           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.957                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1588           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1588           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              69.5           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  22.9           pc/mi/ln             
Level of service, LOS                       C                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1d                   
                                                                                
                                                                          
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Calgrove to Truck Route Bypass                          
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2006                                                    
Description:  I-5 PA&ED - Existing                                              
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   6200           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1598           v                    
Trucks and buses                            2              %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   5.10           %                    
    Segment length                          3.50           mi                   
Trucks and buses PCE, ET                    6.0                                 
Recreational vehicle PCE, ER                6.0                                 
Heavy vehicle adjustment, fHV               0.909                               
Driver population factor, fp                0.95                                
Flow rate, vp                               2467           pc/h/ln              
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           ft                   
Right-shoulder lateral clearance            6.0            ft                   
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          3                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              3.0            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               2467           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S                             mi/h                 
Number of lanes, N                          3                                   
Density, D                                                 pc/mi/ln             
Level of service, LOS                       F                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.                        
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                Calgrove to Pico                                        
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2006                                                    
Description:  I-5 PA&ED - Existing                                              
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   5620           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1448           v                    
Trucks and buses                            10             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   -2.50          %                    
    Segment length                          1.10           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.952                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1601           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1601           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              69.4           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  23.1           pc/mi/ln             
Level of service, LOS                       C                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1d                   
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Pico to Calgrove                                        
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2006                                                    
Description:  I-5 PA&ED - Existing                                              
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   5928           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1528           v                    
Trucks and buses                            2              %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   -2.50          %                    
    Segment length                          1.10           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.990                               
Driver population factor, fp                0.95                                
Flow rate, vp                               2166           pc/h/ln              
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           ft                   
Right-shoulder lateral clearance            6.0            ft                   
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          3                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              3.0            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               2166           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              61.1           mi/h                 
Number of lanes, N                          3                                   
Density, D                                  35.5           pc/mi/ln             
Level of service, LOS                       E                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph. 
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                Pico to McBean                                          
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2006                                                    
Description:  I-5 PA&ED - Existing                                              
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   5560           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1433           v                    
Trucks and buses                            10             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   2.50           %                    
    Segment length                          1.10           mi                   
Trucks and buses PCE, ET                    2.0                                 
Recreational vehicle PCE, ER                3.0                                 
Heavy vehicle adjustment, fHV               0.909                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1659           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1659           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              69.1           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  24.0           pc/mi/ln             
Level of service, LOS                       C                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                McBean to Pico                                          
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2006                                                    
Description:  I-5 PA&ED - Existing                                              
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   5730           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1477           v                    
Trucks and buses                            10             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   -2.50          %                    
    Segment length                          1.10           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.952                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1632           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1632           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              69.3           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  23.6           pc/mi/ln             
Level of service, LOS                       C                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                McBean to Valencia                                      
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2006                                                    
Description:  I-5 PA&ED - Existing                                              
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   5430           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1399           v                    
Trucks and buses                            11             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   -3.70          %                    
    Segment length                          1.00           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.948                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1554           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1554           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              69.6           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  22.3           pc/mi/ln             
Level of service, LOS                       C                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Valencia to McBean                                      
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2006                                                    
Description:  I-5 PA&ED - Existing                                              
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   5310           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1369           v                    
Trucks and buses                            11             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   3.70           %                    
    Segment length                          1.00           mi                   
Trucks and buses PCE, ET                    2.4                                 
Recreational vehicle PCE, ER                3.0                                 
Heavy vehicle adjustment, fHV               0.867                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1662           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1662           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              69.1           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  24.1           pc/mi/ln             
Level of service, LOS                       C                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                Valencia to Magic Mountain                              
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2006                                                    
Description:  I-5 PA&ED - Existing                                              
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   4490           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1157           v                    
Trucks and buses                            12             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   -2.80          %                    
    Segment length                          1.10           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.943                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1291           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1291           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              70.0           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  18.4           pc/mi/ln             
Level of service, LOS                       C                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Magic Mountain to Valencia                              
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2006                                                    
Description:  I-5 PA&ED - Existing                                              
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   4490           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1157           v                    
Trucks and buses                            12             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   2.80           %                    
    Segment length                          1.10           mi                   
Trucks and buses PCE, ET                    2.0                                 
Recreational vehicle PCE, ER                3.0                                 
Heavy vehicle adjustment, fHV               0.893                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1364           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1364           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              70.0           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  19.5           pc/mi/ln             
Level of service, LOS                       C                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                Magic Mountain to Rye Canyon                            
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2006                                                    
Description:  I-5 PA&ED - Existing                                              
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   3340           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     861            v                    
Trucks and buses                            14             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   -1.00          %                    
    Segment length                          2.40           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.935                               
Driver population factor, vp                0.95                                
Flow rate, vp                               970            pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               970            pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              70.0           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  13.9           pc/mi/ln             
Level of service, LOS                       B                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Rye Canyon to Magic Mountain                            
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2006                                                    
Description:  I-5 PA&ED - Existing                                              
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   4200           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1082           v                    
Trucks and buses                            14             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   -1.00          %                    
    Segment length                          2.40           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.935                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1219           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1219           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              70.0           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  17.4           pc/mi/ln             
Level of service, LOS                       B                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                Rye Canyon to SR-126                                    
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2006                                                    
Description:  I-5 PA&ED - Existing                                              
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   3340           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     861            v                    
Trucks and buses                            15             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   -1.00          %                    
    Segment length                          2.40           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.930                               
Driver population factor, vp                0.95                                
Flow rate, vp                               974            pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               974            pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              70.0           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  13.9           pc/mi/ln             
Level of service, LOS                       B                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                SR-126 to Rye Canyon                                    
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2006                                                    
Description:  I-5 PA&ED - Existing                                              
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   3420           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     881            v                    
Trucks and buses                            15             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   -1.00          %                    
    Segment length                          2.40           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.930                               
Driver population factor, vp                0.95                                
Flow rate, vp                               997            pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               997            pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              70.0           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  14.2           pc/mi/ln             
Level of service, LOS                       B                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                SR-126 to Hasley Canyon                                
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2006                                                    
Description:  I-5 PA&ED - Existing                                              
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   2170           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     559            v                    
Trucks and buses                            17             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   -1.00          %                    
    Segment length                          2.40           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.922                               
Driver population factor, vp                0.95                                
Flow rate, vp                               639            pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               639            pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              70.0           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  9.1            pc/mi/ln             
Level of service, LOS                       A                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph. 
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Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Hasley Canyon to SR-126                                
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2006                                                    
Description:  I-5 PA&ED - Existing                                              
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   3110           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     802            v                    
Trucks and buses                            17             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   -1.00          %                    
    Segment length                          2.40           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.922                               
Driver population factor, vp                0.95                                
Flow rate, vp                               915            pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               915            pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              70.0           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  13.1           pc/mi/ln             
Level of service, LOS                       B                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    



 

I-5 PA&ED HOV & Truck Lanes – SR-14 to Parker Road D-23 Austin-Foust Associates, Inc. 
Traffic Study  1044001rpt2-Appx.doc 

                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                Hasley Canyon to Parker                                 
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2006                                                    
Description:  I-5 PA&ED - Existing                                              
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   1570           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     405            v                    
Trucks and buses                            20             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   1.00           %                    
    Segment length                          2.40           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.909                               
Driver population factor, vp                0.95                                
Flow rate, vp                               469            pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               469            pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              70.0           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  6.7            pc/mi/ln             
Level of service, LOS                       A                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Parker to Hasley Canyon                                 
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2006                                                    
Description:  I-5 PA&ED - Existing                                              
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   2210           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     570            v                    
Trucks and buses                            21             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   -1.00          %                    
    Segment length                          2.40           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.905                               
Driver population factor, vp                0.95                                
Flow rate, vp                               663            pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               663            pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              70.0           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  9.5            pc/mi/ln             
Level of service, LOS                       A                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                Parker to Lake Hughes                                   
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2006                                                    
Description:  I-5 PA&ED - Existing                                              
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   1190           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     307            v                    
Trucks and buses                            25             %                    
Recreational vehicles                       3              %                    
Terrain type:                               Level                               
    Grade                                   3.60           %                    
    Segment length                          1.00           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.884                               
Driver population factor, vp                0.95                                
Flow rate, vp                               365            pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               365            pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              70.0           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  5.2            pc/mi/ln             
Level of service, LOS                       A                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph. 
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Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Lake Hughes to Parker                                   
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2006                                                    
Description:  I-5 PA&ED - Existing                                              
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   1600           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     412            v                    
Trucks and buses                            25             %                    
Recreational vehicles                       3              %                    
Terrain type:                               Level                               
    Grade                                   3.60           %                    
    Segment length                          1.00           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.884                               
Driver population factor, vp                0.95                                
Flow rate, vp                               491            pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               491            pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              70.0           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  7.0            pc/mi/ln             
Level of service, LOS                       A                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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 APPENDIX D (Cont.) 
HIGHWAY CAPACITY MANUAL WORKSHEETS 

 
b. Existing Conditions – PM Peak Hour 
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Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                SR14 Ramp to SR14 Ramp                                  
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2006                                                    
Description:  I-5 PA&ED - Existing                                              
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   4810           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1240           v                    
Trucks and buses                            0              %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   4.43           %                    
    Segment length                          0.59           mi                   
Trucks and buses PCE, ET                    3.5                                 
Recreational vehicle PCE, ER                4.5                                 
Heavy vehicle adjustment, fHV               1.000                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1740           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          3                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              3.0            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1740           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              68.5           mi/h                 
Number of lanes, N                          3                                   
Density, D                                  25.4           pc/mi/ln             
Level of service, LOS                       C                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                SR14 Ramp to Balboa                                     
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2006                                                    
Description:  I-5 PA&ED - Existing                                              
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   4485           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1156           v                    
Trucks and buses                            0              %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   -4.43          %                    
    Segment length                          0.64           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               1.000                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1622           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          3                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              3.0            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1622           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              69.3           mi/h                 
Number of lanes, N                          3                                   
Density, D                                  23.4           pc/mi/ln             
Level of service, LOS                       C                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                SR14 to Truck Route Bypass                              
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2006                                                    
Description:  I-5 PA&ED - Existing                                              
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   5460           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1407           v                    
Trucks and buses                            0              %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   4.53           %                    
    Segment length                          0.51           mi                   
Trucks and buses PCE, ET                    3.5                                 
Recreational vehicle PCE, ER                4.5                                 
Heavy vehicle adjustment, fHV               1.000                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1975           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          3                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              3.0            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1975           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              65.3           mi/h                 
Number of lanes, N                          3                                   
Density, D                                  30.2           pc/mi/ln             
Level of service, LOS                       D                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Truck Route Bypass to SR14                              
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2006                                                    
Description:  I-5 PA&ED - Existing                                              
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   5060           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1304           v                    
Trucks and buses                            0              %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   -4.53          %                    
    Segment length                          0.30           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               1.000                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1373           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1373           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              70.0           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  19.6           pc/mi/ln             
Level of service, LOS                       C                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                Truck Route Bypass to Calgrove                          
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2006                                                    
Description:  I-5 PA&ED - Existing                                              
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   6970           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1796           v                    
Trucks and buses                            9              %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   -5.10          %                    
    Segment length                          3.50           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.957                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1976           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1976           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              65.3           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  30.3           pc/mi/ln             
Level of service, LOS                       D                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
                                                                                
                                                                                
 



 

I-5 PA&ED HOV & Truck Lanes – SR-14 to Parker Road D-33 Austin-Foust Associates, Inc. 
Traffic Study  1044001rpt2-Appx.doc 

                HCS2000:  Basic Freeway Segments Release 4.1d                   
                                                                                
 
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Calgrove to Truck Route Bypass                          
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2006                                                    
Description:  I-5 PA&ED - Existing                                              
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   6109           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1574           v                    
Trucks and buses                            2              %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   5.10           %                    
    Segment length                          3.50           mi                   
Trucks and buses PCE, ET                    6.0                                 
Recreational vehicle PCE, ER                6.0                                 
Heavy vehicle adjustment, fHV               0.909                               
Driver population factor, fp                0.95                                
Flow rate, vp                               2431           pc/h/ln              
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           ft                   
Right-shoulder lateral clearance            6.0            ft                   
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          3                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              3.0            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               2431           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S                             mi/h                 
Number of lanes, N                          3                                   
Density, D                                                 pc/mi/ln             
Level of service, LOS                       F                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                Calgrove to Pico                                        
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2006                                                    
Description:  I-5 PA&ED - Existing                                              
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   7020           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1809           v                    
Trucks and buses                            10             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   -2.50          %                    
    Segment length                          1.10           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.952                               
Driver population factor, vp                0.95                                
Flow rate, vp                               2000           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               2000           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              64.9           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  30.8           pc/mi/ln             
Level of service, LOS                       D                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1d                   
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Pico to Calgrove                                        
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2006                                                    
Description:  I-5 PA&ED - Existing                                              
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   6156           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1587           v                    
Trucks and buses                            2              %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   -2.50          %                    
    Segment length                          1.10           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.990                               
Driver population factor, fp                0.95                                
Flow rate, vp                               2249           pc/h/ln              
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           ft                   
Right-shoulder lateral clearance            6.0            ft                   
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          3                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              3.0            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               2249           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              58.6           mi/h                 
Number of lanes, N                          3                                   
Density, D                                  38.3           pc/mi/ln             
Level of service, LOS                       E                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                Pico to McBean                                          
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2006                                                    
Description:  I-5 PA&ED - Existing                                              
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   6610           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1704           v                    
Trucks and buses                            10             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   2.50           %                    
    Segment length                          1.10           mi                   
Trucks and buses PCE, ET                    2.0                                 
Recreational vehicle PCE, ER                3.0                                 
Heavy vehicle adjustment, fHV               0.909                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1973           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1973           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              65.4           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  30.2           pc/mi/ln             
Level of service, LOS                       D                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                McBean to Pico                                          
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2006                                                    
Description:  I-5 PA&ED - Existing                                              
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   6450           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1662           v                    
Trucks and buses                            10             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   -2.50          %                    
    Segment length                          1.10           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.952                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1837           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1837           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              67.4           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  27.2           pc/mi/ln             
Level of service, LOS                       D                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                McBean to Valencia                                      
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2006                                                    
Description:  I-5 PA&ED - Existing                                              
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   6050           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1559           v                    
Trucks and buses                            11             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   -3.70          %                    
    Segment length                          1.00           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.948                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1732           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1732           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              68.5           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  25.3           pc/mi/ln             
Level of service, LOS                       C                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Valencia to McBean                                      
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2006                                                    
Description:  I-5 PA&ED - Existing                                              
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   6420           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1655           v                    
Trucks and buses                            11             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   3.70           %                    
    Segment length                          1.00           mi                   
Trucks and buses PCE, ET                    2.4                                 
Recreational vehicle PCE, ER                3.0                                 
Heavy vehicle adjustment, fHV               0.867                               
Driver population factor, vp                0.95                                
Flow rate, vp                               2010           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               2010           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              64.7           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  31.1           pc/mi/ln             
Level of service, LOS                       D                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                Valencia to Magic Mountain                              
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2006                                                    
Description:  I-5 PA&ED - Existing                                              
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   6050           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1559           v                    
Trucks and buses                            12             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   -2.80          %                    
    Segment length                          1.10           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.943                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1740           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1740           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              68.5           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  25.4           pc/mi/ln             
Level of service, LOS                       C                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Magic Mountain to Valencia                              
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2006                                                    
Description:  I-5 PA&ED - Existing                                              
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   5600           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1443           v                    
Trucks and buses                            12             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   2.80           %                    
    Segment length                          1.10           mi                   
Trucks and buses PCE, ET                    2.0                                 
Recreational vehicle PCE, ER                3.0                                 
Heavy vehicle adjustment, fHV               0.893                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1702           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1702           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              68.8           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  24.7           pc/mi/ln             
Level of service, LOS                       C                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                Magic Mountain to Rye Canyon                            
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2006                                                    
Description:  I-5 PA&ED - Existing                                              
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   4080           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1052           v                    
Trucks and buses                            14             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   -1.00          %                    
    Segment length                          2.40           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.935                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1184           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1184           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              70.0           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  16.9           pc/mi/ln             
Level of service, LOS                       B                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Rye Canyon to Magic Mountain                            
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2006                                                    
Description:  I-5 PA&ED - Existing                                              
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   5350           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1379           v                    
Trucks and buses                            14             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   -1.00          %                    
    Segment length                          2.40           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.935                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1553           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1553           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              69.6           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  22.3           pc/mi/ln             
Level of service, LOS                       C                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                Rye Canyon to SR-126                                    
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2006                                                    
Description:  I-5 PA&ED - Existing                                              
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   4080           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1052           v                    
Trucks and buses                            15             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   -1.00          %                    
    Segment length                          2.40           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.930                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1190           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1190           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              70.0           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  17.0           pc/mi/ln             
Level of service, LOS                       B                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                SR-126 to Rye Canyon                                    
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2006                                                    
Description:  I-5 PA&ED - Existing                                              
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   4150           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1070           v                    
Trucks and buses                            15             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   -1.00          %                    
    Segment length                          2.40           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.930                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1210           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1210           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              70.0           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  17.3           pc/mi/ln             
Level of service, LOS                       B                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                SR-126 to Hasley Canyon                                 
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2006                                                    
Description:  I-5 PA&ED - Existing                                              
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   4080           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1052           v                    
Trucks and buses                            17             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   -1.00          %                    
    Segment length                          2.40           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.922                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1201           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1201           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              70.0           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  17.2           pc/mi/ln             
Level of service, LOS                       B                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Hasley Canyon to SR-126                                
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2006                                                    
Description:  I-5 PA&ED - Existing                                              
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   3010           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     776            v                    
Trucks and buses                            17             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   -1.00          %                    
    Segment length                          2.40           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.922                               
Driver population factor, vp                0.95                                
Flow rate, vp                               886            pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               886            pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              70.0           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  12.7           pc/mi/ln             
Level of service, LOS                       B                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                Hasley Canyon to Parker                                 
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2006                                                    
Description:  I-5 PA&ED - Existing                                              
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   2790           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     719            v                    
Trucks and buses                            20             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   1.00           %                    
    Segment length                          2.40           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.909                               
Driver population factor, vp                0.95                                
Flow rate, vp                               833            pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               833            pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              70.0           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  11.9           pc/mi/ln             
Level of service, LOS                       B                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Parker to Hasley Canyon                                 
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2006                                                    
Description:  I-5 PA&ED - Existing                                              
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   2420           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     624            v                    
Trucks and buses                            21             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   -1.00          %                    
    Segment length                          2.40           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.905                               
Driver population factor, vp                0.95                                
Flow rate, vp                               725            pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               725            pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              70.0           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  10.4           pc/mi/ln             
Level of service, LOS                       A                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                Parker to Lake Hughes                                   
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2006                                                    
Description:  I-5 PA&ED - Existing                                              
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   2250           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     580            v                    
Trucks and buses                            25             %                    
Recreational vehicles                       3              %                    
Terrain type:                               Level                               
    Grade                                   3.60           %                    
    Segment length                          1.00           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.884                               
Driver population factor, vp                0.95                                
Flow rate, vp                               690            pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               690            pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              70.0           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  9.9            pc/mi/ln             
Level of service, LOS                       A                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Lake Hughes to Parker                                   
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2006                                                    
Description:  I-5 PA&ED - Existing                                              
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   2040           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     526            v                    
Trucks and buses                            25             %                    
Recreational vehicles                       3              %                    
Terrain type:                               Level                               
    Grade                                   3.60           %                    
    Segment length                          1.00           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.884                               
Driver population factor, vp                0.95                                
Flow rate, vp                               626            pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               626            pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              70.0           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  8.9            pc/mi/ln             
Level of service, LOS                       A                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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c. 2015 No-Build Conditions – AM Peak Hour 
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                SR14 Ramp to SR14 Ramp                                  
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2015                                                    
Description:  I-5 PA&ED - No-Build Alternative                                  
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   3760           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     969            v                    
Trucks and buses                            2              %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   4.43           %                    
    Segment length                          0.59           mi                   
Trucks and buses PCE, ET                    3.5                                 
Recreational vehicle PCE, ER                4.5                                 
Heavy vehicle adjustment, fHV               0.952                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1428           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          3                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              3.0            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1428           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              69.9           mi/h                 
Number of lanes, N                          3                                   
Density, D                                  20.4           pc/mi/ln             
Level of service, LOS                       C                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                SR14 Ramp to Balboa                                     
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2015                                                    
Description:  I-5 PA&ED - No-Build Alternative                                  
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   4760           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1227           v                    
Trucks and buses                            0              %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   -4.43          %                    
    Segment length                          0.64           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               1.000                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1722           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          3                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              3.0            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1722           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              68.6           mi/h                 
Number of lanes, N                          3                                   
Density, D                                  25.1           pc/mi/ln             
Level of service, LOS                       C                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                SR14 to Truck Route Bypass                              
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2015                                                    
Description:  I-5 PA&ED - No-Build Alternative                                  
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   4120           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1062           v                    
Trucks and buses                            0              %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   4.53           %                    
    Segment length                          0.51           mi                   
Trucks and buses PCE, ET                    3.5                                 
Recreational vehicle PCE, ER                4.5                                 
Heavy vehicle adjustment, fHV               1.000                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1490           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          3                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              3.0            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1490           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              69.8           mi/h                 
Number of lanes, N                          3                                   
Density, D                                  21.3           pc/mi/ln             
Level of service, LOS                       C                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Truck Route Bypass to SR14                              
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2015                                                    
Description:  I-5 PA&ED - No-Build Alternative                                  
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   5050           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1302           v                    
Trucks and buses                            0              %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   -4.53          %                    
    Segment length                          0.30           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               1.000                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1370           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1370           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              70.0           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  19.6           pc/mi/ln             
Level of service, LOS                       C                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
                                                                                
                                                                                
 



 

I-5 PA&ED HOV & Truck Lanes – SR-14 to Parker Road D-57 Austin-Foust Associates, Inc. 
Traffic Study  1044001rpt2-Appx.doc 

                                                                                
                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                Truck Route Bypass to Calgrove                          
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2015                                                    
Description:  I-5 PA&ED - No-Build Alternative                                  
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   6100           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1572           v                    
Trucks and buses                            9              %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   -5.10          %                    
    Segment length                          3.50           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.957                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1729           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1729           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              68.6           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  25.2           pc/mi/ln             
Level of service, LOS                       C                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1d                   
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Calgrove to Truck Route Bypass                          
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2015                                                    
Description:  I-5 PA&ED - No-Build Alternative                                  
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   6231           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1606           v                    
Trucks and buses                            2              %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   5.10           %                    
    Segment length                          3.50           mi                   
Trucks and buses PCE, ET                    6.0                                 
Recreational vehicle PCE, ER                6.0                                 
Heavy vehicle adjustment, fHV               0.909                               
Driver population factor, fp                0.95                                
Flow rate, vp                               2479           pc/h/ln              
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           ft                   
Right-shoulder lateral clearance            6.0            ft                   
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          3                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              3.0            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               2479           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S                             mi/h                 
Number of lanes, N                          3                                   
Density, D                                                 pc/mi/ln             
Level of service, LOS                       F                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
                                                                                
                                                                                
 



 

I-5 PA&ED HOV & Truck Lanes – SR-14 to Parker Road D-59 Austin-Foust Associates, Inc. 
Traffic Study  1044001rpt2-Appx.doc 

                                                                                
                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                Calgrove to Pico                                        
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2015                                                    
Description:  I-5 PA&ED - No-Build Alternative                                  
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   6500           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1675           v                    
Trucks and buses                            10             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   -2.50          %                    
    Segment length                          1.10           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.952                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1852           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1852           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              67.2           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  27.5           pc/mi/ln             
Level of service, LOS                       D                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
                                                                                
                                                                                
 



 

I-5 PA&ED HOV & Truck Lanes – SR-14 to Parker Road D-60 Austin-Foust Associates, Inc. 
Traffic Study  1044001rpt2-Appx.doc 

                                                                                
                HCS2000:  Basic Freeway Segments Release 4.1d                   
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Pico to Calgrove                                        
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2015                                                    
Description:  I-5 PA&ED - No-Build Alternative                                  
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   6072           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1565           v                    
Trucks and buses                            2              %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   -2.50          %                    
    Segment length                          1.10           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.990                               
Driver population factor, fp                0.95                                
Flow rate, vp                               2218           pc/h/ln              
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           ft                   
Right-shoulder lateral clearance            6.0            ft                   
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          3                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              3.0            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               2218           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              59.6           mi/h                 
Number of lanes, N                          3                                   
Density, D                                  37.2           pc/mi/ln             
Level of service, LOS                       E                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                Pico to McBean                                          
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2015                                                    
Description:  I-5 PA&ED - No-Build Alternative                                  
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   6900           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1778           v                    
Trucks and buses                            10             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   2.50           %                    
    Segment length                          1.10           mi                   
Trucks and buses PCE, ET                    2.0                                 
Recreational vehicle PCE, ER                3.0                                 
Heavy vehicle adjustment, fHV               0.909                               
Driver population factor, vp                0.95                                
Flow rate, vp                               2059           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               2059           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              63.6           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  32.3           pc/mi/ln             
Level of service, LOS                       D                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                McBean to Pico                                          
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2015                                                    
Description:  I-5 PA&ED - No-Build Alternative                                  
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   5900           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1521           v                    
Trucks and buses                            10             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   -2.50          %                    
    Segment length                          1.10           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.952                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1681           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1681           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              68.9           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  24.4           pc/mi/ln             
Level of service, LOS                       C                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                McBean to Valencia                                      
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2015                                                    
Description:  I-5 PA&ED - No-Build Alternative                                  
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   7000           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1804           v                    
Trucks and buses                            11             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   -3.70          %                    
    Segment length                          1.00           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.948                               
Driver population factor, vp                0.95                                
Flow rate, vp                               2004           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               2004           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              64.8           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  30.9           pc/mi/ln             
Level of service, LOS                       D                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Valencia to McBean                                      
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2015                                                    
Description:  I-5 PA&ED - No-Build Alternative                                  
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   6100           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1572           v                    
Trucks and buses                            11             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   3.70           %                    
    Segment length                          1.00           mi                   
Trucks and buses PCE, ET                    2.4                                 
Recreational vehicle PCE, ER                3.0                                 
Heavy vehicle adjustment, fHV               0.867                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1910           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1910           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              66.4           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  28.8           pc/mi/ln             
Level of service, LOS                       D                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                Valencia to Magic Mountain                              
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2015                                                    
Description:  I-5 PA&ED - No-Build Alternative                                  
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   6200           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1598           v                    
Trucks and buses                            12             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   -2.80          %                    
    Segment length                          1.10           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.943                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1783           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1783           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              68.0           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  26.2           pc/mi/ln             
Level of service, LOS                       D                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Magic Mountain to Valencia                              
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2015                                                    
Description:  I-5 PA&ED - No-Build Alternative                                  
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   5400           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1392           v                    
Trucks and buses                            12             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   2.80           %                    
    Segment length                          1.10           mi                   
Trucks and buses PCE, ET                    2.0                                 
Recreational vehicle PCE, ER                3.0                                 
Heavy vehicle adjustment, fHV               0.893                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1641           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1641           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              69.2           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  23.7           pc/mi/ln             
Level of service, LOS                       C                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                Magic Mountain to Rye Canyon                            
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2015                                                    
Description:  I-5 PA&ED - No-Build Alternative                                  
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   5600           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1443           v                    
Trucks and buses                            12             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   -1.00          %                    
    Segment length                          2.40           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.943                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1610           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1610           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              69.4           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  23.2           pc/mi/ln             
Level of service, LOS                       C                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Rye Canyon to Magic Mountain                            
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2015                                                    
Description:  I-5 PA&ED - No-Build Alternative                                  
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   5100           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1314           v                    
Trucks and buses                            12             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   -1.00          %                    
    Segment length                          2.40           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.943                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1467           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1467           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              69.9           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  21.0           pc/mi/ln             
Level of service, LOS                       C                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                Rye Canyon to SR-126                                    
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2015                                                    
Description:  I-5 PA&ED - No-Build Alternative                                  
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   5600           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1443           v                    
Trucks and buses                            12             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   -1.00          %                    
    Segment length                          2.40           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.943                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1610           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1610           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              69.4           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  23.2           pc/mi/ln             
Level of service, LOS                       C                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                SR-126 to Rye Canyon                                    
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2015                                                    
Description:  I-5 PA&ED - No-Build Alternative                                  
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   4900           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1263           v                    
Trucks and buses                            12             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   -1.00          %                    
    Segment length                          2.40           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.943                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1409           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1409           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              70.0           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  20.1           pc/mi/ln             
Level of service, LOS                       C                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                SR-126 to Hasley Canyon                                
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2015                                                    
Description:  I-5 PA&ED - No-Build Alternative                                  
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   4800           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1237           v                    
Trucks and buses                            12             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   -1.00          %                    
    Segment length                          2.40           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.943                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1380           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1380           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              70.0           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  19.7           pc/mi/ln             
Level of service, LOS                       C                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Hasley Canyon to SR-126                                
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2015                                                    
Description:  I-5 PA&ED - No-Build Alternative                                  
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   5300           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1366           v                    
Trucks and buses                            12             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   -1.00          %                    
    Segment length                          2.40           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.943                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1524           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1524           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              69.7           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  21.9           pc/mi/ln             
Level of service, LOS                       C                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                Hasley Canyon to Parker                                 
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2015                                                    
Description:  I-5 PA&ED - No-Build Alternative                                  
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   3100           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     799            v                    
Trucks and buses                            13             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   1.00           %                    
    Segment length                          2.40           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.939                               
Driver population factor, vp                0.95                                
Flow rate, vp                               896            pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               896            pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              70.0           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  12.8           pc/mi/ln             
Level of service, LOS                       B                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Parker to Hasley Canyon                                 
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2015                                                    
Description:  I-5 PA&ED - No-Build Alternative                                  
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   4700           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1211           v                    
Trucks and buses                            13             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   -1.00          %                    
    Segment length                          2.40           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.939                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1358           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1358           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              70.0           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  19.4           pc/mi/ln             
Level of service, LOS                       C                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                Parker to Lake Hughes                                   
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2015                                                    
Description:  I-5 PA&ED - No-Build Alternative                                  
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   2700           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     696            v                    
Trucks and buses                            15             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   3.60           %                    
    Segment length                          1.00           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.930                               
Driver population factor, vp                0.95                                
Flow rate, vp                               787            pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               787            pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              70.0           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  11.2           pc/mi/ln             
Level of service, LOS                       B                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Lake Hughes to Parker                                   
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2015                                                    
Description:  I-5 PA&ED - No-Build Alternative                                  
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   3300           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     851            v                    
Trucks and buses                            15             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   3.60           %                    
    Segment length                          1.00           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.930                               
Driver population factor, vp                0.95                                
Flow rate, vp                               962            pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               962            pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              70.0           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  13.7           pc/mi/ln             
Level of service, LOS                       B                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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 APPENDIX D (Cont.) 
HIGHWAY CAPACITY MANUAL WORKSHEETS 

 
d. 2015 No-Build Conditions – PM Peak Hour 
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                SR14 Ramp to SR14 Ramp                                  
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2015                                                    
Description:  I-5 PA&ED - No-Build Alternative                                  
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   4970           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1281           v                    
Trucks and buses                            0              %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   4.43           %                    
    Segment length                          0.59           mi                   
Trucks and buses PCE, ET                    3.5                                 
Recreational vehicle PCE, ER                4.5                                 
Heavy vehicle adjustment, fHV               1.000                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1798           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          3                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              3.0            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1798           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              67.9           mi/h                 
Number of lanes, N                          3                                   
Density, D                                  26.5           pc/mi/ln             
Level of service, LOS                       D                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                SR14 Ramp to Balboa                                     
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2015                                                    
Description:  I-5 PA&ED - No-Build Alternative                                  
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   5180           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1335           v                    
Trucks and buses                            0              %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   -4.43          %                    
    Segment length                          0.64           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               1.000                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1405           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1405           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              70.0           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  20.1           pc/mi/ln             
Level of service, LOS                       C                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                SR14 to Truck Route Bypass                              
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2015                                                    
Description:  I-5 PA&ED - No-Build Alternative                                  
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   5640           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1454           v                    
Trucks and buses                            0              %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   4.53           %                    
    Segment length                          0.51           mi                   
Trucks and buses PCE, ET                    3.5                                 
Recreational vehicle PCE, ER                4.5                                 
Heavy vehicle adjustment, fHV               1.000                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1530           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1530           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              69.7           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  21.9           pc/mi/ln             
Level of service, LOS                       C                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Truck Route Bypass to SR14                              
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2015                                                    
Description:  I-5 PA&ED - No-Build Alternative                                  
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   5840           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1505           v                    
Trucks and buses                            0              %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   -4.53          %                    
    Segment length                          0.64           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               1.000                               
Driver population factor, vp                0.95                                
Flow rate, vp                               2112           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          3                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              3.0            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               2112           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              62.4           mi/h                 
Number of lanes, N                          3                                   
Density, D                                  33.8           pc/mi/ln             
Level of service, LOS                       D                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                Truck Route Bypass to Calgrove                          
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2015                                                    
Description:  I-5 PA&ED - No-Build Alternative                                  
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   7200           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1856           v                    
Trucks and buses                            9              %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   -5.10          %                    
    Segment length                          3.50           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.957                               
Driver population factor, vp                0.95                                
Flow rate, vp                               2041           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               2041           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              64.0           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  31.9           pc/mi/ln             
Level of service, LOS                       D                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1d                   
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Calgrove to Truck Route Bypass                          
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2015                                                    
Description:  I-5 PA&ED - No-Build Alternative                                  
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   6882           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1774           v                    
Trucks and buses                            2              %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   5.10           %                    
    Segment length                          3.50           mi                   
Trucks and buses PCE, ET                    6.0                                 
Recreational vehicle PCE, ER                6.0                                 
Heavy vehicle adjustment, fHV               0.909                               
Driver population factor, fp                0.95                                
Flow rate, vp                               2738           pc/h/ln              
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           ft                   
Right-shoulder lateral clearance            6.0            ft                   
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          3                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              3.0            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               2738           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S                             mi/h                 
Number of lanes, N                          3                                   
Density, D                                                 pc/mi/ln             
Level of service, LOS                       F                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                Calgrove to Pico                                        
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2015                                                    
Description:  I-5 PA&ED - No-Build Alternative                                  
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   7300           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1881           v                    
Trucks and buses                            10             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   -2.50          %                    
    Segment length                          1.10           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.952                               
Driver population factor, vp                0.95                                
Flow rate, vp                               2079           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               2079           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              63.2           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  32.9           pc/mi/ln             
Level of service, LOS                       D                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1d                   
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Pico to Calgrove                                        
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2015                                                    
Description:  I-5 PA&ED - No-Build Alternative                                  
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   6808           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1755           v                    
Trucks and buses                            2              %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   -2.50          %                    
    Segment length                          1.10           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.990                               
Driver population factor, fp                0.95                                
Flow rate, vp                               2487           pc/h/ln              
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           ft                   
Right-shoulder lateral clearance            6.0            ft                   
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          3                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              3.0            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               2487           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S                             mi/h                 
Number of lanes, N                          3                                   
Density, D                                                 pc/mi/ln             
Level of service, LOS                       F                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                Pico to McBean                                          
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2015                                                    
Description:  I-5 PA&ED - No-Build Alternative                                  
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   7000           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1804           v                    
Trucks and buses                            10             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   2.50           %                    
    Segment length                          1.10           mi                   
Trucks and buses PCE, ET                    2.0                                 
Recreational vehicle PCE, ER                3.0                                 
Heavy vehicle adjustment, fHV               0.909                               
Driver population factor, vp                0.95                                
Flow rate, vp                               2089           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               2089           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              63.0           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  33.2           pc/mi/ln             
Level of service, LOS                       D                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                McBean to Pico                                          
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2015                                                    
Description:  I-5 PA&ED - No-Build Alternative                                  
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   8000           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     2062           v                    
Trucks and buses                            10             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   -2.50          %                    
    Segment length                          1.10           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.952                               
Driver population factor, vp                0.95                                
Flow rate, vp                               2279           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               2279           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              57.7           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  39.5           pc/mi/ln             
Level of service, LOS                       E                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                McBean to Valencia                                      
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2015                                                    
Description:  I-5 PA&ED - No-Build Alternative                                  
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   6800           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1753           v                    
Trucks and buses                            11             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   -3.70          %                    
    Segment length                          1.00           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.948                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1946           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1946           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              65.8           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  29.6           pc/mi/ln             
Level of service, LOS                       D                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Valencia to McBean                                      
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2015                                                    
Description:  I-5 PA&ED - No-Build Alternative                                  
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   8200           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     2113           v                    
Trucks and buses                            11             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   3.70           %                    
    Segment length                          1.00           mi                   
Trucks and buses PCE, ET                    2.4                                 
Recreational vehicle PCE, ER                3.0                                 
Heavy vehicle adjustment, fHV               0.867                               
Driver population factor, vp                0.95                                
Flow rate, vp                               2567           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               2567           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S                             mi/h                 
Number of lanes, N                          4                                   
Density, D                                                 pc/mi/ln             
Level of service, LOS                                                           
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                Valencia to Magic Mountain                              
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2015                                                    
Description:  I-5 PA&ED - No-Build Alternative                                  
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   6200           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1598           v                    
Trucks and buses                            12             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   -2.80          %                    
    Segment length                          1.10           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.943                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1783           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1783           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              68.0           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  26.2           pc/mi/ln             
Level of service, LOS                       D                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Magic Mountain to Valencia                              
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2015                                                    
Description:  I-5 PA&ED - No-Build Alternative                                  
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   7800           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     2010           v                    
Trucks and buses                            12             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   2.80           %                    
    Segment length                          1.10           mi                   
Trucks and buses PCE, ET                    2.0                                 
Recreational vehicle PCE, ER                3.0                                 
Heavy vehicle adjustment, fHV               0.893                               
Driver population factor, vp                0.95                                
Flow rate, vp                               2370           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               2370           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              54.5           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  43.5           pc/mi/ln             
Level of service, LOS                       E                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                Magic Mountain to Rye Canyon                            
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2015                                                    
Description:  I-5 PA&ED - No-Build Alternative                                  
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   5800           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1495           v                    
Trucks and buses                            12             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   -1.00          %                    
    Segment length                          2.40           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.943                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1668           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1668           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              69.0           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  24.2           pc/mi/ln             
Level of service, LOS                       C                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Rye Canyon to Magic Mountain                            
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2015                                                    
Description:  I-5 PA&ED - No-Build Alternative                                  
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   8100           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     2088           v                    
Trucks and buses                            12             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   -1.00          %                    
    Segment length                          2.40           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.943                               
Driver population factor, vp                0.95                                
Flow rate, vp                               2329           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               2329           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              56.0           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  41.6           pc/mi/ln             
Level of service, LOS                       E                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                Rye Canyon to SR-126                                    
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2015                                                    
Description:  I-5 PA&ED - No-Build Alternative                                  
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   5800           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1495           v                    
Trucks and buses                            12             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   -1.00          %                    
    Segment length                          2.40           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.943                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1668           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1668           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              69.0           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  24.2           pc/mi/ln             
Level of service, LOS                       C                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                SR-126 to Rye Canyon                                    
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2015                                                    
Description:  I-5 PA&ED - No-Build Alternative                                  
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   6800           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1753           v                    
Trucks and buses                            12             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   -1.00          %                    
    Segment length                          2.40           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.943                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1956           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1956           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              65.7           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  29.8           pc/mi/ln             
Level of service, LOS                       D                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                SR-126 to Hasley Canyon                                 
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2015                                                    
Description:  I-5 PA&ED - No-Build Alternative                                  
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   6500           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1675           v                    
Trucks and buses                            12             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   -1.00          %                    
    Segment length                          2.40           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.943                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1869           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1869           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              67.0           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  27.9           pc/mi/ln             
Level of service, LOS                       D                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Hasley Canyon to SR-126                                 
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2015                                                    
Description:  I-5 PA&ED - No-Build Alternative                                  
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   6400           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1649           v                    
Trucks and buses                            12             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   -1.00          %                    
    Segment length                          2.40           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.943                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1840           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1840           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              67.4           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  27.3           pc/mi/ln             
Level of service, LOS                       D                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                Hasley Canyon to Parker                                 
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2015                                                    
Description:  I-5 PA&ED - No-Build Alternative                                  
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   6100           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1572           v                    
Trucks and buses                            13             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   1.00           %                    
    Segment length                          2.40           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.939                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1762           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1762           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              68.3           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  25.8           pc/mi/ln             
Level of service, LOS                       C                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
                                                                                
                                                                                
 



 

I-5 PA&ED HOV & Truck Lanes – SR-14 to Parker Road D-99 Austin-Foust Associates, Inc. 
Traffic Study  1044001rpt2-Appx.doc 

                                                                                
                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Parker to Hasley Canyon                                 
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2015                                                    
Description:  I-5 PA&ED - No-Build Alternative                                  
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   4700           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1211           v                    
Trucks and buses                            13             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   -1.00          %                    
    Segment length                          2.40           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.939                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1358           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1358           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              70.0           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  19.4           pc/mi/ln             
Level of service, LOS                       C                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                Parker to Lake Hughes                                   
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2015                                                    
Description:  I-5 PA&ED - No-Build Alternative                                  
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   4700           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1211           v                    
Trucks and buses                            15             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   3.60           %                    
    Segment length                          1.00           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.930                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1371           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1371           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              70.0           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  19.6           pc/mi/ln             
Level of service, LOS                       C                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Lake Hughes to Parker                                   
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2015                                                    
Description:  I-5 PA&ED - No-Build Alternative                                  
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   4100           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1057           v                    
Trucks and buses                            15             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   3.60           %                    
    Segment length                          1.00           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.930                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1196           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1196           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              70.0           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  17.1           pc/mi/ln             
Level of service, LOS                       B                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                SR14 Ramp to SR14 Ramp                                  
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2015                                                    
Description:  I-5 PA&ED - Build Alternative                                     
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   2630           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     678            v                    
Trucks and buses                            2              %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   4.43           %                    
    Segment length                          0.59           mi                   
Trucks and buses PCE, ET                    3.5                                 
Recreational vehicle PCE, ER                4.5                                 
Heavy vehicle adjustment, fHV               0.952                               
Driver population factor, vp                0.95                                
Flow rate, vp                               999            pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          3                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              3.0            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               999            pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              70.0           mi/h                 
Number of lanes, N                          3                                   
Density, D                                  14.3           pc/mi/ln             
Level of service, LOS                       B                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                SR14 Ramp to Balboa                                     
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2015                                                    
Description:  I-5 PA&ED - Build Alternative                                     
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   3550           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     915            v                    
Trucks and buses                            0              %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   -4.43          %                    
    Segment length                          0.64           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               1.000                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1284           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          3                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              3.0            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1284           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              70.0           mi/h                 
Number of lanes, N                          3                                   
Density, D                                  18.3           pc/mi/ln             
Level of service, LOS                       C                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                SR14 to Truck Route Bypass                              
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2015                                                    
Description:  I-5 PA&ED - Build Alternative                                     
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   2990           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     771            v                    
Trucks and buses                            0              %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   4.53           %                    
    Segment length                          0.51           mi                   
Trucks and buses PCE, ET                    3.5                                 
Recreational vehicle PCE, ER                4.5                                 
Heavy vehicle adjustment, fHV               1.000                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1082           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          3                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              3.0            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1082           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              70.0           mi/h                 
Number of lanes, N                          3                                   
Density, D                                  15.5           pc/mi/ln             
Level of service, LOS                       B                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Truck Route Bypass to SR14                              
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2015                                                    
Description:  I-5 PA&ED - Build Alternative                                     
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   3840           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     990            v                    
Trucks and buses                            0              %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   -4.53          %                    
    Segment length                          0.30           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               1.000                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1042           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1042           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              70.0           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  14.9           pc/mi/ln             
Level of service, LOS                       B                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                Truck Route Bypass to Calgrove                          
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2015                                                    
Description:  I-5 PA&ED - Build Alternative                                     
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   4540           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1170           v                    
Trucks and buses                            2              %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   -5.10          %                    
    Segment length                          3.50           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.990                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1244           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1244           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              70.0           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  17.8           pc/mi/ln             
Level of service, LOS                       B                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Calgrove to Truck Route Bypass                          
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2015                                                    
Description:  I-5 PA&ED - Build Alternative (Single Truck Lane)                 
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   4980           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1284           v                    
Trucks and buses                            2              %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   5.10           %                    
    Segment length                          3.50           mi                   
Trucks and buses PCE, ET                    6.0                                 
Recreational vehicle PCE, ER                6.0                                 
Heavy vehicle adjustment, fHV               0.909                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1486           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1486           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              69.8           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  21.3           pc/mi/ln             
Level of service, LOS                       C                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Calgrove to Truck Route Bypass                          
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2015                                                    
Description:  I-5 PA&ED - Build Alternative                                     
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   4860           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1253           v                    
Trucks and buses                            0              %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   5.10           %                    
    Segment length                          3.50           mi                   
Trucks and buses PCE, ET                    6.0                                 
Recreational vehicle PCE, ER                6.0                                 
Heavy vehicle adjustment, fHV               1.000                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1319           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1319           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              70.0           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  18.8           pc/mi/ln             
Level of service, LOS                       C                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                Calgrove to Pico                                        
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2015                                                    
Description:  I-5 PA&ED - Build Alternative                                     
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   5370           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1384           v                    
Trucks and buses                            10             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   -2.50          %                    
    Segment length                          1.10           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.952                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1530           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1530           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              69.7           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  21.9           pc/mi/ln             
Level of service, LOS                       C                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Pico to Calgrove                                        
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2015                                                    
Description:  I-5 PA&ED - Build Alternative                                     
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   4910           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1265           v                    
Trucks and buses                            2              %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   -2.50          %                    
    Segment length                          1.10           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.990                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1345           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1345           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              70.0           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  19.2           pc/mi/ln             
Level of service, LOS                       C                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                Pico to McBean                                          
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2015                                                    
Description:  I-5 PA&ED - Build Alternative                                     
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   5660           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1459           v                    
Trucks and buses                            10             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   2.50           %                    
    Segment length                          1.10           mi                   
Trucks and buses PCE, ET                    2.0                                 
Recreational vehicle PCE, ER                3.0                                 
Heavy vehicle adjustment, fHV               0.909                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1689           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1689           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              68.9           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  24.5           pc/mi/ln             
Level of service, LOS                       C                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                McBean to Pico                                          
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2015                                                    
Description:  I-5 PA&ED - Build Alternative                                     
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   4720           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1216           v                    
Trucks and buses                            10             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   -2.50          %                    
    Segment length                          1.10           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.952                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1345           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1345           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              70.0           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  19.2           pc/mi/ln             
Level of service, LOS                       C                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                McBean to Valencia                                      
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2015                                                    
Description:  I-5 PA&ED - Build Alternative                                     
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   5760           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1485           v                    
Trucks and buses                            11             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   -3.70          %                    
    Segment length                          1.00           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.948                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1649           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1649           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              69.2           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  23.8           pc/mi/ln             
Level of service, LOS                       C                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Valencia to McBean                                      
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2015                                                    
Description:  I-5 PA&ED - Build Alternative                                     
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   4920           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1268           v                    
Trucks and buses                            11             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   3.70           %                    
    Segment length                          1.00           mi                   
Trucks and buses PCE, ET                    2.4                                 
Recreational vehicle PCE, ER                3.0                                 
Heavy vehicle adjustment, fHV               0.867                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1232           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          5                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              0.0            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1232           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              70.0           mi/h                 
Number of lanes, N                          5                                   
Density, D                                  17.6           pc/mi/ln             
Level of service, LOS                       B                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                Valencia to Magic Mountain                              
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2015                                                    
Description:  I-5 PA&ED - Build Alternative                                     
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   4960           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1278           v                    
Trucks and buses                            12             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   -2.80          %                    
    Segment length                          1.10           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.943                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1426           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1426           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              69.9           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  20.4           pc/mi/ln             
Level of service, LOS                       C                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Magic Mountain to Valencia                              
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2015                                                    
Description:  I-5 PA&ED - Build Alternative                                     
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   4320           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1113           v                    
Trucks and buses                            12             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   2.80           %                    
    Segment length                          1.10           mi                   
Trucks and buses PCE, ET                    2.0                                 
Recreational vehicle PCE, ER                3.0                                 
Heavy vehicle adjustment, fHV               0.893                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1313           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1313           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              70.0           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  18.8           pc/mi/ln             
Level of service, LOS                       C                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                Magic Mountain to Rye Canyon                            
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2015                                                    
Description:  I-5 PA&ED - 2015 Build Alternative                                
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   4640           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1196           v                    
Trucks and buses                            12             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   -1.00          %                    
    Segment length                          2.40           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.943                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1334           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1334           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              70.0           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  19.1           pc/mi/ln             
Level of service, LOS                       C                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Rye Canyon to Magic Mountain                            
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2015                                                    
Description:  I-5 PA&ED - Build Alternative                                     
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   4160           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1072           v                    
Trucks and buses                            12             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   -1.00          %                    
    Segment length                          2.40           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.943                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1196           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1196           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              70.0           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  17.1           pc/mi/ln             
Level of service, LOS                       B                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                Rye Canyon to SR-126                                    
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2015                                                    
Description:  I-5 PA&ED - Build Alternative                                     
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   4640           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1196           v                    
Trucks and buses                            12             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   -1.00          %                    
    Segment length                          2.40           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.943                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1334           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1334           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              70.0           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  19.1           pc/mi/ln             
Level of service, LOS                       C                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                SR-126 to Rye Canyon                                    
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2015                                                    
Description:  I-5 PA&ED - Build Alternative                                     
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   3960           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1021           v                    
Trucks and buses                            12             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   -1.00          %                    
    Segment length                          2.40           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.943                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1139           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1139           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              70.0           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  16.3           pc/mi/ln             
Level of service, LOS                       B                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                SR-126 to Hasley Canyon                                 
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2015                                                    
Description:  I-5 PA&ED - Build Alternative                                     
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   3840           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     990            v                    
Trucks and buses                            12             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   -1.00          %                    
    Segment length                          2.40           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.943                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1104           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1104           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              70.0           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  15.8           pc/mi/ln             
Level of service, LOS                       B                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Hasley Canyon to SR-126                                 
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2015                                                    
Description:  I-5 PA&ED - Build Alternative                                     
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   4360           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1124           v                    
Trucks and buses                            12             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   -1.00          %                    
    Segment length                          2.40           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.943                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1254           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1254           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              70.0           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  17.9           pc/mi/ln             
Level of service, LOS                       B                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                Hasley Canyon to Parker                                 
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2015                                                    
Description:  I-5 PA&ED - Build Alternative                                     
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   2480           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     639            v                    
Trucks and buses                            13             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   1.00           %                    
    Segment length                          2.40           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.939                               
Driver population factor, vp                0.95                                
Flow rate, vp                               717            pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               717            pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              70.0           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  10.2           pc/mi/ln             
Level of service, LOS                       A                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Parker to Hasley Canyon                                 
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2015                                                    
Description:  I-5 PA&ED - Build Alternative                                     
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   3760           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     969            v                    
Trucks and buses                            13             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   -1.00          %                    
    Segment length                          2.40           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.939                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1086           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1086           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              70.0           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  15.5           pc/mi/ln             
Level of service, LOS                       B                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                Parker to Lake Hughes                                   
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2015                                                    
Description:  I-5 PA&ED - Build Alternative                                     
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   2700           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     696            v                    
Trucks and buses                            15             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   3.60           %                    
    Segment length                          1.00           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.930                               
Driver population factor, vp                0.95                                
Flow rate, vp                               787            pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               787            pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              70.0           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  11.2           pc/mi/ln             
Level of service, LOS                       B                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Lake Hughes to Parker                                   
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2015                                                    
Description:  I-5 PA&ED - Build Alternative                                     
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   3300           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     851            v                    
Trucks and buses                            15             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   3.60           %                    
    Segment length                          1.00           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.930                               
Driver population factor, vp                0.95                                
Flow rate, vp                               962            pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               962            pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              70.0           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  13.7           pc/mi/ln             
Level of service, LOS                       B                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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 APPENDIX D (Cont.) 
HIGHWAY CAPACITY MANUAL WORKSHEETS 

 
f. 2015 Build Conditions – PM Peak Hour 
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                SR14 Ramp to SR14 Ramp                                  
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2015                                                    
Description:  I-5 PA&ED - Build Alternative                                     
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   3630           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     936            v                    
Trucks and buses                            0              %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   4.43           %                    
    Segment length                          0.59           mi                   
Trucks and buses PCE, ET                    3.5                                 
Recreational vehicle PCE, ER                4.5                                 
Heavy vehicle adjustment, fHV               1.000                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1313           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          3                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              3.0            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1313           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              70.0           mi/h                 
Number of lanes, N                          3                                   
Density, D                                  18.8           pc/mi/ln             
Level of service, LOS                       C                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                SR14 Ramp to Balboa                                     
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2015                                                    
Description:  I-5 PA&ED - Build Alternative                                     
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   3840           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     990            v                    
Trucks and buses                            0              %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   -4.43          %                    
    Segment length                          0.64           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               1.000                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1042           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1042           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              70.0           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  14.9           pc/mi/ln             
Level of service, LOS                       B                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                SR14 to Truck Route Bypass                              
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2015                                                    
Description:  I-5 PA&ED - Build Alternative                                     
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   4300           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1108           v                    
Trucks and buses                            0              %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   4.53           %                    
    Segment length                          0.51           mi                   
Trucks and buses PCE, ET                    3.5                                 
Recreational vehicle PCE, ER                4.5                                 
Heavy vehicle adjustment, fHV               1.000                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1167           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1167           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              70.0           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  16.7           pc/mi/ln             
Level of service, LOS                       B                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Truck Route Bypass to SR14                              
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2015                                                    
Description:  I-5 PA&ED - Build Alternative                                     
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   4500           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1160           v                    
Trucks and buses                            0              %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   -4.53          %                    
    Segment length                          0.64           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               1.000                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1628           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          3                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              3.0            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1628           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              69.3           mi/h                 
Number of lanes, N                          3                                   
Density, D                                  23.5           pc/mi/ln             
Level of service, LOS                       C                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                Truck Route Bypass to Calgrove                          
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2015                                                    
Description:  I-5 PA&ED - Build Alternative                                     
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   5350           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1379           v                    
Trucks and buses                            2              %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   -5.10          %                    
    Segment length                          3.50           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.990                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1466           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1466           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              69.9           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  21.0           pc/mi/ln             
Level of service, LOS                       C                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Calgrove to Truck Route Bypass                          
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2015                                                    
Description:  I-5 PA&ED - Build Alternative (Single Truck Lane)                 
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   5500           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1418           v                    
Trucks and buses                            2              %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   5.10           %                    
    Segment length                          3.50           mi                   
Trucks and buses PCE, ET                    6.0                                 
Recreational vehicle PCE, ER                6.0                                 
Heavy vehicle adjustment, fHV               0.909                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1641           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1641           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              69.2           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  23.7           pc/mi/ln             
Level of service, LOS                       C                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Calgrove to Truck Route Bypass                          
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2015                                                    
Description:  I-5 PA&ED - Build Alternative                                     
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   5360           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1381           v                    
Trucks and buses                            0              %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   5.10           %                    
    Segment length                          3.50           mi                   
Trucks and buses PCE, ET                    6.0                                 
Recreational vehicle PCE, ER                6.0                                 
Heavy vehicle adjustment, fHV               1.000                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1454           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1454           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              69.9           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  20.8           pc/mi/ln             
Level of service, LOS                       C                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                Calgrove to Pico                                        
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2015                                                    
Description:  I-5 PA&ED - Build Alternative                                     
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   5960           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1536           v                    
Trucks and buses                            10             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   -2.50          %                    
    Segment length                          1.10           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.952                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1698           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1698           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              68.8           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  24.7           pc/mi/ln             
Level of service, LOS                       C                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Pico to Calgrove                                        
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2015                                                    
Description:  I-5 PA&ED - Build Alternative                                     
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   5530           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1425           v                    
Trucks and buses                            2              %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   -2.50          %                    
    Segment length                          1.10           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.990                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1515           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1515           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              69.8           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  21.7           pc/mi/ln             
Level of service, LOS                       C                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
                                                                                
                                                                                
 



 

I-5 PA&ED HOV & Truck Lanes – SR-14 to Parker Road D-138 Austin-Foust Associates, Inc. 
Traffic Study  1044001rpt2-Appx.doc 

                                                                                
                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                Pico to McBean                                          
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2015                                                    
Description:  I-5 PA&ED - Build Alternative                                     
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   5660           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1459           v                    
Trucks and buses                            10             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   2.50           %                    
    Segment length                          1.10           mi                   
Trucks and buses PCE, ET                    2.0                                 
Recreational vehicle PCE, ER                3.0                                 
Heavy vehicle adjustment, fHV               0.909                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1689           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1689           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              68.9           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  24.5           pc/mi/ln             
Level of service, LOS                       C                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                McBean to Pico                                          
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2015                                                    
Description:  I-5 PA&ED - Build Alternative                                     
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   6660           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1716           v                    
Trucks and buses                            10             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   -2.50          %                    
    Segment length                          1.10           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.952                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1897           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1897           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              66.6           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  28.5           pc/mi/ln             
Level of service, LOS                       D                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
                                                                                
                                                                                
 



 

I-5 PA&ED HOV & Truck Lanes – SR-14 to Parker Road D-140 Austin-Foust Associates, Inc. 
Traffic Study  1044001rpt2-Appx.doc 

                                                                                
                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                McBean to Valencia                                      
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2015                                                    
Description:  I-5 PA&ED - Build Alternative                                     
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   5460           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1407           v                    
Trucks and buses                            11             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   -3.70          %                    
    Segment length                          1.00           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.948                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1563           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1563           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              69.6           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  22.5           pc/mi/ln             
Level of service, LOS                       C                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Valencia to McBean                                      
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2015                                                    
Description:  I-5 PA&ED - Build Alternative                                     
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   6860           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1768           v                    
Trucks and buses                            11             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   3.70           %                    
    Segment length                          1.00           mi                   
Trucks and buses PCE, ET                    2.4                                 
Recreational vehicle PCE, ER                3.0                                 
Heavy vehicle adjustment, fHV               0.867                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1718           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          5                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              0.0            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1718           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              68.7           mi/h                 
Number of lanes, N                          5                                   
Density, D                                  25.0           pc/mi/ln             
Level of service, LOS                       C                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                Valencia to Magic Mountain                              
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2015                                                    
Description:  I-5 PA&ED - Build Alternative                                     
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   4960           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1278           v                    
Trucks and buses                            12             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   -2.80          %                    
    Segment length                          1.10           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.943                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1426           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1426           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              69.9           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  20.4           pc/mi/ln             
Level of service, LOS                       C                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Magic Mountain to Valencia                              
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2015                                                    
Description:  I-5 PA&ED - Build Alternative                                     
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   6460           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1665           v                    
Trucks and buses                            12             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   2.80           %                    
    Segment length                          1.10           mi                   
Trucks and buses PCE, ET                    2.0                                 
Recreational vehicle PCE, ER                3.0                                 
Heavy vehicle adjustment, fHV               0.893                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1963           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1963           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              65.5           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  30.0           pc/mi/ln             
Level of service, LOS                       D                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                Magic Mountain to Rye Canyon                            
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2015                                                    
Description:  I-5 PA&ED - Build Alternative                                     
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   4640           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1196           v                    
Trucks and buses                            12             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   -1.00          %                    
    Segment length                          2.40           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.943                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1334           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1334           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              70.0           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  19.1           pc/mi/ln             
Level of service, LOS                       C                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Rye Canyon to Magic Mountain                            
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2015                                                    
Description:  I-5 PA&ED - Build Alternative                                     
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   6820           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1758           v                    
Trucks and buses                            12             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   -1.00          %                    
    Segment length                          2.40           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.943                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1961           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1961           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              65.6           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  29.9           pc/mi/ln             
Level of service, LOS                       D                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                Rye Canyon to SR-126                                    
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2015                                                    
Description:  I-5 PA&ED - Build Alternative                                     
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   4640           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1196           v                    
Trucks and buses                            12             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   -1.00          %                    
    Segment length                          2.40           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.943                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1334           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1334           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              70.0           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  19.1           pc/mi/ln             
Level of service, LOS                       C                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                SR-126 to Rye Canyon                                    
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2015                                                    
Description:  I-5 PA&ED - Build Alternative                                     
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   5520           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1423           v                    
Trucks and buses                            12             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   -1.00          %                    
    Segment length                          2.40           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.943                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1587           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1587           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              69.5           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  22.8           pc/mi/ln             
Level of service, LOS                       C                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                SR-126 to Hasley Canyon                                 
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2015                                                    
Description:  I-5 PA&ED - Build Alternative                                     
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   5340           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1376           v                    
Trucks and buses                            12             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   -1.00          %                    
    Segment length                          2.40           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.943                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1536           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1536           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              69.7           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  22.0           pc/mi/ln             
Level of service, LOS                       C                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Hasley Canyon to SR-126                                 
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2015                                                    
Description:  I-5 PA&ED - Build Alternative                                     
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   5120           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1320           v                    
Trucks and buses                            12             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   -1.00          %                    
    Segment length                          2.40           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.943                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1472           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1472           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              69.9           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  21.1           pc/mi/ln             
Level of service, LOS                       C                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                Hasley Canyon to Parker                                 
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2015                                                    
Description:  I-5 PA&ED - Build Alternative                                     
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   4940           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1273           v                    
Trucks and buses                            13             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   1.00           %                    
    Segment length                          2.40           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.939                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1427           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1427           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              69.9           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  20.4           pc/mi/ln             
Level of service, LOS                       C                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Parker to Hasley Canyon                                 
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2015                                                    
Description:  I-5 PA&ED - Build Alternative                                     
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   3760           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     969            v                    
Trucks and buses                            13             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   -1.00          %                    
    Segment length                          2.40           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.939                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1086           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1086           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              70.0           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  15.5           pc/mi/ln             
Level of service, LOS                       B                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                Parker to Lake Hughes                                   
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2015                                                    
Description:  I-5 PA&ED - Build Alternative                                     
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   4700           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1211           v                    
Trucks and buses                            15             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   3.60           %                    
    Segment length                          1.00           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.930                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1371           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1371           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              70.0           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  19.6           pc/mi/ln             
Level of service, LOS                       C                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Lake Hughes to Parker                                   
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2015                                                    
Description:  I-5 PA&ED - Build Alternative                                     
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   4100           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1057           v                    
Trucks and buses                            15             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   3.60           %                    
    Segment length                          1.00           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.930                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1196           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1196           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              70.0           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  17.1           pc/mi/ln             
Level of service, LOS                       B                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                SR14 Ramp to SR14 Ramp                                  
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - No-Build Alternative (Constrained Flow Model)         
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   3940           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1015           v                    
Trucks and buses                            2              %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   4.43           %                    
    Segment length                          0.59           mi                   
Trucks and buses PCE, ET                    3.5                                 
Recreational vehicle PCE, ER                4.5                                 
Heavy vehicle adjustment, fHV               0.952                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1496           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          3                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              3.0            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1496           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              69.8           mi/h                 
Number of lanes, N                          3                                   
Density, D                                  21.4           pc/mi/ln             
Level of service, LOS                       C                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                SR14 Ramp to Balboa                                     
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - No-Build Alternative (Constrained Flow Model)         
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   5260           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1356           v                    
Trucks and buses                            0              %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   -4.43          %                    
    Segment length                          0.64           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               1.000                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1903           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          3                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              3.0            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1903           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              66.5           mi/h                 
Number of lanes, N                          3                                   
Density, D                                  28.6           pc/mi/ln             
Level of service, LOS                       D                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                SR14 to Truck Route Bypass                              
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - No-Build Alternative (Constrained Flow Model)         
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   4320           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1113           v                    
Trucks and buses                            0              %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   4.53           %                    
    Segment length                          0.51           mi                   
Trucks and buses PCE, ET                    3.5                                 
Recreational vehicle PCE, ER                4.5                                 
Heavy vehicle adjustment, fHV               1.000                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1563           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          3                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              3.0            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1563           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              69.6           mi/h                 
Number of lanes, N                          3                                   
Density, D                                  22.5           pc/mi/ln             
Level of service, LOS                       C                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Truck Route Bypass to SR14                              
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - No-Build Alternative (Constrained Flow Model)         
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   5580           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1438           v                    
Trucks and buses                            0              %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   -4.53          %                    
    Segment length                          0.30           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               1.000                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1514           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1514           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              69.8           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  21.7           pc/mi/ln             
Level of service, LOS                       C                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                Truck Route Bypass to Calgrove                          
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - No-Build Alternative (Constrained Flow Model)         
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   6400           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1649           v                    
Trucks and buses                            9              %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   -5.10          %                    
    Segment length                          3.50           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.957                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1814           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1814           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              67.7           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  26.8           pc/mi/ln             
Level of service, LOS                       D                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1d                   
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Calgrove to Truck Route Bypass                          
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - No-Build Alternative (Constrained Flow Model)         
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   6882           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1774           v                    
Trucks and buses                            2              %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   5.10           %                    
    Segment length                          3.50           mi                   
Trucks and buses PCE, ET                    6.0                                 
Recreational vehicle PCE, ER                6.0                                 
Heavy vehicle adjustment, fHV               0.909                               
Driver population factor, fp                0.95                                
Flow rate, vp                               2738           pc/h/ln              
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           ft                   
Right-shoulder lateral clearance            6.0            ft                   
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          3                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              3.0            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               2738           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S                             mi/h                 
Number of lanes, N                          3                                   
Density, D                                                 pc/mi/ln             
Level of service, LOS                       F                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                Calgrove to Pico                                        
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - No-Build Alternative (Constrained Flow Model)         
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   7000           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1804           v                    
Trucks and buses                            10             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   -2.50          %                    
    Segment length                          1.10           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.952                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1994           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1994           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              65.0           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  30.7           pc/mi/ln             
Level of service, LOS                       D                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1d                   
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Pico to Calgrove                                        
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - No-Build Alternative (Constrained Flow Model)         
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   6716           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1731           v                    
Trucks and buses                            2              %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   -2.50          %                    
    Segment length                          1.10           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.990                               
Driver population factor, fp                0.95                                
Flow rate, vp                               2454           pc/h/ln              
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           ft                   
Right-shoulder lateral clearance            6.0            ft                   
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          3                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              3.0            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               2454           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S                             mi/h                 
Number of lanes, N                          3                                   
Density, D                                                 pc/mi/ln             
Level of service, LOS                       F                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                Pico to McBean                                          
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - No-Build Alternative (Constrained Flow Model)         
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   7500           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1933           v                    
Trucks and buses                            10             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   2.50           %                    
    Segment length                          1.10           mi                   
Trucks and buses PCE, ET                    2.0                                 
Recreational vehicle PCE, ER                3.0                                 
Heavy vehicle adjustment, fHV               0.909                               
Driver population factor, vp                0.95                                
Flow rate, vp                               2238           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               2238           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              59.0           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  37.9           pc/mi/ln             
Level of service, LOS                       E                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                McBean to Pico                                          
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - No-Build Alternative (Constrained Flow Model)         
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   7800           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     2010           v                    
Trucks and buses                            10             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   -2.50          %                    
    Segment length                          1.10           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.952                               
Driver population factor, vp                0.95                                
Flow rate, vp                               2222           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               2222           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              59.5           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  37.4           pc/mi/ln             
Level of service, LOS                       E                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                McBean to Valencia                                      
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - No-Build Alternative (Constrained Flow Model)         
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   7600           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1959           v                    
Trucks and buses                            11             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   -3.70          %                    
    Segment length                          1.00           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.948                               
Driver population factor, vp                0.95                                
Flow rate, vp                               2175           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               2175           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              60.8           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  35.8           pc/mi/ln             
Level of service, LOS                       E                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Valencia to McBean                                      
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - No-Build Alternative (Constrained Flow Model)         
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   8100           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     2088           v                    
Trucks and buses                            11             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   3.70           %                    
    Segment length                          1.00           mi                   
Trucks and buses PCE, ET                    2.4                                 
Recreational vehicle PCE, ER                3.0                                 
Heavy vehicle adjustment, fHV               0.867                               
Driver population factor, vp                0.95                                
Flow rate, vp                               2536           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               2536           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S                             mi/h                 
Number of lanes, N                          4                                   
Density, D                                                 pc/mi/ln             
Level of service, LOS                                                           
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                Valencia to Magic Mountain                              
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - No-Build Alternative (Constrained Flow Model)         
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   7100           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1830           v                    
Trucks and buses                            11             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   -2.80          %                    
    Segment length                          1.10           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.948                               
Driver population factor, vp                0.95                                
Flow rate, vp                               2032           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               2032           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              64.2           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  31.6           pc/mi/ln             
Level of service, LOS                       D                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Magic Mountain to Valencia                              
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - No-Build Alternative (Constrained Flow Model)         
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   7300           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1881           v                    
Trucks and buses                            11             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   2.80           %                    
    Segment length                          1.10           mi                   
Trucks and buses PCE, ET                    2.0                                 
Recreational vehicle PCE, ER                3.0                                 
Heavy vehicle adjustment, fHV               0.901                               
Driver population factor, vp                0.95                                
Flow rate, vp                               2198           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               2198           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              60.2           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  36.5           pc/mi/ln             
Level of service, LOS                       E                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                Magic Mountain to Rye Canyon                            
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - No-Build Alternative (Constrained Flow Model)         
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   6900           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1778           v                    
Trucks and buses                            11             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   -1.00          %                    
    Segment length                          2.40           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.948                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1975           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1975           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              65.3           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  30.2           pc/mi/ln             
Level of service, LOS                       D                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Rye Canyon to Magic Mountain                            
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - No-Build Alternative (Constrained Flow Model)         
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   7200           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1856           v                    
Trucks and buses                            11             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   -1.00          %                    
    Segment length                          2.40           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.948                               
Driver population factor, vp                0.95                                
Flow rate, vp                               2061           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               2061           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              63.6           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  32.4           pc/mi/ln             
Level of service, LOS                       D                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                Rye Canyon to SR-126                                    
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - No-Build Alternative (Constrained Flow Model)         
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   6900           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1778           v                    
Trucks and buses                            11             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   -1.00          %                    
    Segment length                          2.40           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.948                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1975           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1975           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              65.3           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  30.2           pc/mi/ln             
Level of service, LOS                       D                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                SR-126 to Rye Canyon                                    
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - No-Build Alternative (Constrained Flow Model)         
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   7000           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1804           v                    
Trucks and buses                            11             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   -1.00          %                    
    Segment length                          2.40           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.948                               
Driver population factor, vp                0.95                                
Flow rate, vp                               2004           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               2004           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              64.8           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  30.9           pc/mi/ln             
Level of service, LOS                       D                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                SR-126 to Hasley Canyon                                 
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - No-Build Alternative (Constrained Flow Model)         
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   6500           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1675           v                    
Trucks and buses                            11             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   -1.00          %                    
    Segment length                          2.40           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.948                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1860           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1860           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              67.1           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  27.7           pc/mi/ln             
Level of service, LOS                       D                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Hasley Canyon to SR-126                                 
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - No-Build Alternative (Constrained Flow Model)         
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   7200           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1856           v                    
Trucks and buses                            11             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   -1.00          %                    
    Segment length                          2.40           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.948                               
Driver population factor, vp                0.95                                
Flow rate, vp                               2061           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               2061           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              63.6           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  32.4           pc/mi/ln             
Level of service, LOS                       D                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                Hasley Canyon to Parker                                 
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - No-Build Alternative (Constrained Flow Model)         
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   4900           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1263           v                    
Trucks and buses                            12             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   1.00           %                    
    Segment length                          2.40           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.943                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1409           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1409           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              70.0           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  20.1           pc/mi/ln             
Level of service, LOS                       C                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Parker to Hasley Canyon                                 
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - No-Build Alternative (Constrained Flow Model)         
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   6700           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1727           v                    
Trucks and buses                            12             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   -1.00          %                    
    Segment length                          2.40           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.943                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1927           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1927           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              66.1           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  29.1           pc/mi/ln             
Level of service, LOS                       D                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                Parker to Lake Hughes                                   
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - No-Build Alternative (Constrained Flow Model)         
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   4100           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1057           v                    
Trucks and buses                            15             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   3.60           %                    
    Segment length                          1.00           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.930                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1196           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1196           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              70.0           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  17.1           pc/mi/ln             
Level of service, LOS                       B                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Lake Hughes to Parker                                   
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - No-Build Alternative (Constrained Flow Model)         
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   5200           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1340           v                    
Trucks and buses                            15             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   3.60           %                    
    Segment length                          1.00           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.930                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1517           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1517           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              69.8           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  21.7           pc/mi/ln             
Level of service, LOS                       C                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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h. 2030 No-Build Conditions – Constrained – PM Peak Hour 
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                SR14 Ramp to SR14 Ramp                                  
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - No-Build Alternative (Constrained Flow Model)         
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   5660           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1459           v                    
Trucks and buses                            0              %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   4.43           %                    
    Segment length                          0.59           mi                   
Trucks and buses PCE, ET                    3.5                                 
Recreational vehicle PCE, ER                4.5                                 
Heavy vehicle adjustment, fHV               1.000                               
Driver population factor, vp                0.95                                
Flow rate, vp                               2047           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          3                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              3.0            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               2047           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              63.9           mi/h                 
Number of lanes, N                          3                                   
Density, D                                  32.0           pc/mi/ln             
Level of service, LOS                       D                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                SR14 Ramp to Balboa                                     
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - No-Build Alternative (Constrained Flow Model)         
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   6160           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1588           v                    
Trucks and buses                            0              %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   -4.53          %                    
    Segment length                          0.64           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               1.000                               
Driver population factor, vp                0.95                                
Flow rate, vp                               2228           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          3                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              3.0            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               2228           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              59.3           mi/h                 
Number of lanes, N                          3                                   
Density, D                                  37.6           pc/mi/ln             
Level of service, LOS                       E                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                SR14 to Truck Route Bypass                              
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - No-Build Alternative (Constrained Flow Model)         
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   6420           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1655           v                    
Trucks and buses                            0              %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   4.53           %                    
    Segment length                          0.51           mi                   
Trucks and buses PCE, ET                    3.5                                 
Recreational vehicle PCE, ER                4.5                                 
Heavy vehicle adjustment, fHV               1.000                               
Driver population factor, vp                0.95                                
Flow rate, vp                               2322           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          3                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              3.0            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               2322           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              56.2           mi/h                 
Number of lanes, N                          3                                   
Density, D                                  41.3           pc/mi/ln             
Level of service, LOS                       E                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Truck Route Bypass to SR14                              
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - No-Build Alternative (Constrained Flow Model)         
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   6950           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1791           v                    
Trucks and buses                            0              %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   -4.53          %                    
    Segment length                          0.30           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               1.000                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1886           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1886           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              66.8           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  28.3           pc/mi/ln             
Level of service, LOS                       D                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                Truck Route Bypass to Calgrove                          
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - No-Build Alternative (Constrained Flow Model)         
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   8200           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     2113           v                    
Trucks and buses                            9              %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   -5.10          %                    
    Segment length                          3.50           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.957                               
Driver population factor, vp                0.95                                
Flow rate, vp                               2325           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               2325           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              56.1           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  41.4           pc/mi/ln             
Level of service, LOS                       E                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1d                   
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Calgrove to Truck Route Bypass                          
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - No-Build Alternative (Constrained Flow Model)         
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   8184           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     2109           v                    
Trucks and buses                            2              %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   5.10           %                    
    Segment length                          3.50           mi                   
Trucks and buses PCE, ET                    6.0                                 
Recreational vehicle PCE, ER                6.0                                 
Heavy vehicle adjustment, fHV               0.909                               
Driver population factor, fp                0.95                                
Flow rate, vp                               3256           pc/h/ln              
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           ft                   
Right-shoulder lateral clearance            6.0            ft                   
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          3                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              3.0            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               3256           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S                             mi/h                 
Number of lanes, N                          3                                   
Density, D                                                 pc/mi/ln             
Level of service, LOS                       F                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                Calgrove to Pico                                        
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - No-Build Alternative (Constrained Flow Model)         
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   8400           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     2165           v                    
Trucks and buses                            10             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   -2.50          %                    
    Segment length                          1.10           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.952                               
Driver population factor, vp                0.95                                
Flow rate, vp                               2393           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               2393           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              53.6           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  44.6           pc/mi/ln             
Level of service, LOS                       E                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1d                   
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Pico to Calgrove                                        
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - No-Build Alternative (Constrained Flow Model)         
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   8188           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     2110           v                    
Trucks and buses                            2              %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   -2.50          %                    
    Segment length                          1.10           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.990                               
Driver population factor, fp                0.95                                
Flow rate, vp                               2991           pc/h/ln              
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           ft                   
Right-shoulder lateral clearance            6.0            ft                   
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          3                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              3.0            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               2991           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S                             mi/h                 
Number of lanes, N                          3                                   
Density, D                                                 pc/mi/ln             
Level of service, LOS                       F                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                Pico to McBean                                          
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - No-Build Alternative (Constrained Flow Model)         
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   8400           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     2165           v                    
Trucks and buses                            10             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   2.50           %                    
    Segment length                          1.10           mi                   
Trucks and buses PCE, ET                    2.0                                 
Recreational vehicle PCE, ER                3.0                                 
Heavy vehicle adjustment, fHV               0.909                               
Driver population factor, vp                0.95                                
Flow rate, vp                               2507           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               2507           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S                             mi/h                 
Number of lanes, N                          4                                   
Density, D                                                 pc/mi/ln             
Level of service, LOS                                                           
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
                                                                                
                                                                                
 



 

I-5 PA&ED HOV & Truck Lanes – SR-14 to Parker Road D-189 Austin-Foust Associates, Inc. 
Traffic Study  1044001rpt2-Appx.doc 

                                                                                
                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                McBean to Pico                                          
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - No-Build Alternative (Constrained Flow Model)         
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   9600           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     2474           v                    
Trucks and buses                            10             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   -2.50          %                    
    Segment length                          1.10           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.952                               
Driver population factor, vp                0.95                                
Flow rate, vp                               2735           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               2735           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S                             mi/h                 
Number of lanes, N                          4                                   
Density, D                                                 pc/mi/ln             
Level of service, LOS                                                           
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                McBean to Valencia                                      
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - No-Build Alternative (Constrained Flow Model)         
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   8300           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     2139           v                    
Trucks and buses                            11             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   -3.70          %                    
    Segment length                          1.00           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.948                               
Driver population factor, vp                0.95                                
Flow rate, vp                               2376           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               2376           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              54.3           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  43.8           pc/mi/ln             
Level of service, LOS                       E                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Valencia to McBean                                      
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - No-Build Alternative (Constrained Flow Model)         
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   10000          veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     2577           v                    
Trucks and buses                            11             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   3.70           %                    
    Segment length                          1.00           mi                   
Trucks and buses PCE, ET                    2.4                                 
Recreational vehicle PCE, ER                3.0                                 
Heavy vehicle adjustment, fHV               0.867                               
Driver population factor, vp                0.95                                
Flow rate, vp                               3131           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               3131           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S                             mi/h                 
Number of lanes, N                          4                                   
Density, D                                                 pc/mi/ln             
Level of service, LOS                                                           
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                Valencia to Magic Mountain                              
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - No-Build Alternative (Constrained Flow Model)         
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   7900           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     2036           v                    
Trucks and buses                            11             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   -2.80          %                    
    Segment length                          1.10           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.948                               
Driver population factor, vp                0.95                                
Flow rate, vp                               2261           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               2261           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              58.3           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  38.8           pc/mi/ln             
Level of service, LOS                       E                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Magic Mountain to Valencia                              
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - No-Build Alternative (Constrained Flow Model)         
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   9800           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     2526           v                    
Trucks and buses                            11             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   2.80           %                    
    Segment length                          1.10           mi                   
Trucks and buses PCE, ET                    2.0                                 
Recreational vehicle PCE, ER                3.0                                 
Heavy vehicle adjustment, fHV               0.901                               
Driver population factor, vp                0.95                                
Flow rate, vp                               2951           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               2951           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S                             mi/h                 
Number of lanes, N                          4                                   
Density, D                                                 pc/mi/ln             
Level of service, LOS                                                           
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                Magic Mountain to Rye Canyon                            
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - No-Build Alternative (Constrained Flow Model)         
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   7700           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1985           v                    
Trucks and buses                            11             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   -1.00          %                    
    Segment length                          2.40           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.948                               
Driver population factor, vp                0.95                                
Flow rate, vp                               2204           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               2204           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              60.0           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  36.7           pc/mi/ln             
Level of service, LOS                       E                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Rye Canyon to Magic Mountain                            
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - No-Build Alternative (Constrained Flow Model)         
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   10100          veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     2603           v                    
Trucks and buses                            11             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   -1.00          %                    
    Segment length                          2.40           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.948                               
Driver population factor, vp                0.95                                
Flow rate, vp                               2891           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               2891           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S                             mi/h                 
Number of lanes, N                          4                                   
Density, D                                                 pc/mi/ln             
Level of service, LOS                                                           
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                Rye Canyon to SR-126                                    
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - No-Build Alternative (Constrained Flow Model)         
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   7700           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1985           v                    
Trucks and buses                            11             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   -1.00          %                    
    Segment length                          2.40           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.948                               
Driver population factor, vp                0.95                                
Flow rate, vp                               2204           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               2204           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              60.0           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  36.7           pc/mi/ln             
Level of service, LOS                       E                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                SR-126 to Rye Canyon                                    
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - No-Build Alternative (Constrained Flow Model)         
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   9200           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     2371           v                    
Trucks and buses                            11             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   -1.00          %                    
    Segment length                          2.40           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.948                               
Driver population factor, vp                0.95                                
Flow rate, vp                               2633           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               2633           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S                             mi/h                 
Number of lanes, N                          4                                   
Density, D                                                 pc/mi/ln             
Level of service, LOS                                                           
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                SR-126 to Hasley Canyon                                 
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - No-Build Alternative (Constrained Flow Model)         
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   8700           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     2242           v                    
Trucks and buses                            11             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   -1.00          %                    
    Segment length                          2.40           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.948                               
Driver population factor, vp                0.95                                
Flow rate, vp                               2490           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               2490           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S                             mi/h                 
Number of lanes, N                          4                                   
Density, D                                                 pc/mi/ln             
Level of service, LOS                                                           
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
                                                                                
                                                                                
 



 

I-5 PA&ED HOV & Truck Lanes – SR-14 to Parker Road D-199 Austin-Foust Associates, Inc. 
Traffic Study  1044001rpt2-Appx.doc 

                                                                                
                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Hasley Canyon to SR-126                                 
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - No-Build Alternative (Constrained Flow Model)         
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   9100           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     2345           v                    
Trucks and buses                            11             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   -1.00          %                    
    Segment length                          2.40           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.948                               
Driver population factor, vp                0.95                                
Flow rate, vp                               2605           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               2605           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S                             mi/h                 
Number of lanes, N                          4                                   
Density, D                                                 pc/mi/ln             
Level of service, LOS                                                           
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                Hasley Canyon to Parker                                 
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - No-Build Alternative (Constrained Flow Model)         
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   8200           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     2113           v                    
Trucks and buses                            12             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   1.00           %                    
    Segment length                          2.40           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.943                               
Driver population factor, vp                0.95                                
Flow rate, vp                               2358           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               2358           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              54.9           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  42.9           pc/mi/ln             
Level of service, LOS                       E                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Parker to Hasley Canyon                                 
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - No-Build Alternative (Constrained Flow Model)         
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   7600           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1959           v                    
Trucks and buses                            12             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   -1.00          %                    
    Segment length                          2.40           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.943                               
Driver population factor, vp                0.95                                
Flow rate, vp                               2186           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               2186           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              60.5           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  36.1           pc/mi/ln             
Level of service, LOS                       E                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                Parker to Lake Hughes                                   
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - No-Build Alternative (Constrained Flow Model)         
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   6800           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1753           v                    
Trucks and buses                            15             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   3.60           %                    
    Segment length                          1.00           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.930                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1983           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1983           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              65.2           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  30.4           pc/mi/ln             
Level of service, LOS                       D                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Lake Hughes to Parker                                   
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - No-Build Alternative (Constrained Flow Model)         
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   6500           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1675           v                    
Trucks and buses                            15             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   3.60           %                    
    Segment length                          1.00           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.930                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1896           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1896           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              66.6           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  28.5           pc/mi/ln             
Level of service, LOS                       D                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                SR14 Ramp to SR14 Ramp                                  
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - Build Alternative (Constrained Flow Model)            
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   2750           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     709            v                    
Trucks and buses                            2              %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   4.43           %                    
    Segment length                          0.59           mi                   
Trucks and buses PCE, ET                    3.5                                 
Recreational vehicle PCE, ER                4.5                                 
Heavy vehicle adjustment, fHV               0.952                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1044           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          3                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              3.0            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1044           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              70.0           mi/h                 
Number of lanes, N                          3                                   
Density, D                                  14.9           pc/mi/ln             
Level of service, LOS                       B                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
                                                                                
                                                                                
 



 

I-5 PA&ED HOV & Truck Lanes – SR-14 to Parker Road D-206 Austin-Foust Associates, Inc. 
Traffic Study  1044001rpt2-Appx.doc 

                                                                                
                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                SR14 Ramp to Balboa                                     
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - Build Alternative (Constrained Flow Model)            
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   3920           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1010           v                    
Trucks and buses                            0              %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   -4.43          %                    
    Segment length                          0.64           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               1.000                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1418           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          3                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              3.0            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1418           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              69.9           mi/h                 
Number of lanes, N                          3                                   
Density, D                                  20.3           pc/mi/ln             
Level of service, LOS                       C                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                SR14 to Truck Route Bypass                              
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - Build Alternative (Constrained Flow Model)            
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   3130           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     807            v                    
Trucks and buses                            0              %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   4.53           %                    
    Segment length                          0.51           mi                   
Trucks and buses PCE, ET                    3.5                                 
Recreational vehicle PCE, ER                4.5                                 
Heavy vehicle adjustment, fHV               1.000                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1132           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          3                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              3.0            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1132           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              70.0           mi/h                 
Number of lanes, N                          3                                   
Density, D                                  16.2           pc/mi/ln             
Level of service, LOS                       B                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Truck Route Bypass to SR14                              
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - Build Alternative (Constrained Flow Model)            
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   4240           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1093           v                    
Trucks and buses                            0              %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   -4.53          %                    
    Segment length                          0.30           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               1.000                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1150           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1150           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              70.0           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  16.4           pc/mi/ln             
Level of service, LOS                       B                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                Truck Route Bypass to Calgrove                          
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - Build Alternative (Constrained Flow Model)            
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   4760           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1227           v                    
Trucks and buses                            2              %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   -5.10          %                    
    Segment length                          3.50           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.990                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1304           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1304           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              70.0           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  18.6           pc/mi/ln             
Level of service, LOS                       C                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Calgrove to Truck Route Bypass                          
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - Build Alt/Single Truck Lane (Const. Flow Model)       
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   5500           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1418           v                    
Trucks and buses                            2              %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   5.10           %                    
    Segment length                          3.50           mi                   
Trucks and buses PCE, ET                    6.0                                 
Recreational vehicle PCE, ER                6.0                                 
Heavy vehicle adjustment, fHV               0.909                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1641           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1641           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              69.2           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  23.7           pc/mi/ln             
Level of service, LOS                       C                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
                                                                                
                                                                                
 



 

I-5 PA&ED HOV & Truck Lanes – SR-14 to Parker Road D-211 Austin-Foust Associates, Inc. 
Traffic Study  1044001rpt2-Appx.doc 

                                                                                
                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Calgrove to Truck Route Bypass                          
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - Build Alt/Dual Truck Lanes (Const. Flow Model)    
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   5360           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1381           v                    
Trucks and buses                            0              %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   5.10           %                    
    Segment length                          3.50           mi                   
Trucks and buses PCE, ET                    6.0                                 
Recreational vehicle PCE, ER                6.0                                 
Heavy vehicle adjustment, fHV               1.000                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1454           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1454           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              69.9           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  20.8           pc/mi/ln             
Level of service, LOS                       C                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                Calgrove to Pico                                        
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - Build Alternative (Constrained Flow Model)            
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   5740           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1479           v                    
Trucks and buses                            10             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   -2.50          %                    
    Segment length                          1.10           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.952                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1635           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1635           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              69.2           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  23.6           pc/mi/ln             
Level of service, LOS                       C                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Pico to Calgrove                                        
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - Build Alternative (Constrained Flow Model)            
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   5420           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1397           v                    
Trucks and buses                            2              %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   -2.50          %                    
    Segment length                          1.10           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.990                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1485           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1485           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              69.8           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  21.3           pc/mi/ln             
Level of service, LOS                       C                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                Pico to McBean                                          
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - Build Alternative (Constrained Flow Model)            
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   6080           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1567           v                    
Trucks and buses                            10             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   2.50           %                    
    Segment length                          1.10           mi                   
Trucks and buses PCE, ET                    2.0                                 
Recreational vehicle PCE, ER                3.0                                 
Heavy vehicle adjustment, fHV               0.909                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1814           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1814           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              67.7           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  26.8           pc/mi/ln             
Level of service, LOS                       D                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                McBean to Pico                                          
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - Build Alternative (Constrained Flow Model)            
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   6470           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1668           v                    
Trucks and buses                            10             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   -2.50          %                    
    Segment length                          1.10           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.952                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1843           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1843           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              67.3           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  27.4           pc/mi/ln             
Level of service, LOS                       D                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                McBean to Valencia                                      
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - Build Alternative (Constrained Flow Model)            
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   6180           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1593           v                    
Trucks and buses                            11             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   -3.70          %                    
    Segment length                          1.00           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.948                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1769           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1769           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              68.2           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  25.9           pc/mi/ln             
Level of service, LOS                       C                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Valencia to McBean                                      
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - Build Alternative (Constrained Flow Model)            
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   6770           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1745           v                    
Trucks and buses                            11             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   3.70           %                    
    Segment length                          1.00           mi                   
Trucks and buses PCE, ET                    2.4                                 
Recreational vehicle PCE, ER                3.0                                 
Heavy vehicle adjustment, fHV               0.867                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1696           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          5                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              0.0            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1696           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              68.8           mi/h                 
Number of lanes, N                          5                                   
Density, D                                  24.6           pc/mi/ln             
Level of service, LOS                       C                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                Valencia to Magic Mountain                              
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - Build Alternative (Constrained Flow Model)            
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   5680           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1464           v                    
Trucks and buses                            11             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   -2.80          %                    
    Segment length                          1.10           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.948                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1626           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1626           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              69.3           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  23.5           pc/mi/ln             
Level of service, LOS                       C                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Magic Mountain to Valencia                              
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - Build Alternative (Constrained Flow Model)            
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   5960           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1536           v                    
Trucks and buses                            11             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   2.80           %                    
    Segment length                          1.10           mi                   
Trucks and buses PCE, ET                    2.0                                 
Recreational vehicle PCE, ER                3.0                                 
Heavy vehicle adjustment, fHV               0.901                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1795           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1795           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              67.9           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  26.4           pc/mi/ln             
Level of service, LOS                       D                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                Magic Mountain to Rye Canyon                            
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - Build Alternative (Constrained Flow Model)            
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   5690           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1466           v                    
Trucks and buses                            11             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   -1.00          %                    
    Segment length                          2.40           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.948                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1629           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1629           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              69.3           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  23.5           pc/mi/ln             
Level of service, LOS                       C                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Rye Canyon to Magic Mountain                            
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - Build Alternative (Constrained Flow Model)            
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   5860           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1510           v                    
Trucks and buses                            11             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   -1.00          %                    
    Segment length                          2.40           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.948                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1677           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1677           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              69.0           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  24.3           pc/mi/ln             
Level of service, LOS                       C                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                Rye Canyon to SR-126                                    
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - Build Alternative (Constrained Flow Model)            
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   5690           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1466           v                    
Trucks and buses                            11             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   -1.00          %                    
    Segment length                          2.40           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.948                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1629           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1629           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              69.3           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  23.5           pc/mi/ln             
Level of service, LOS                       C                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                SR-126 to Rye Canyon                                    
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - Build Alternative (Constrained Flow Model)            
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   5660           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1459           v                    
Trucks and buses                            11             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   -1.00          %                    
    Segment length                          2.40           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.948                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1620           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1620           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              69.3           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  23.4           pc/mi/ln             
Level of service, LOS                       C                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                SR-126 to Hasley Canyon                                 
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - Build Alternative (Constrained Flow Model)            
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   5860           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1510           v                    
Trucks and buses                            11             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   -1.00          %                    
    Segment length                          2.40           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.948                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1677           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1677           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              69.0           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  24.3           pc/mi/ln             
Level of service, LOS                       C                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Hasley Canyon to SR-126                                 
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - Build Alternative (Constrained Flow Model)            
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   5290           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1363           v                    
Trucks and buses                            11             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   -1.00          %                    
    Segment length                          2.40           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.948                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1514           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1514           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              69.8           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  21.7           pc/mi/ln             
Level of service, LOS                       C                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                Hasley Canyon to Parker                                 
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - Build Alternative (Constrained Flow Model)            
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   3920           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1010           v                    
Trucks and buses                            12             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   1.00           %                    
    Segment length                          2.40           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.943                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1127           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1127           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              70.0           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  16.1           pc/mi/ln             
Level of service, LOS                       B                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Parker to Hasley Canyon                                 
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - Build Alternative (Constrained Flow Model)            
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   5360           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1381           v                    
Trucks and buses                            12             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   -1.00          %                    
    Segment length                          2.40           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.943                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1541           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1541           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              69.7           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  22.1           pc/mi/ln             
Level of service, LOS                       C                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                Parker to Lake Hughes                                   
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - Build Alternative (Constrained Flow Model)            
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   4100           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1057           v                    
Trucks and buses                            15             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   3.60           %                    
    Segment length                          1.00           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.930                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1196           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1196           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              70.0           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  17.1           pc/mi/ln             
Level of service, LOS                       B                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Lake Hughes to Parker                                   
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - Build Alternative (Constrained Flow Model)            
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   5200           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1340           v                    
Trucks and buses                            15             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   3.60           %                    
    Segment length                          1.00           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.930                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1517           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1517           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              69.8           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  21.7           pc/mi/ln             
Level of service, LOS                       C                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                SR14 Ramp to SR14 Ramp                                  
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - Build Alternative (Constrained Flow Model)            
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   4140           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1067           v                    
Trucks and buses                            0              %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   4.43           %                    
    Segment length                          0.59           mi                   
Trucks and buses PCE, ET                    3.5                                 
Recreational vehicle PCE, ER                4.5                                 
Heavy vehicle adjustment, fHV               1.000                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1498           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          3                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              3.0            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1498           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              69.8           mi/h                 
Number of lanes, N                          3                                   
Density, D                                  21.5           pc/mi/ln             
Level of service, LOS                       C                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                SR14 Ramp to Balboa                                     
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - Build Alternative (Constrained Flow Model)            
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   4570           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1178           v                    
Trucks and buses                            0              %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   -4.53          %                    
    Segment length                          0.64           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               1.000                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1653           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          3                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              3.0            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1653           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              69.1           mi/h                 
Number of lanes, N                          3                                   
Density, D                                  23.9           pc/mi/ln             
Level of service, LOS                       C                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                SR14 to Truck Route Bypass                              
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - Build Alternative (Constrained Flow Model)            
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   4900           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1263           v                    
Trucks and buses                            0              %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   4.53           %                    
    Segment length                          0.51           mi                   
Trucks and buses PCE, ET                    3.5                                 
Recreational vehicle PCE, ER                4.5                                 
Heavy vehicle adjustment, fHV               1.000                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1772           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          3                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              3.0            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1772           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              68.2           mi/h                 
Number of lanes, N                          3                                   
Density, D                                  26.0+          pc/mi/ln             
Level of service, LOS                       D                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Truck Route Bypass to SR14                              
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - Build Alternative (Constrained Flow Model)            
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   5360           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1381           v                    
Trucks and buses                            0              %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   -4.53          %                    
    Segment length                          0.30           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               1.000                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1454           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1454           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              69.9           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  20.8           pc/mi/ln             
Level of service, LOS                       C                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                Truck Route Bypass to Calgrove                          
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - Build Alternative (Constrained Flow Model)            
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   6100           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1572           v                    
Trucks and buses                            2              %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   -5.10          %                    
    Segment length                          3.50           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.990                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1671           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1671           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              69.0           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  24.2           pc/mi/ln             
Level of service, LOS                       C                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Calgrove to Truck Route Bypass                          
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - Build Alt/Single Truck Lane (Const. Flow Model)     
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   6540           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1686           v                    
Trucks and buses                            2              %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   5.10           %                    
    Segment length                          3.50           mi                   
Trucks and buses PCE, ET                    6.0                                 
Recreational vehicle PCE, ER                6.0                                 
Heavy vehicle adjustment, fHV               0.909                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1952           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1952           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              65.7           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  29.7           pc/mi/ln             
Level of service, LOS                       D                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Calgrove to Truck Route Bypass                          
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - Build Alt/Dual Truck Lanes (Const. Flow Model) 
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   6380           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1644           v                    
Trucks and buses                            0              %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   5.10           %                    
    Segment length                          3.50           mi                   
Trucks and buses PCE, ET                    6.0                                 
Recreational vehicle PCE, ER                6.0                                 
Heavy vehicle adjustment, fHV               1.000                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1731           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1731           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              68.5           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  25.3           pc/mi/ln             
Level of service, LOS                       C                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                Calgrove to Pico                                        
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - Build Alternative (Constrained Flow Model)            
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   6910           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1781           v                    
Trucks and buses                            10             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   -2.50          %                    
    Segment length                          1.10           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.952                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1968           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1968           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              65.4           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  30.1           pc/mi/ln             
Level of service, LOS                       D                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Pico to Calgrove                                        
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - Build Alternative (Constrained Flow Model)            
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   6610           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1704           v                    
Trucks and buses                            2              %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   -2.50          %                    
    Segment length                          1.10           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.990                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1811           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1811           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              67.7           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  26.7           pc/mi/ln             
Level of service, LOS                       D                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                Pico to McBean                                          
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - Build Alternative (Constrained Flow Model)            
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   6910           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1781           v                    
Trucks and buses                            10             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   2.50           %                    
    Segment length                          1.10           mi                   
Trucks and buses PCE, ET                    2.0                                 
Recreational vehicle PCE, ER                3.0                                 
Heavy vehicle adjustment, fHV               0.909                               
Driver population factor, vp                0.95                                
Flow rate, vp                               2062           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               2062           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              63.6           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  32.4           pc/mi/ln             
Level of service, LOS                       D                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                McBean to Pico                                          
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - Build Alternative (Constrained Flow Model)            
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   7680           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1979           v                    
Trucks and buses                            10             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   -2.50          %                    
    Segment length                          1.10           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.952                               
Driver population factor, vp                0.95                                
Flow rate, vp                               2188           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               2188           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              60.4           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  36.2           pc/mi/ln             
Level of service, LOS                       E                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                McBean to Valencia                                      
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - Build Alternative (Constrained Flow Model)            
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   6720           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1732           v                    
Trucks and buses                            11             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   -3.70          %                    
    Segment length                          1.00           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.948                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1923           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1923           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              66.2           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  29.0           pc/mi/ln             
Level of service, LOS                       D                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Valencia to McBean                                      
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - Build Alternative (Constrained Flow Model)            
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   8040           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     2072           v                    
Trucks and buses                            11             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   3.70           %                    
    Segment length                          1.00           mi                   
Trucks and buses PCE, ET                    2.4                                 
Recreational vehicle PCE, ER                3.0                                 
Heavy vehicle adjustment, fHV               0.867                               
Driver population factor, vp                0.95                                
Flow rate, vp                               2014           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          5                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              0.0            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               2014           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              64.6           mi/h                 
Number of lanes, N                          5                                   
Density, D                                  31.2           pc/mi/ln             
Level of service, LOS                       D                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                Valencia to Magic Mountain                              
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - Build Alternative (Constrained Flow Model)            
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   6320           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1629           v                    
Trucks and buses                            11             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   -2.80          %                    
    Segment length                          1.10           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.948                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1809           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1809           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              67.8           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  26.7           pc/mi/ln             
Level of service, LOS                       D                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Magic Mountain to Valencia                              
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - Build Alternative (Constrained Flow Model)            
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   7840           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     2021           v                    
Trucks and buses                            11             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   2.80           %                    
    Segment length                          1.10           mi                   
Trucks and buses PCE, ET                    2.0                                 
Recreational vehicle PCE, ER                3.0                                 
Heavy vehicle adjustment, fHV               0.901                               
Driver population factor, vp                0.95                                
Flow rate, vp                               2361           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               2361           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              54.8           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  43.1           pc/mi/ln             
Level of service, LOS                       E                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1d                   
                                                                                
                                                                                
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:  (714) 667-0496                      Fax:                                
E-mail:  mail@austinfoust.com                                                   
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Magic Mountain to Valencia                              
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - Build Alt/3+ Persons/Veh HOV (Const. Flow Model)      
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   9212           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     2374           v                    
Trucks and buses                            11             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   2.80           %                    
    Segment length                          1.10           mi                   
Trucks and buses PCE, ET                    2.0                                 
Recreational vehicle PCE, ER                3.0                                 
Heavy vehicle adjustment, fHV               0.901                               
Driver population factor, fp                0.95                                
Flow rate, vp                               2774           pc/h/ln              
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           ft                   
Right-shoulder lateral clearance            6.0            ft                   
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               2774           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S                             mi/h                 
Number of lanes, N                          4                                   
Density, D                                                 pc/mi/ln             
Level of service, LOS                       F                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                Magic Mountain to Rye Canyon                            
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - Build Alternative (Constrained Flow Model)            
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   6160           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1588           v                    
Trucks and buses                            11             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   -1.00          %                    
    Segment length                          2.40           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.948                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1763           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1763           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              68.2           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  25.8           pc/mi/ln             
Level of service, LOS                       C                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Rye Canyon to Magic Mountain                            
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - Build Alternative (Constrained Flow Model)            
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   8120           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     2093           v                    
Trucks and buses                            11             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   -1.00          %                    
    Segment length                          2.40           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.948                               
Driver population factor, vp                0.95                                
Flow rate, vp                               2324           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               2324           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              56.2           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  41.4           pc/mi/ln             
Level of service, LOS                       E                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                Rye Canyon to SR-126                                    
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - Build Alternative (Constrained Flow Model)            
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   6160           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1588           v                    
Trucks and buses                            11             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   -1.00          %                    
    Segment length                          2.40           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.948                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1763           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1763           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              68.2           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  25.8           pc/mi/ln             
Level of service, LOS                       C                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                SR-126 to Rye Canyon                                    
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - Build Alternative (Constrained Flow Model)            
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   7360           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1897           v                    
Trucks and buses                            11             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   -1.00          %                    
    Segment length                          2.40           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.948                               
Driver population factor, vp                0.95                                
Flow rate, vp                               2107           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               2107           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              62.6           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  33.7           pc/mi/ln             
Level of service, LOS                       D                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                SR-126 to Hasley Canyon                                 
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - Build Alternative (Constrained Flow Model)            
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   7130           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1838           v                    
Trucks and buses                            11             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   -1.00          %                    
    Segment length                          2.40           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.948                               
Driver population factor, vp                0.95                                
Flow rate, vp                               2041           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               2041           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              64.0           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  31.9           pc/mi/ln             
Level of service, LOS                       D                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Hasley Canyon to SR-126                                 
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - Build Alternative (Constrained Flow Model)            
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   7280           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1876           v                    
Trucks and buses                            11             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   -1.00          %                    
    Segment length                          2.40           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.948                               
Driver population factor, vp                0.95                                
Flow rate, vp                               2084           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               2084           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              63.1           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  33.0           pc/mi/ln             
Level of service, LOS                       D                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                Hasley Canyon to Parker                                 
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - Build Alternative (Constrained Flow Model)            
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   6630           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1709           v                    
Trucks and buses                            12             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   1.00           %                    
    Segment length                          2.40           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.943                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1907           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1907           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              66.4           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  28.7           pc/mi/ln             
Level of service, LOS                       D                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Parker to Hasley Canyon                                 
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - Build Alternative (Constrained Flow Model)            
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   6080           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1567           v                    
Trucks and buses                            12             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   -1.00          %                    
    Segment length                          2.40           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.943                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1748           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1748           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              68.4           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  25.6           pc/mi/ln             
Level of service, LOS                       C                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                Parker to Lake Hughes                                   
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - Build Alternative (Constrained Flow Model)            
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   6800           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1753           v                    
Trucks and buses                            15             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   3.60           %                    
    Segment length                          1.00           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.930                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1983           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1983           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              65.2           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  30.4           pc/mi/ln             
Level of service, LOS                       D                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Lake Hughes to Parker                                   
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - Build Alternative (Constrained Flow Model)            
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   6500           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1675           v                    
Trucks and buses                            15             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   3.60           %                    
    Segment length                          1.00           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.930                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1896           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1896           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              66.6           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  28.5           pc/mi/ln             
Level of service, LOS                       D                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                SR14 Ramp to SR14 Ramp                                  
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - No-Build Alternative (Demand Model)                   
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   5480           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1412           v                    
Trucks and buses                            0              %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   4.43           %                    
    Segment length                          0.59           mi                   
Trucks and buses PCE, ET                    3.5                                 
Recreational vehicle PCE, ER                4.5                                 
Heavy vehicle adjustment, fHV               1.000                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1982           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          3                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              3.0            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1982           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              65.2           mi/h                 
Number of lanes, N                          3                                   
Density, D                                  30.4           pc/mi/ln             
Level of service, LOS                       D                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                SR14 Ramp to Balboa                                     
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - No-Build Alternative (Demand Model)                   
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   6810           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1755           v                    
Trucks and buses                            0              %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   -4.43          %                    
    Segment length                          0.64           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               1.000                               
Driver population factor, vp                0.95                                
Flow rate, vp                               2463           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          3                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              3.0            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               2463           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S                             mi/h                 
Number of lanes, N                          3                                   
Density, D                                                 pc/mi/ln             
Level of service, LOS                                                           
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                SR14 to Truck Route Bypass                              
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - No-Build Alternative (Demand Model)                   
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   6010           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1549           v                    
Trucks and buses                            0              %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   4.53           %                    
    Segment length                          0.51           mi                   
Trucks and buses PCE, ET                    3.5                                 
Recreational vehicle PCE, ER                4.5                                 
Heavy vehicle adjustment, fHV               1.000                               
Driver population factor, vp                0.95                                
Flow rate, vp                               2174           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          3                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              3.0            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               2174           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              60.8           mi/h                 
Number of lanes, N                          3                                   
Density, D                                  35.7           pc/mi/ln             
Level of service, LOS                       E                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Truck Route Bypass to SR14                              
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - No-Build Alternative (Demand Model)                   
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   7230           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1863           v                    
Trucks and buses                            0              %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   -4.53          %                    
    Segment length                          0.30           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               1.000                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1961           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1961           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              65.6           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  29.9           pc/mi/ln             
Level of service, LOS                       D                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                Truck Route Bypass to Calgrove                          
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - No-Build Alternative (Demand Model)                   
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   8900           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     2294           v                    
Trucks and buses                            9              %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   -5.10          %                    
    Segment length                          3.50           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.957                               
Driver population factor, vp                0.95                                
Flow rate, vp                               2523           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               2523           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S                             mi/h                 
Number of lanes, N                          4                                   
Density, D                                                 pc/mi/ln             
Level of service, LOS                                                           
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1d                   
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Calgrove to Truck Route Bypass                          
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - No-Build Alternative (Demand Model)                   
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   8928           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     2301           v                    
Trucks and buses                            2              %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   5.10           %                    
    Segment length                          3.50           mi                   
Trucks and buses PCE, ET                    6.0                                 
Recreational vehicle PCE, ER                6.0                                 
Heavy vehicle adjustment, fHV               0.909                               
Driver population factor, fp                0.95                                
Flow rate, vp                               3552           pc/h/ln              
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           ft                   
Right-shoulder lateral clearance            6.0            ft                   
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          3                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              3.0            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               3552           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S                             mi/h                 
Number of lanes, N                          3                                   
Density, D                                                 pc/mi/ln             
Level of service, LOS                       F                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                Calgrove to Pico                                        
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - No-Build Alternative (Demand Model)                   
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   9400           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     2423           v                    
Trucks and buses                            10             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   -2.50          %                    
    Segment length                          1.10           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.952                               
Driver population factor, vp                0.95                                
Flow rate, vp                               2678           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               2678           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S                             mi/h                 
Number of lanes, N                          4                                   
Density, D                                                 pc/mi/ln             
Level of service, LOS                                                           
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1d                   
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Pico to Calgrove                                        
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - No-Build Alternative (Demand Model)                   
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   8740           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     2253           v                    
Trucks and buses                            2              %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   -2.50          %                    
    Segment length                          1.10           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.990                               
Driver population factor, fp                0.95                                
Flow rate, vp                               3193           pc/h/ln              
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           ft                   
Right-shoulder lateral clearance            6.0            ft                   
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          3                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              3.0            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               3193           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S                             mi/h                 
Number of lanes, N                          3                                   
Density, D                                                 pc/mi/ln             
Level of service, LOS                       F                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                Pico to McBean                                          
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - No-Build Alternative (Demand Model)                   
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   9500           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     2448           v                    
Trucks and buses                            10             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   2.50           %                    
    Segment length                          1.10           mi                   
Trucks and buses PCE, ET                    2.0                                 
Recreational vehicle PCE, ER                3.0                                 
Heavy vehicle adjustment, fHV               0.909                               
Driver population factor, vp                0.95                                
Flow rate, vp                               2835           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               2835           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S                             mi/h                 
Number of lanes, N                          4                                   
Density, D                                                 pc/mi/ln             
Level of service, LOS                                                           
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                McBean to Pico                                          
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - No-Build Alternative (Demand Model)                   
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   9500           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     2448           v                    
Trucks and buses                            10             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   -2.50          %                    
    Segment length                          1.10           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.952                               
Driver population factor, vp                0.95                                
Flow rate, vp                               2706           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               2706           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S                             mi/h                 
Number of lanes, N                          4                                   
Density, D                                                 pc/mi/ln             
Level of service, LOS                                                           
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                McBean to Valencia                                      
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - No-Build Alternative (Demand Model)                   
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   9100           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     2345           v                    
Trucks and buses                            10             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   -3.70          %                    
    Segment length                          1.00           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.952                               
Driver population factor, vp                0.95                                
Flow rate, vp                               2592           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               2592           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S                             mi/h                 
Number of lanes, N                          4                                   
Density, D                                                 pc/mi/ln             
Level of service, LOS                                                           
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Valencia to McBean                                      
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - No-Build Alternative (Demand Model)                   
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   9600           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     2474           v                    
Trucks and buses                            10             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   3.70           %                    
    Segment length                          1.00           mi                   
Trucks and buses PCE, ET                    2.5                                 
Recreational vehicle PCE, ER                3.0                                 
Heavy vehicle adjustment, fHV               0.870                               
Driver population factor, vp                0.95                                
Flow rate, vp                               2995           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               2995           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S                             mi/h                 
Number of lanes, N                          4                                   
Density, D                                                 pc/mi/ln             
Level of service, LOS                                                           
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                Valencia to Magic Mountain                              
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - No-Build Alternative (Demand Model)                   
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   8200           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     2113           v                    
Trucks and buses                            10             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   -2.80          %                    
    Segment length                          1.10           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.952                               
Driver population factor, vp                0.95                                
Flow rate, vp                               2336           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               2336           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              55.7           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  41.9           pc/mi/ln             
Level of service, LOS                       E                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Magic Mountain to Valencia                              
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - No-Build Alternative (Demand Model)                   
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   8600           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     2216           v                    
Trucks and buses                            10             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   2.80           %                    
    Segment length                          1.10           mi                   
Trucks and buses PCE, ET                    2.0                                 
Recreational vehicle PCE, ER                3.0                                 
Heavy vehicle adjustment, fHV               0.909                               
Driver population factor, vp                0.95                                
Flow rate, vp                               2566           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               2566           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S                             mi/h                 
Number of lanes, N                          4                                   
Density, D                                                 pc/mi/ln             
Level of service, LOS                                                           
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                Magic Mountain to Rye Canyon                            
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - No-Build Alternative (Demand Model)                   
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   7300           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1881           v                    
Trucks and buses                            11             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   -1.00          %                    
    Segment length                          2.40           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.948                               
Driver population factor, vp                0.95                                
Flow rate, vp                               2089           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               2089           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              63.0           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  33.2           pc/mi/ln             
Level of service, LOS                       D                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Rye Canyon to Magic Mountain                            
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - No-Build Alternative (Demand Model)                   
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   8400           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     2165           v                    
Trucks and buses                            11             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   -1.00          %                    
    Segment length                          2.40           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.948                               
Driver population factor, vp                0.95                                
Flow rate, vp                               2404           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               2404           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S                             mi/h                 
Number of lanes, N                          4                                   
Density, D                                                 pc/mi/ln             
Level of service, LOS                                                           
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                Rye Canyon to SR-126                                    
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - No-Build Alternative (Demand Model)                   
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   7300           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1881           v                    
Trucks and buses                            11             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   -1.00          %                    
    Segment length                          2.40           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.948                               
Driver population factor, vp                0.95                                
Flow rate, vp                               2089           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               2089           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              63.0           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  33.2           pc/mi/ln             
Level of service, LOS                       D                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                SR-126 to Rye Canyon                                    
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - No-Build Alternative (Demand Model)                   
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   7900           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     2036           v                    
Trucks and buses                            11             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   -1.00          %                    
    Segment length                          2.40           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.948                               
Driver population factor, vp                0.95                                
Flow rate, vp                               2261           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               2261           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              58.3           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  38.8           pc/mi/ln             
Level of service, LOS                       E                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                SR-126 to Hasley Canyon                                 
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - No-Build Alternative (Demand Model)                   
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   6900           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1778           v                    
Trucks and buses                            11             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   -1.00          %                    
    Segment length                          2.40           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.948                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1975           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1975           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              65.3           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  30.2           pc/mi/ln             
Level of service, LOS                       D                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Hasley Canyon to SR-126                                 
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - No-Build Alternative (Demand Model)                   
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   7900           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     2036           v                    
Trucks and buses                            11             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   -1.00          %                    
    Segment length                          2.40           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.948                               
Driver population factor, vp                0.95                                
Flow rate, vp                               2261           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               2261           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              58.3           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  38.8           pc/mi/ln             
Level of service, LOS                       E                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                Hasley Canyon to Parker                                 
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - No-Build Alternative (Demand Model)                   
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   5300           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1366           v                    
Trucks and buses                            13             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   1.00           %                    
    Segment length                          2.40           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.939                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1531           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1531           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              69.7           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  22.0           pc/mi/ln             
Level of service, LOS                       C                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Parker to Hasley Canyon                                 
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - No-Build Alternative (Demand Model)                   
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   7200           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1856           v                    
Trucks and buses                            13             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   -1.00          %                    
    Segment length                          2.40           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.939                               
Driver population factor, vp                0.95                                
Flow rate, vp                               2080           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               2080           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              63.2           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  32.9           pc/mi/ln             
Level of service, LOS                       D                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                Parker to Lake Hughes                                   
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - No-Build Alternative (Demand Model)                   
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   4400           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1134           v                    
Trucks and buses                            15             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   3.60           %                    
    Segment length                          1.00           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.930                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1283           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1283           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              70.0           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  18.3           pc/mi/ln             
Level of service, LOS                       C                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Lake Hughes to Parker                                   
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - No-Build Alternative (Demand Model)                   
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   5700           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1469           v                    
Trucks and buses                            15             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   3.60           %                    
    Segment length                          1.00           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.930                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1662           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1662           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              69.1           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  24.1           pc/mi/ln             
Level of service, LOS                       C                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                SR14 Ramp to SR14 Ramp                                  
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - No-Build Alternative (Demand Model)                   
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   7590           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1956           v                    
Trucks and buses                            0              %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   4.43           %                    
    Segment length                          0.59           mi                   
Trucks and buses PCE, ET                    3.5                                 
Recreational vehicle PCE, ER                4.5                                 
Heavy vehicle adjustment, fHV               1.000                               
Driver population factor, vp                0.95                                
Flow rate, vp                               2746           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          3                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              3.0            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               2746           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S                             mi/h                 
Number of lanes, N                          3                                   
Density, D                                                 pc/mi/ln             
Level of service, LOS                                                           
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                SR14 Ramp to Balboa                                     
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - No-Build Alternative (Demand Model)                   
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   8190           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     2111           v                    
Trucks and buses                            0              %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   -4.43          %                    
    Segment length                          0.64           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               1.000                               
Driver population factor, vp                0.95                                
Flow rate, vp                               2963           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          3                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              3.0            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               2963           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S                             mi/h                 
Number of lanes, N                          3                                   
Density, D                                                 pc/mi/ln             
Level of service, LOS                                                           
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
                                                                                
                                                                                
 



 

I-5 PA&ED HOV & Truck Lanes – SR-14 to Parker Road D-285 Austin-Foust Associates, Inc. 
Traffic Study  1044001rpt2-Appx.doc 

                                                                                
                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                SR14 to Truck Route Bypass                              
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - No-Build Alternative (Demand Model)                   
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   8620           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     2222           v                    
Trucks and buses                            0              %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   4.53           %                    
    Segment length                          0.51           mi                   
Trucks and buses PCE, ET                    3.5                                 
Recreational vehicle PCE, ER                4.5                                 
Heavy vehicle adjustment, fHV               1.000                               
Driver population factor, vp                0.95                                
Flow rate, vp                               3118           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          3                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              3.0            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               3118           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S                             mi/h                 
Number of lanes, N                          3                                   
Density, D                                                 pc/mi/ln             
Level of service, LOS                                                           
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Truck Route Bypass to SR14                              
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - No-Build Alternative (Demand Model)                   
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   9240           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     2381           v                    
Trucks and buses                            0              %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   -4.53          %                    
    Segment length                          0.30           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               1.000                               
Driver population factor, vp                0.95                                
Flow rate, vp                               2507           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               2507           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S                             mi/h                 
Number of lanes, N                          4                                   
Density, D                                                 pc/mi/ln             
Level of service, LOS                                                           
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                Truck Route Bypass to Calgrove                          
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - No-Build Alternative (Demand Model)                   
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   11000          veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     2835           v                    
Trucks and buses                            9              %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   -5.10          %                    
    Segment length                          3.50           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.957                               
Driver population factor, vp                0.95                                
Flow rate, vp                               3119           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               3119           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S                             mi/h                 
Number of lanes, N                          4                                   
Density, D                                                 pc/mi/ln             
Level of service, LOS                                                           
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
                                                                                
                                                                                
 



 

I-5 PA&ED HOV & Truck Lanes – SR-14 to Parker Road D-288 Austin-Foust Associates, Inc. 
Traffic Study  1044001rpt2-Appx.doc 

                                                                                
                HCS2000:  Basic Freeway Segments Release 4.1d                   
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Calgrove to Truck Route Bypass                          
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - No-Build Alternative (Demand Model)                   
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   10881          veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     2804           v                    
Trucks and buses                            2              %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   5.10           %                    
    Segment length                          3.50           mi                   
Trucks and buses PCE, ET                    6.0                                 
Recreational vehicle PCE, ER                6.0                                 
Heavy vehicle adjustment, fHV               0.909                               
Driver population factor, fp                0.95                                
Flow rate, vp                               4330           pc/h/ln              
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           ft                   
Right-shoulder lateral clearance            6.0            ft                   
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          3                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              3.0            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               4330           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S                             mi/h                 
Number of lanes, N                          3                                   
Density, D                                                 pc/mi/ln             
Level of service, LOS                       F                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                Calgrove to Pico                                        
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - No-Build Alternative (Demand Model)                   
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   10900          veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     2809           v                    
Trucks and buses                            10             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   -2.50          %                    
    Segment length                          1.10           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.952                               
Driver population factor, vp                0.95                                
Flow rate, vp                               3105           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               3105           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S                             mi/h                 
Number of lanes, N                          4                                   
Density, D                                                 pc/mi/ln             
Level of service, LOS                                                           
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1d                   
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Pico to Calgrove                                        
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - No-Build Alternative (Demand Model)                   
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   10948          veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     2822           v                    
Trucks and buses                            2              %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   -2.50          %                    
    Segment length                          1.10           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.990                               
Driver population factor, fp                0.95                                
Flow rate, vp                               4000           pc/h/ln              
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           ft                   
Right-shoulder lateral clearance            6.0            ft                   
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          3                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              3.0            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               4000           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S                             mi/h                 
Number of lanes, N                          3                                   
Density, D                                                 pc/mi/ln             
Level of service, LOS                       F                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                Pico to McBean                                          
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - No-Build Alternative (Demand Model)                   
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   10500          veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     2706           v                    
Trucks and buses                            10             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   2.50           %                    
    Segment length                          1.10           mi                   
Trucks and buses PCE, ET                    2.0                                 
Recreational vehicle PCE, ER                3.0                                 
Heavy vehicle adjustment, fHV               0.909                               
Driver population factor, vp                0.95                                
Flow rate, vp                               3133           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               3133           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S                             mi/h                 
Number of lanes, N                          4                                   
Density, D                                                 pc/mi/ln             
Level of service, LOS                                                           
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                McBean to Pico                                          
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - No-Build Alternative (Demand Model)                   
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   12300          veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     3170           v                    
Trucks and buses                            10             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   -2.50          %                    
    Segment length                          1.10           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.952                               
Driver population factor, vp                0.95                                
Flow rate, vp                               3504           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               3504           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S                             mi/h                 
Number of lanes, N                          4                                   
Density, D                                                 pc/mi/ln             
Level of service, LOS                                                           
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                McBean to Valencia                                      
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - No-Build Alternative (Demand Model)                   
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   10300          veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     2655           v                    
Trucks and buses                            10             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   -3.70          %                    
    Segment length                          1.00           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.952                               
Driver population factor, vp                0.95                                
Flow rate, vp                               2934           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               2934           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S                             mi/h                 
Number of lanes, N                          4                                   
Density, D                                                 pc/mi/ln             
Level of service, LOS                                                           
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Valencia to McBean                                      
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - No-Build Alternative (Demand Model)                   
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   13000          veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     3351           v                    
Trucks and buses                            10             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   3.70           %                    
    Segment length                          1.00           mi                   
Trucks and buses PCE, ET                    2.5                                 
Recreational vehicle PCE, ER                3.0                                 
Heavy vehicle adjustment, fHV               0.870                               
Driver population factor, vp                0.95                                
Flow rate, vp                               4056           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               4056           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S                             mi/h                 
Number of lanes, N                          4                                   
Density, D                                                 pc/mi/ln             
Level of service, LOS                                                           
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                Valencia to Magic Mountain                              
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - No-Build Alternative (Demand Model)                   
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   9500           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     2448           v                    
Trucks and buses                            10             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   -2.80          %                    
    Segment length                          1.10           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.952                               
Driver population factor, vp                0.95                                
Flow rate, vp                               2706           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               2706           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S                             mi/h                 
Number of lanes, N                          4                                   
Density, D                                                 pc/mi/ln             
Level of service, LOS                                                           
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Magic Mountain to Valencia                              
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - No-Build Alternative (Demand Model)                   
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   12100          veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     3119           v                    
Trucks and buses                            10             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   2.80           %                    
    Segment length                          1.10           mi                   
Trucks and buses PCE, ET                    2.0                                 
Recreational vehicle PCE, ER                3.0                                 
Heavy vehicle adjustment, fHV               0.909                               
Driver population factor, vp                0.95                                
Flow rate, vp                               3611           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               3611           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S                             mi/h                 
Number of lanes, N                          4                                   
Density, D                                                 pc/mi/ln             
Level of service, LOS                                                           
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                Magic Mountain to Rye Canyon                            
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - No-Build Alternative (Demand Model)                   
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   8900           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     2294           v                    
Trucks and buses                            11             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   -1.00          %                    
    Segment length                          2.40           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.948                               
Driver population factor, vp                0.95                                
Flow rate, vp                               2547           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               2547           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S                             mi/h                 
Number of lanes, N                          4                                   
Density, D                                                 pc/mi/ln             
Level of service, LOS                                                           
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Rye Canyon to Magic Mountain                            
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - No-Build Alternative (Demand Model)                   
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   12100          veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     3119           v                    
Trucks and buses                            11             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   -1.00          %                    
    Segment length                          2.40           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.948                               
Driver population factor, vp                0.95                                
Flow rate, vp                               3463           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               3463           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S                             mi/h                 
Number of lanes, N                          4                                   
Density, D                                                 pc/mi/ln             
Level of service, LOS                                                           
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                Rye Canyon to SR-126                                    
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - No-Build Alternative (Demand Model)                   
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   8900           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     2294           v                    
Trucks and buses                            11             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   -1.00          %                    
    Segment length                          2.40           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.948                               
Driver population factor, vp                0.95                                
Flow rate, vp                               2547           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               2547           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S                             mi/h                 
Number of lanes, N                          4                                   
Density, D                                                 pc/mi/ln             
Level of service, LOS                                                           
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                SR-126 to Rye Canyon                                    
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - No-Build Alternative (Demand Model)                   
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   10300          veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     2655           v                    
Trucks and buses                            11             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   -1.00          %                    
    Segment length                          2.40           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.948                               
Driver population factor, vp                0.95                                
Flow rate, vp                               2948           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               2948           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S                             mi/h                 
Number of lanes, N                          4                                   
Density, D                                                 pc/mi/ln             
Level of service, LOS                                                           
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                SR-126 to Hasley Canyon                                 
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - No-Build Alternative (Demand Model)                   
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   9600           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     2474           v                    
Trucks and buses                            11             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   -1.00          %                    
    Segment length                          2.40           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.948                               
Driver population factor, vp                0.95                                
Flow rate, vp                               2748           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               2748           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S                             mi/h                 
Number of lanes, N                          4                                   
Density, D                                                 pc/mi/ln             
Level of service, LOS                                                           
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Hasley Canyon to SR-126                                 
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - No-Build Alternative (Demand Model)                   
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   9800           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     2526           v                    
Trucks and buses                            11             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   -1.00          %                    
    Segment length                          2.40           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.948                               
Driver population factor, vp                0.95                                
Flow rate, vp                               2805           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               2805           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S                             mi/h                 
Number of lanes, N                          4                                   
Density, D                                                 pc/mi/ln             
Level of service, LOS                                                           
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                Hasley Canyon to Parker                                 
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - No-Build Alternative (Demand Model)                   
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   9100           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     2345           v                    
Trucks and buses                            13             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   1.00           %                    
    Segment length                          2.40           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.939                               
Driver population factor, vp                0.95                                
Flow rate, vp                               2629           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               2629           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S                             mi/h                 
Number of lanes, N                          4                                   
Density, D                                                 pc/mi/ln             
Level of service, LOS                                                           
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Parker to Hasley Canyon                                 
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - No-Build Alternative (Demand Model)                   
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   8300           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     2139           v                    
Trucks and buses                            13             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   -1.00          %                    
    Segment length                          2.40           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.939                               
Driver population factor, vp                0.95                                
Flow rate, vp                               2398           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               2398           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              53.4           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  44.9           pc/mi/ln             
Level of service, LOS                       E                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                Parker to Lake Hughes                                   
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - No-Build Alternative (Demand Model)                   
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   7600           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1959           v                    
Trucks and buses                            15             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   3.60           %                    
    Segment length                          1.00           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.930                               
Driver population factor, vp                0.95                                
Flow rate, vp                               2216           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               2216           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              59.6           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  37.2           pc/mi/ln             
Level of service, LOS                       E                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Lake Hughes to Parker                                   
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - No-Build Alternative (Demand Model)                   
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   7200           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1856           v                    
Trucks and buses                            15             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   3.60           %                    
    Segment length                          1.00           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.930                               
Driver population factor, vp                0.95                                
Flow rate, vp                               2100           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               2100           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              62.7           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  33.5           pc/mi/ln             
Level of service, LOS                       D                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                SR14 Ramp to SR14 Ramp                                  
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - Build Alternative (Demand Model)                      
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   3830           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     987            v                    
Trucks and buses                            0              %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   4.43           %                    
    Segment length                          0.59           mi                   
Trucks and buses PCE, ET                    3.5                                 
Recreational vehicle PCE, ER                4.5                                 
Heavy vehicle adjustment, fHV               1.000                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1385           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          3                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              3.0            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1385           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              70.0           mi/h                 
Number of lanes, N                          3                                   
Density, D                                  19.8           pc/mi/ln             
Level of service, LOS                       C                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                SR14 Ramp to Balboa                                     
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - Build Alternative (Demand Model)                      
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   5090           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1312           v                    
Trucks and buses                            0              %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   -4.43          %                    
    Segment length                          0.64           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               1.000                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1841           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          3                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              3.0            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1841           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              67.4           mi/h                 
Number of lanes, N                          3                                   
Density, D                                  27.3           pc/mi/ln             
Level of service, LOS                       D                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                SR14 to Truck Route Bypass                              
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - Build Alternative (Demand Model)                      
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   4360           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1124           v                    
Trucks and buses                            0              %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   4.53           %                    
    Segment length                          0.51           mi                   
Trucks and buses PCE, ET                    3.5                                 
Recreational vehicle PCE, ER                4.5                                 
Heavy vehicle adjustment, fHV               1.000                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1577           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          3                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              3.0            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1577           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              69.5           mi/h                 
Number of lanes, N                          3                                   
Density, D                                  22.7           pc/mi/ln             
Level of service, LOS                       C                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Truck Route Bypass to SR14                              
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - Build Alternative (Demand Model)                      
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   5510           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1420           v                    
Trucks and buses                            0              %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   -4.53          %                    
    Segment length                          0.30           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               1.000                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1495           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1495           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              69.8           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  21.4           pc/mi/ln             
Level of service, LOS                       C                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                Truck Route Bypass to Calgrove                          
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - Build Alternative (Demand Model)                      
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   6620           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1706           v                    
Trucks and buses                            2              %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   -5.10          %                    
    Segment length                          3.50           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.990                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1814           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1814           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              67.7           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  26.8           pc/mi/ln             
Level of service, LOS                       D                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Calgrove to Truck Route Bypass                          
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - Build Alt/Single Truck Lane (Demand Model)            
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   7150           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1843           v                    
Trucks and buses                            2              %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   5.10           %                    
    Segment length                          3.50           mi                   
Trucks and buses PCE, ET                    6.0                                 
Recreational vehicle PCE, ER                6.0                                 
Heavy vehicle adjustment, fHV               0.909                               
Driver population factor, vp                0.95                                
Flow rate, vp                               2134           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               2134           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              61.9           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  34.5           pc/mi/ln             
Level of service, LOS                       D                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Calgrove to Truck Route Bypass                          
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - Build Alternative (Demand Model)                      
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   6981           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1799           v                    
Trucks and buses                            0              %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   5.10           %                    
    Segment length                          3.50           mi                   
Trucks and buses PCE, ET                    6.0                                 
Recreational vehicle PCE, ER                6.0                                 
Heavy vehicle adjustment, fHV               1.000                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1894           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1894           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              66.6           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  28.4           pc/mi/ln             
Level of service, LOS                       D                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                Calgrove to Pico                                        
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - Build Alternative (Demand Model)                      
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   7790           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     2008           v                    
Trucks and buses                            10             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   -2.50          %                    
    Segment length                          1.10           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.952                               
Driver population factor, vp                0.95                                
Flow rate, vp                               2219           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               2219           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              59.6           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  37.3           pc/mi/ln             
Level of service, LOS                       E                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Pico to Calgrove                                        
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - Build Alternative (Demand Model)                      
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   7060           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1820           v                    
Trucks and buses                            2              %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   -2.50          %                    
    Segment length                          1.10           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.990                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1935           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1935           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              66.0           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  29.3           pc/mi/ln             
Level of service, LOS                       D                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                Pico to McBean                                          
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - Build Alternative (Demand Model)                      
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   7880           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     2031           v                    
Trucks and buses                            10             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   2.50           %                    
    Segment length                          1.10           mi                   
Trucks and buses PCE, ET                    2.0                                 
Recreational vehicle PCE, ER                3.0                                 
Heavy vehicle adjustment, fHV               0.909                               
Driver population factor, vp                0.95                                
Flow rate, vp                               2352           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               2352           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              55.2           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  42.6           pc/mi/ln             
Level of service, LOS                       E                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
                                                                                
                                                                                
 



 

I-5 PA&ED HOV & Truck Lanes – SR-14 to Parker Road D-318 Austin-Foust Associates, Inc. 
Traffic Study  1044001rpt2-Appx.doc 
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Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                McBean to Pico                                          
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - Build Alternative (Demand Model)                      
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   7780           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     2005           v                    
Trucks and buses                            10             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   -2.50          %                    
    Segment length                          1.10           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.952                               
Driver population factor, vp                0.95                                
Flow rate, vp                               2216           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               2216           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              59.6           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  37.2           pc/mi/ln             
Level of service, LOS                       E                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                McBean to Valencia                                      
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - Build Alternative (Demand Model)                      
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   7460           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1923           v                    
Trucks and buses                            10             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   -3.70          %                    
    Segment length                          1.00           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.952                               
Driver population factor, vp                0.95                                
Flow rate, vp                               2125           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               2125           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              62.1           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  34.2           pc/mi/ln             
Level of service, LOS                       D                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Valencia to McBean                                      
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - Build Alternative (Demand Model)                      
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   7880           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     2031           v                    
Trucks and buses                            10             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   3.70           %                    
    Segment length                          1.00           mi                   
Trucks and buses PCE, ET                    2.5                                 
Recreational vehicle PCE, ER                3.0                                 
Heavy vehicle adjustment, fHV               0.870                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1967           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          5                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              0.0            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1967           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              65.5           mi/h                 
Number of lanes, N                          5                                   
Density, D                                  30.0           pc/mi/ln             
Level of service, LOS                       D                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                Valencia to Magic Mountain                              
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - Build Alternative (Demand Model)                      
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   6560           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1691           v                    
Trucks and buses                            10             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   -2.80          %                    
    Segment length                          1.10           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.952                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1869           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1869           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              67.0           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  27.9           pc/mi/ln             
Level of service, LOS                       D                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Magic Mountain to Valencia                              
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - Build Alternative (Demand Model)                      
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   6880           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1773           v                    
Trucks and buses                            10             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   2.80           %                    
    Segment length                          1.10           mi                   
Trucks and buses PCE, ET                    2.0                                 
Recreational vehicle PCE, ER                3.0                                 
Heavy vehicle adjustment, fHV               0.909                               
Driver population factor, vp                0.95                                
Flow rate, vp                               2053           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               2053           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              63.8           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  32.2           pc/mi/ln             
Level of service, LOS                       D                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                Magic Mountain to Rye Canyon                            
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - Build Alternative (Demand Model)                      
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   5920           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1526           v                    
Trucks and buses                            11             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   -1.00          %                    
    Segment length                          2.40           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.948                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1694           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1694           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              68.8           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  24.6           pc/mi/ln             
Level of service, LOS                       C                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Rye Canyon to Magic Mountain                            
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - Build Alternative (Demand Model)                      
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   6980           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1799           v                    
Trucks and buses                            11             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   -1.00          %                    
    Segment length                          2.40           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.948                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1998           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1998           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              64.9           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  30.8           pc/mi/ln             
Level of service, LOS                       D                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                Rye Canyon to SR-126                                    
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - Build Alternative (Demand Model)                      
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   5920           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1526           v                    
Trucks and buses                            11             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   -1.00          %                    
    Segment length                          2.40           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.948                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1694           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1694           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              68.8           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  24.6           pc/mi/ln             
Level of service, LOS                       C                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                SR-126 to Rye Canyon                                    
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - Build Alternative (Demand Model)                      
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   6460           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1665           v                    
Trucks and buses                            11             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   -1.00          %                    
    Segment length                          2.40           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.948                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1849           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1849           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              67.3           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  27.5           pc/mi/ln             
Level of service, LOS                       D                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                SR-126 to Hasley Canyon                                 
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - Build Alternative (Demand Model)                      
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   5520           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1423           v                    
Trucks and buses                            11             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   -1.00          %                    
    Segment length                          2.40           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.948                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1580           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1580           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              69.5           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  22.7           pc/mi/ln             
Level of service, LOS                       C                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Hasley Canyon to SR-126                                 
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - Build Alternative (Demand Model)                      
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   6460           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1665           v                    
Trucks and buses                            11             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   -1.00          %                    
    Segment length                          2.40           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.948                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1849           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1849           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              67.3           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  27.5           pc/mi/ln             
Level of service, LOS                       D                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                Hasley Canyon to Parker                                 
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - Build Alternative (Demand Model)                      
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   4240           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1093           v                    
Trucks and buses                            13             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   1.00           %                    
    Segment length                          2.40           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.939                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1225           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1225           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              70.0           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  17.5           pc/mi/ln             
Level of service, LOS                       B                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Parker to Hasley Canyon                                 
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - Build Alternative (Demand Model)                      
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   5760           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1485           v                    
Trucks and buses                            13             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   -1.00          %                    
    Segment length                          2.40           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.939                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1664           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1664           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              69.1           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  24.1           pc/mi/ln             
Level of service, LOS                       C                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                Parker to Lake Hughes                                   
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - Build Alternative (Demand Model)                      
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   4400           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1134           v                    
Trucks and buses                            15             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   3.60           %                    
    Segment length                          1.00           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.930                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1283           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1283           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              70.0           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  18.3           pc/mi/ln             
Level of service, LOS                       C                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   AM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Lake Hughes to Parker                                   
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - Build Alternative (Demand Model)                      
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   5700           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1469           v                    
Trucks and buses                            15             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   3.60           %                    
    Segment length                          1.00           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.930                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1662           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1662           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              69.1           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  24.1           pc/mi/ln             
Level of service, LOS                       C                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                SR14 Ramp to SR14 Ramp                                  
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - Build Alternative (Demand Model)                      
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   5550           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1430           v                    
Trucks and buses                            0              %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   4.43           %                    
    Segment length                          0.59           mi                   
Trucks and buses PCE, ET                    3.5                                 
Recreational vehicle PCE, ER                4.5                                 
Heavy vehicle adjustment, fHV               1.000                               
Driver population factor, vp                0.95                                
Flow rate, vp                               2008           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          3                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              3.0            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               2008           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              64.7           mi/h                 
Number of lanes, N                          3                                   
Density, D                                  31.0           pc/mi/ln             
Level of service, LOS                       D                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                SR14 Ramp to Balboa                                     
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - Build Alternative (Demand Model)                      
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   6070           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1564           v                    
Trucks and buses                            0              %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   -4.43          %                    
    Segment length                          0.64           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               1.000                               
Driver population factor, vp                0.95                                
Flow rate, vp                               2196           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          3                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              3.0            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               2196           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              60.2           mi/h                 
Number of lanes, N                          3                                   
Density, D                                  36.5           pc/mi/ln             
Level of service, LOS                       E                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                SR14 to Truck Route Bypass                              
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - Build Alternative (Demand Model)                      
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   6580           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1696           v                    
Trucks and buses                            0              %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   4.53           %                    
    Segment length                          0.51           mi                   
Trucks and buses PCE, ET                    3.5                                 
Recreational vehicle PCE, ER                4.5                                 
Heavy vehicle adjustment, fHV               1.000                               
Driver population factor, vp                0.95                                
Flow rate, vp                               2380           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          3                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              3.0            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               2380           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              54.1           mi/h                 
Number of lanes, N                          3                                   
Density, D                                  44.0           pc/mi/ln             
Level of service, LOS                       E                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Truck Route Bypass to SR14                              
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - Build Alternative (Demand Model)                      
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   7120           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1835           v                    
Trucks and buses                            0              %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   -4.53          %                    
    Segment length                          0.30           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               1.000                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1932           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1932           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              66.1           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  29.2           pc/mi/ln             
Level of service, LOS                       D                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                Truck Route Bypass to Calgrove                          
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - Build Alternative (Demand Model)                      
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   8180           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     2108           v                    
Trucks and buses                            2              %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   -5.10          %                    
    Segment length                          3.50           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.990                               
Driver population factor, vp                0.95                                
Flow rate, vp                               2241           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               2241           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              58.9           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  38.1           pc/mi/ln             
Level of service, LOS                       E                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Calgrove to Truck Route Bypass                          
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - Build Alt/Single Truck Lane (Demand Model)            
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   8690           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     2240           v                    
Trucks and buses                            2              %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   5.10           %                    
    Segment length                          3.50           mi                   
Trucks and buses PCE, ET                    6.0                                 
Recreational vehicle PCE, ER                6.0                                 
Heavy vehicle adjustment, fHV               0.909                               
Driver population factor, vp                0.95                                
Flow rate, vp                               2593           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               2593           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S                             mi/h                 
Number of lanes, N                          4                                   
Density, D                                                 pc/mi/ln             
Level of service, LOS                                                           
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Calgrove to Truck Route Bypass                          
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - Build Alternative (Demand Model)                      
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   8480           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     2186           v                    
Trucks and buses                            0              %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   5.10           %                    
    Segment length                          3.50           mi                   
Trucks and buses PCE, ET                    6.0                                 
Recreational vehicle PCE, ER                6.0                                 
Heavy vehicle adjustment, fHV               1.000                               
Driver population factor, vp                0.95                                
Flow rate, vp                               2301           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               2301           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              57.0           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  40.4           pc/mi/ln             
Level of service, LOS                       E                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                Calgrove to Pico                                        
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - Build Alternative (Demand Model)                      
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   8910           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     2296           v                    
Trucks and buses                            10             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   -2.50          %                    
    Segment length                          1.10           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.952                               
Driver population factor, vp                0.95                                
Flow rate, vp                               2538           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               2538           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S                             mi/h                 
Number of lanes, N                          4                                   
Density, D                                                 pc/mi/ln             
Level of service, LOS                                                           
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Pico to Calgrove                                        
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - Build Alternative (Demand Model)                      
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   8870           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     2286           v                    
Trucks and buses                            2              %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   -2.50          %                    
    Segment length                          1.10           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.990                               
Driver population factor, vp                0.95                                
Flow rate, vp                               2430           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               2430           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S                             mi/h                 
Number of lanes, N                          4                                   
Density, D                                                 pc/mi/ln             
Level of service, LOS                                                           
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                Pico to McBean                                          
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - Build Alternative (Demand Model)                      
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   8510           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     2193           v                    
Trucks and buses                            10             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   2.50           %                    
    Segment length                          1.10           mi                   
Trucks and buses PCE, ET                    2.0                                 
Recreational vehicle PCE, ER                3.0                                 
Heavy vehicle adjustment, fHV               0.909                               
Driver population factor, vp                0.95                                
Flow rate, vp                               2540           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               2540           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S                             mi/h                 
Number of lanes, N                          4                                   
Density, D                                                 pc/mi/ln             
Level of service, LOS                                                           
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                McBean to Pico                                          
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - Build Alternative (Demand Model)                      
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   10180          veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     2624           v                    
Trucks and buses                            10             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   -2.50          %                    
    Segment length                          1.10           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.952                               
Driver population factor, vp                0.95                                
Flow rate, vp                               2900           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               2900           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S                             mi/h                 
Number of lanes, N                          4                                   
Density, D                                                 pc/mi/ln             
Level of service, LOS                                                           
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                McBean to Valencia                                      
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - Build Alternative (Demand Model)                      
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   8400           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     2165           v                    
Trucks and buses                            10             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   -3.70          %                    
    Segment length                          1.00           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.952                               
Driver population factor, vp                0.95                                
Flow rate, vp                               2393           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               2393           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              53.6           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  44.6           pc/mi/ln             
Level of service, LOS                       E                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Valencia to McBean                                      
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - Build Alternative (Demand Model)                      
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   10880          veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     2804           v                    
Trucks and buses                            10             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   3.70           %                    
    Segment length                          1.00           mi                   
Trucks and buses PCE, ET                    2.5                                 
Recreational vehicle PCE, ER                3.0                                 
Heavy vehicle adjustment, fHV               0.870                               
Driver population factor, vp                0.95                                
Flow rate, vp                               2716           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          5                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              0.0            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               2716           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S                             mi/h                 
Number of lanes, N                          5                                   
Density, D                                                 pc/mi/ln             
Level of service, LOS                                                           
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                Valencia to Magic Mountain                              
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - Build Alternative (Demand Model)                      
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   7600           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1959           v                    
Trucks and buses                            10             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   -2.80          %                    
    Segment length                          1.10           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.952                               
Driver population factor, vp                0.95                                
Flow rate, vp                               2165           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               2165           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              61.1           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  35.4           pc/mi/ln             
Level of service, LOS                       E                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Magic Mountain to Valencia                              
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - Build Alternative (Demand Model)                      
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   10040          veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     2588           v                    
Trucks and buses                            10             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   2.80           %                    
    Segment length                          1.10           mi                   
Trucks and buses PCE, ET                    2.0                                 
Recreational vehicle PCE, ER                3.0                                 
Heavy vehicle adjustment, fHV               0.909                               
Driver population factor, vp                0.95                                
Flow rate, vp                               2996           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               2996           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S                             mi/h                 
Number of lanes, N                          4                                   
Density, D                                                 pc/mi/ln             
Level of service, LOS                                                           
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                Magic Mountain to Rye Canyon                            
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - Build Alternative (Demand Model)                      
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   7120           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1835           v                    
Trucks and buses                            11             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   -1.00          %                    
    Segment length                          2.40           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.948                               
Driver population factor, vp                0.95                                
Flow rate, vp                               2038           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               2038           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              64.1           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  31.8           pc/mi/ln             
Level of service, LOS                       D                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Rye Canyon to Magic Mountain                            
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - Build Alternative (Demand Model)                      
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   10040          veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     2588           v                    
Trucks and buses                            11             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   -1.00          %                    
    Segment length                          2.40           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.948                               
Driver population factor, vp                0.95                                
Flow rate, vp                               2874           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               2874           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S                             mi/h                 
Number of lanes, N                          4                                   
Density, D                                                 pc/mi/ln             
Level of service, LOS                                                           
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                Rye Canyon to SR-126                                    
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - Build Alternative (Demand Model)                      
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   7120           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1835           v                    
Trucks and buses                            11             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   -1.00          %                    
    Segment length                          2.40           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.948                               
Driver population factor, vp                0.95                                
Flow rate, vp                               2038           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               2038           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              64.1           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  31.8           pc/mi/ln             
Level of service, LOS                       D                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                SR-126 to Rye Canyon                                    
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - Build Alternative (Demand Model)                      
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   7840           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     2021           v                    
Trucks and buses                            11             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   -1.00          %                    
    Segment length                          2.40           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.948                               
Driver population factor, vp                0.95                                
Flow rate, vp                               2244           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               2244           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              58.8           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  38.2           pc/mi/ln             
Level of service, LOS                       E                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                SR-126 to Hasley Canyon                                 
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - Build Alternative (Demand Model)                      
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   7120           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1835           v                    
Trucks and buses                            11             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   -1.00          %                    
    Segment length                          2.40           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.948                               
Driver population factor, vp                0.95                                
Flow rate, vp                               2038           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               2038           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              64.1           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  31.8           pc/mi/ln             
Level of service, LOS                       D                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Hasley Canyon to SR-126                                 
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - Build Alternative (Demand Model)                      
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   7840           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     2021           v                    
Trucks and buses                            11             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   -1.00          %                    
    Segment length                          2.40           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.948                               
Driver population factor, vp                0.95                                
Flow rate, vp                               2244           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               2244           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              58.8           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  38.2           pc/mi/ln             
Level of service, LOS                       E                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                Hasley Canyon to Parker                                 
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - Build Alternative (Demand Model)                      
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   7320           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1887           v                    
Trucks and buses                            13             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   1.00           %                    
    Segment length                          2.40           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.939                               
Driver population factor, vp                0.95                                
Flow rate, vp                               2115           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               2115           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              62.4           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  33.9           pc/mi/ln             
Level of service, LOS                       D                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Parker to Hasley Canyon                                 
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - Build Alternative (Demand Model)                      
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   6640           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1711           v                    
Trucks and buses                            13             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Grade                               
    Grade                                   -1.00          %                    
    Segment length                          2.40           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.939                               
Driver population factor, vp                0.95                                
Flow rate, vp                               1919           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               1919           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              66.3           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  29.0           pc/mi/ln             
Level of service, LOS                       D                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 NB                                                  
From/To:                Parker to Lake Hughes                                   
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - Build Alternative (Demand Model)                      
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   7600           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1959           v                    
Trucks and buses                            15             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   3.60           %                    
    Segment length                          1.00           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.930                               
Driver population factor, vp                0.95                                
Flow rate, vp                               2216           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               2216           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              59.6           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  37.2           pc/mi/ln             
Level of service, LOS                       E                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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                HCS2000:  Basic Freeway Segments Release 4.1                    
                                                                                
                                                                           
Austin-Foust Associates, Inc.                                                   
                                                                                
                                                                                
                                                                                
Phone:                                      Fax:                                
E-mail:                                                                         
                                                                                
_________________________Operational Analysis__________________________________ 
                                                                                
Analyst:                                                                        
Agency or Company:      AFA                                                     
Date Performed:         June 07                                                 
Analysis Time Period:   PM Peak Hour                                            
Freeway/Direction:      I-5 SB                                                  
From/To:                Lake Hughes to Parker                                   
Jurisdiction:           Los Angeles/District 7                                  
Analysis Year:          2030                                                    
Description:  I-5 PA&ED - Build Alternative (Demand Model)                      
                                                                                
_________________________Flow Inputs and Adjustments___________________________ 
                                                                                
Volume, V                                   7200           veh/h                
Peak-hour factor, PHF                       0.97                                
Peak 15-min volume, v15                     1856           v                    
Trucks and buses                            15             %                    
Recreational vehicles                       0              %                    
Terrain type:                               Level                               
    Grade                                   3.60           %                    
    Segment length                          1.00           mi                   
Trucks and buses PCE, ET                    1.5                                 
Recreational vehicle PCE, ER                1.2                                 
Heavy vehicle adjustment, fHV               0.930                               
Driver population factor, vp                0.95                                
Flow rate, vp                               2100           pc/h                 
                                                                                
_________________________Speed Inputs and Adjustments__________________________ 
                                                                                
Lane width                                  12.0           m                    
Right-shoulder lateral clearance            6.0            m                    
Interchange density                         0.50           interchange/mi       
Number of lanes, N                          4                                   
Free-flow speed:                            Measured                            
     FFS or BFFS                            70.0           mi/h                 
Lane width adjustment, fLW                  0.0            mi/h                 
Lateral clearance adjustment, fLC           0.0            mi/h                 
Interchange density adjustment, fID         0.0            mi/h                 
Number of lanes adjustment, fN              1.5            mi/h                 
Free-flow speed, FFS                        70.0           mi/h                 
                                            Urban Freeway                       
                                                                                
_________________________LOS and Performance Measures__________________________ 
                                                                                
Flow rate, vp                               2100           pc/h/ln              
Free-flow speed, FFS                        70.0           mi/h                 
Average passenger-car speed, S              62.7           mi/h                 
Number of lanes, N                          4                                   
Density, D                                  33.5           pc/mi/ln             
Level of service, LOS                       D                                   
                                                                                
  Overall results are not computed when free-flow speed is less than 55 mph.    
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MEMORANDUM 
 
 
TO: Ms. Susan Tebo, Impact Sciences, Inc. 
 
 
FROM: Daryl Zerfass, P.E. 
 
 
DATE: November 11, 2009 
 
 
SUBJECT: LANDMARK VILLAGE – FINAL TRIP GENERATION 
 
 
The final project description for the proposed Landmark Village project (VTTM 53108) differs slightly 
from the initial project description that was used to prepare the project’s traffic impact study.  The change 
relates to the mix of residential units, with the final project description including fewer single family 
detached units and more multi-family units, as well as a lesser amount of commercial square footage. 
 
Following is a comparison between the initial project description and the final project description for the 
residential and commercial uses: 
 
 
  Initial Project Description   Final Project Description  
 591 DU - Single Family Detached Units 308 DU - Single Family Detached Units 
 853 DU - Multi Family Units 1,080 DU - Multi Family Units 
   56 DU - Mixed-Use/Multi Family Units 
 1,444 DU - Total 1,444 DU - Total 
 1,040 TSF - Commercial 1,033 TSF - Commercial 
 
 
A detailed land use and trip generation comparison between the initial and final project descriptions is 
provided in the attached Table 1.  The table shows how the final project description generates slightly less 
traffic (41,258 Total ADT; 2,836 AM Peak and 4,074 PM Peak)  than does the initial project description 
that was used for the project’s traffic impact study (41,884 Total ADT; 2,907 AM Peak and 4,164 PM 
Peak).  Therefore, based on the limited difference between the two scenarios in total ADT and AM/PM 
peak hour trips, the traffic impact study provides a valid and accurate depiction of the final project 
description's traffic impacts, although the study may overstate impacts to a limited degree. 
 



Ms. Susan Tebo, Impact Sciences, Inc. 
November 11, 2009 
Page 2 
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Table 1:  Land Use and Trip Generation Comparison 
  AM Peak Hour PM Peak Hour  
Land Use Units IB OB Total IB OB Total ADT 

 
Initial Project Description (from Traffic Impact Study) 

 
Single Family 591 DU 112 331 443 384 213 597 5,851 
Condo/Townhome 398 DU 24 191 215 187 103 291 3,184 
Apartment 455 DU 36 196 232 187 96 282 3,140 
     Residential Total 1,444 DU 173 718 890 758 412 1,170 12,174 
 
Commercial Retail 337.6 TSF 274 176 450 870 941 1,811 20,448 
Commercial Office 702.4 TSF 1,089 133 1,222 148 906 1,054 8,120 
     Commercial Total 1,040.0 TSF 1,363 309 1,672 1,018 1,847 2,865 28,568 
 
Elementary School 750 STU 195 150 345 60 68 128 1,088 
Parks 16.1 AC 0 0 0 1 0 1 54 
 
     Grand Total   1,731 1,177 2,907 1,837 2,327 4,164 41,884 

 
Final Project Description 

 
Single Family 308 DU 59 172 231 200 111 311 3,049 
Condo/Townhome 629 DU 38 302 340 296 164 459 5,032 
Apartment 451 DU 36 194 230 185 95 280 3,112 
Mixed-Use/Multi-Family 56 DU 3 27 30 26 15 41 448 
     Residential Total 1,444 DU 136 695 831 707 384 1,091 11,641 
 
Commercial Retail 347.1 TSF 289 178 467 872 953 1,825 20,558 
Commercial Office 685.9 TSF 1,063 130 1,193 144 885 1,029 7,929 
     Commercial Total 1,033.0 TSF 1,352 308 1,660 1,016 1,838 2,854 28,487 
 
Elementary School 750 STU 195 150 345 60 68 128 1,088 
Parks 16.1 AC 0 0 0 0 1 1 42 
 
     Grand Total   1,683 1,154 2,836 1,784 2,290 4,074 41,258 
     Net Change   -48 -23 -71 -53 -37 -90 -626 
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SR-126 TRAFFIC ANALYSIS FOR COMMUNITY OF PIRU 
IN VENTURA COUNTY 

 

This analysis evaluates long-range traffic volumes at two intersections with Telegraph Road (SR-

126) in the community of Piru near the Ventura County/Los Angeles County line.  The purpose is to 

identify potential improvements at these locations and the traffic shares attributable to the Newhall Ranch 

project in Los Angeles County. 

 

ANALYSIS 

 

Existing peak hour turning movement volumes were collected in January 2004 at the intersections 

of Main Street/Torrey Road at Telegraph Road, and Center Street at Telegraph Road.  These volumes and 

are illustrated in Figure 1.  The Main Street/Torrey Road intersection is signalized while the Center Street 

intersection is under stop sign control.  In June 2003, Caltrans collected a 24-hour volume on Telegraph 

Road in this vicinity of approximately 25,000 vehicles per day (shown in the top half of Figure 1). 

 

The peak hour turning movement volumes were used to calculate intersection levels of service 

(LOS) using the intersection capacity utilization (ICU) methodology for the signalized intersection and 

Highway Capacity Manual (HCM) methodology for both the signalized and the unsignalized 

intersections.  The results are summarized in Table 1. 

 

Table 1:  Existing LOS Summary 
Intersection AM Peak Hour PM Peak Hour 

 
1.  Main St/Torrey Rd & Telegraph Rd 

  

ICU/LOS .38 (A) .43 (A) 
Average Delay (s)/LOS 16.9 (B) 16.3 (B) 

   
2.  Center St & Telegraph Rd   

SB Approach Delay (s)/LOS 22.2 (C) 26.4 (D) 
 

 

As shown here, the intersection of Main Street/Torrey Road and Telegraph Road (signalized) 

operates at LOS A under the ICU methodology, and LOS B under the HCM delay analysis methodology.  

Using the HCM delay analysis methodology for the unsignalized intersection of Center Street and 

Telegraph Road results in a LOS C in the AM peak hour and LOS D in the PM peak hour (note that the 

delay is calculated only for the southbound approach since traffic on Telegraph Road is uncontrolled). 
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Long-range (2025) peak hour volumes for buildout were obtained by factoring side-street 

volumes to account for growth in the community of Piru (described below), and deriving thru-traffic 

volumes on Telegraph Road (SR-126) from the buildout version of the Ventura County Traffic Model 

(VCTM).  The VCTM long-range volumes include Newhall Ranch Specific Plan build-out traffic.  

 

For the side-street volumes, demographic data from the VCTM was utilized.  Piru is represented 

in the VCTM as one entire zone, and comparing existing demographic and trip generation data with 

buildout (Year 2020) forecasts yields a 2.6 percent annual growth rate factor.  For the 16-year time period 

from 2004 to 2020, this translates to 42 percent growth, which was applied to the existing side-street 

volumes.  These side-street volumes were then added to the thru volumes on Telegraph Road (SR-126) 

and the resulting turn movements were used to calculate buildout LOS. 

 

Buildout peak hour intersection volumes are illustrated in Figure 2 and the corresponding levels 

of service are summarized in Table 2.  

 

Table 2:  Buildout LOS Summary 
 Existing Buildout 
Intersection AM PM AM PM 

 
1.  Main St/Torrey Rd & Telegraph Rd 

    

ICU/LOS .38 (A) .43 (A) .60 (B) .73 (C) 
Average Delay (s)/LOS 16.9 (B) 16.3 (B) 20.6 (C) 34.6 (C) 

     
2.  Center St & Telegraph Rd     

SB Approach Delay/LOS 22.2 (C) 26.4 (D) 55.0 (F) 199.2 (F) 
 

 

 

As shown by the ICU’s under buildout conditions, the intersection of Main Street/Torrey Road at 

Telegraph Road will operate at LOS “B” and “C” in the AM and PM peak hours, respectively.  Using the 

HCM delay analysis methodology produces a LOS of “C” in both the AM and PM peak hour.  At the 

intersection of Center Street and Telegraph Road, the LOS is “F” for the southbound approach in both the 

AM and PM peak hours, respectively, using the HCM delay analysis methodology for unsignalized 

intersections.  
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SIGNAL WARRANT 

 

The intersection of Main Street/Torrey Road at Telegraph Road is currently signalized, and the 

intersection of Center Street at Telegraph Road is stop sign controlled on Center Street.  Table 3 

summarizes the signal warrant volumes for buildout conditions at the unsignalized intersection.   

 

Table 3:  Buildout Signal Warrant Volumes 
Intersection  AM PM 
 
2.  Center St & Telegraph Rd 

   

 Major Approach Eastbound 1420 1460 
  Westbound 1080 1460 
 Total 

 
2500 2920 

 Minor Approach Southbound 30 40 
 Satisfies Warrant? 
 

 No No 

 

As shown, the projected future peak hour traffic volumes will not meet the criteria for intersection 

signalization given the above forecasts of side street (Center Street) traffic.  However, the volume of main 

street (Telegraph Road) traffic will warrant the installation of a traffic signal with just a slight increase  in 

side street traffic.  As this analysis is based upon the conceptual build-out of the Community of Piru and 

long-term projected future traffic levels in Ventura County, a small increase in future traffic volumes 

above those presently forecast would trigger the requirement that a traffic signal be installed at this 

location.  Therefore, the future installation of a traffic signal at this intersection can be reasonably 

anticipated as a necessary future intersection improvement.       

 

INTERSECTION IMPROVEMENTS 

 

 Three intersection improvements are identified here to improve safety and reduce delay at the 

Center Street intersection: 

 

1. Stripe southbound leg to have separate left turn and right turn lanes. 

2. Provide a westbound right turn deceleration lane. 

3. Install traffic signal when warranted. 
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These lane improvements will reduce the stopped delay in the AM from 55.0 seconds to 52.9 and 

in the PM from 199.2 to 170.1 seconds.  In combination, there is a 12 percent reduction in delay. The 

installation of a traffic signal will result in LOS A conditions for both the AM and PM peak hours, with 

average vehicle delays of 4.6 seconds and 5.6 seconds, respectively (see Appendix for LOS calculations). 

 

TRAFFIC SHARES 

 

The “Newhall Ranch Supplemental Traffic Analysis, Ventura County Impact Analysis” prepared 

in February 2001, determined the impacts of the Newhall Ranch Specific Plan on arterial roads in Ventura 

County.  This document identified a Year 2020 ADT forecast of 31,000 on Telegraph Road (SR-126) in 

Piru.  The Newhall Ranch contribution to this forecast was determined to be approximately 1,000 vehicles 

per day (vpd). 

 

Comparing the buildout forecast of 31,000 ADT on Telegraph Road (SR-126) to the existing 

volume of 20,000 ADT (at the time the above referenced report was prepared), results in an increase of 

approximately 11,000 vpd in the future.  Based on the 1,000 vpd determined to be Newhall Ranch project 

traffic, the project share of traffic at this location is approximately nine percent.  Accordingly, the 

improvements noted above could be considered as a reasonable mitigation for project impacts, since they 

will result in a 12 percent reduction in peak hour delay with the lane improvements only, and LOS A 

conditions with the installation of a traffic signal. 
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APPENDIX 
 

ICU AND HCM CALCULATIONS  
 

 





























SR-126 Traffic Growth Rates (2003-2008) Memorandum,
Austin-Foust Associates; November 16, 2009



  105363mm2.doc 

 

 
 
 
 
 
MEMORANDUM 
 
 
 
TO:  Susan Tebo, Impact Sciences 
 
 
FROM:  Daryl Zerfass, P.E. 
 
 
DATE:  November 16, 2009 
 
 
SUBJECT: LANDMARK VILLAGE – SR-126 TRAFFIC GROWTH RATES (2003-2008) 
 
 
 The 2004 traffic report prepared by Austin-Foust Associates, Inc. (AFA) for the Landmark 
Village project utilized 2003 traffic counts for the "existing conditions" baseline, and assumed completion 
of project Phase 1 in 2007, completion of Phase 2 in 2008, and full project buildout in 2010.  However, 
development of the proposed project has been deferred to accommodate the environmental review process 
such that project buildout is now contemplated to occur in 2014.  Nonetheless, as illustrated on the table 
below, 2003/2007 Base Year and Phased Development Comparison, the traffic impact analysis prepared 
by AFA with a base year of 2003 and an assumed year 2010 project buildout remains valid and is equally 
applicable to the revised timeframe.  In other words, the analysis presented in the 2004 traffic report is 
functionally equivalent to an impact analysis with a base year of 2007 and an assumed project buildout 
year of 2014. 
 

2003/2007 Base Year and Phased Development Comparison 

Timeframe 
2004 Traffic 
Study 

Current 
Estimate 

Base Year  2003  2007 
Phase 1 Buildout  2007  2011 
Phase 2 Buildout  2008  2012 
Full Project Buildout  2010  2014 

 
 
As shown on the following table, Existing Conditions/Baseline Comparison – SR-126, 2007 

traffic counts conducted by Caltrans on the segments of SR-126 that comprise the project study area 
illustrate that 2007 traffic levels are comparable to the 2003 traffic levels utilized in the traffic report.  For  
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example, in 2003 vehicle traffic counts on SR-126 at Castaic Junction, the easternmost segment in the 
study area, totaled 33,000 annual ADT (AADT).  In 2007, traffic counts on this same segment increased 
by 500 AADT over 2003 counts to a total 33,500 AADT, a statistically insignificant increase over year 
2003.  Similar limited increases over 2003 counts were observed at the Ventura County-Los Angeles 
County line, in the western portion of the study area.  At the west city limits of Fillmore (the westernmost 
segment of the study area), a slight decrease is shown from 2003 conditions (31,000 AADT) to 2007 
conditions (29,000 AADT), as is also the case at Wolcott Way.  Thus, a "baseline" existing condition of 
2007 is effectively equivalent to the 2003 baseline used in the traffic impacts analysis.   
 
 

Existing Conditions/Baseline Comparison – SR-126 
 Annual ADT 
Location  2003  2004  2005  2006  2007  2008 
SR‐126 at West Fillmore City Limits  31,000  32,000  29,500  29,000  29,000  27,500 
SR‐126 at Ventura Co. Line  23,600  24,000  22,500  23,800  23,800  22,600 
SR‐126 at Wolcott Way  25,000  25,500  23,900  26,500  24,500  23,000 
SR‐126 at Castaic Junction  33,000  33,500  31,000  33,500  33,500  31,500 
Source: California Department of Transportation, Traffic Volumes on the California State Highway System, excerpts of 
annual reports for years 2003 through 2008. (Excerpts attached.)  

 
 

 
Furthermore, data from 2008, which is currently the most recent data available from Caltrans, 

indicates that traffic volumes have decreased along the entire segment of the SR-126 study area in 
comparison to the 2007 baseline conditions, as shown in the above table.   

 
As explained in the 2004 traffic report, to assess the Landmark Village project's impacts on the 

study area roadway (i.e., SR-126), horizon year baseline conditions were derived by using 2003 traffic 
volumes, with an added growth factor of 2.0 percent per year to account for background growth in 
ambient traffic.  Thus, the baseline for the 2007 Phase 1, 2008 Phase 2, and 2010 Project Buildout 
scenarios was based on the 2003 traffic counts, plus 2% annual growth for each of four years, five years 
and seven years, respectively.  To this baseline, Phase 1, Phase 2, and Project Buildout traffic volumes 
were added and the resulting impacts were assessed.  Because the traffic growth anticipated to occur 
between 2003 and 2007 never occurred, 2007 "existing conditions" are similar to those conditions 
existing in 2003.  Thus, the results of the impacts analysis presented in the 2004 traffic report apply 
equally to the current development scenario as to the original development scenario.   This is because the 
traffic impact analysis with a base year of 2003 and horizon years of 2007, 2008, and 2010, is 
functionally equivalent to an impact analysis with a base year of 2007 and horizon years of 2011, 2012, 
and 2014. 
 
 
 
Enclosure:  California Department of Transportation, Traffic Volumes on the California State Highway 
System, excerpts of annual reports for years 2003 through 2007 
 



 2003 CALTRANS COUNTS

DISTRICT ROUTE
RTE 
SUF COUNTY

Postmile 
Prefix

POST
MILE DESCRIPTION

BACK 
PEAK HR

BACK 
PEAK 
MONTH

BACK 
AADT

AHEAD 
PEAK HR

AHEAD 
PEAK 
MONTH

AHEAD 
AADT

10 124 AMA R 10.34 WAITES STATION, JCT. RTE. 16                                                                 260 2300 2100                     
11 125  SD         SAN DIEGO COUNTY                                                                                                                           
11 125  SD L 13.22 EAST JCT. RTE. 94; BEGIN FREEWAY                                                                           12700 146000 135000
11 125  SD  14.74 LA MESA, LEMON AVENUE                                                                         12700 146000 135000 12400 143000 132000
11 125  SD R 15.09 LA MESA, GROSSMONT BOULEVARD                                                       12400 143000 132000 3600 41000 38000
11 125  SD R 15.41 LA MESA, JCT. RTE. 8                                                                                  3600 41000 38000 5300 70000 56000
11 125  SD  18.66 LA MESA, AMAYA DRIVE                                                                             5300 70000 56000 5700 63000 54000
11 125  SD  19.53 NAVAJO ROAD                                                                                              5700 63000 54000                     
11 125  SD         (BREAK IN ROUTE)                                                                                                                               
11 125  SD T 20.4 GROSSMONT COLLEGE DRIVE                                                                                      4950 56000 48500
11 125  SD  22.17 JCT. RTE. 52                                                                                                  4950 56000 48500 1950 22700 19800
11 125  SD  22.3 MISSION GORGE ROAD                                                                               1950 22700 19800                     

7 126 VEN         VENTURA COUNTY                                                                                                                              
7 126 VEN  0 VENTURA, JCT. RTE. 101; BEGIN FREEWAY                                                                 4450 48000 44500
7 126 VEN  1.45 VENTURA, VICTORIA AVENUE                                                                    4450 48000 44500 4500 49000 45500
7 126 VEN  2.78 VENTURA, KIMBALL ROAD                                                                          4500 49000 45500 3600 40000 37000
7 126 VEN R 5.03 JCT. RTE. 118 EAST, WELLS ROAD                                                            3600 40000 37000 4700 52000 48500
7 126 VEN R 8.91 BRIGGS ROAD                                                                                              4700 52000 48500 4550 51000 47500
7 126 VEN R 10.38 SANTA PAULA, PECK ROAD                                                                        4550 51000 47500 3850 43500 40500
7 126 VEN R 11.37 SANTA PAULA, PALM AVENUE                                                                   3850 43500 40500 3550 40000 37000
7 126 VEN R 12.04 JCT. RTE. 150 NORTH; TENTH STREET                                                     3550 40000 37000 2950 33000 30500
7 126 VEN R 13.14 END FREEWAY                                                                                             
7 126 VEN R 13.25 HALLOCK DRIVE                                                                                           2950 33000 30500 3100 35000 31000
7 126 VEN T 16.73 SESPE RANCH   (MILEPOST EQUATION)                                                  3100 35000 31000 3100 35000 31000
7 126 VEN  20.33 LOS SERENOS ROAD                                                                                  3100 35000 31000 2900 33500 32000
7 126 VEN  21.14 FILLMORE, JCT. RTE. 23   SOUTH; A STREET                                           3050 35500 33500 2800 32000 30500
7 126 VEN  22.48 FILLMORE EAST CITY LIMITS                                                                     2250 25500 24100 2250 25500 24100
7 126 VEN  29.28 PIRU, CENTER STREET                                                                               2200 26500 23100 2150 26000 22800
7 126 VEN  34.64 VENTURA COUNTY-LOS ANGELES COUNTY                                            2250 27000 23600
7 126  LA 0 VENTURA COUNTY-LOS ANGELES COUNTY                                            2250 27000 23600
7 126  LA  3.57 WALCOTT WAY                                                                                             2250 27000 23600 2350 28500 25000
7 126  LA R 5.21 BEGIN FREEWAY                                                                                          
7 126  LA R 5.42 CASTAIC JUNCTION                                                                                     3100 37500 33000 3100 37500 33000

7 126  LA R 5.83
CASTAIC JUNCTION, NORTH   JCT. RTE. 5, GOLDEN STATE               
FREEWAY; END FREEWAY                        3100 37500 33000                     

7 126  LA         (BREAK IN ROUTE)                                                                                                                               

7 126  LA R 5.84
SANTA CLARITA, SAUGUS JUNCTI  SOUTH JCT. RTE. 5, GOLDEN 
STATE FREEWAY                                        2800 37500 31500

7 126  LA  6.03 WEST OF TOURNEY ROAD,   END OF ROUTE 126                                   2800 37500 31500                     
8 127 SBD         SAN BERNARDINO COUNTY                                                                                                               
8 127 SBD L 0 BAKER, JCT. RTE. 15                                                                                                        1100 9000 7400
8 127 SBD L 0.17 BAKER, JUNCTION OLD   STATE HIGHWAY; BAKER BOULEVARD 1100 9000 7400 350 2800 2200
8 127 SBD  0.64 SCHOOL ROAD                                                                                             350 2800 2200 210 1700 1250
8 127 SBD  29.71 IRWIN/SARATOGA SPRINGS ROADS                                                         200 1600 1200 130 1250 700
8 127 SBD  41.47 SAN BERNARDINO-INYO   COUNTY LINE                                                  130 1250 700                     
9 127 INY  0 SAN BERNARDINO-INYO   COUNTY LINE                                                                      130 1250 700
9 127 INY  14.75 SHOSHONE, SOUTH   JCT. RTE. 178 EAST                                               150 1100 950                     
9 127 INY  16.43 NORTH JCT. RTE. 178 WEST;   SHOSHONE, NORTH                               70 500 450 50 400 300
9 127 INY  41.99 SOUTH OF STATELINE ROAD                                                                     60 400 350 90 850 750
9 127 INY  42.15 DEATH VALLEY JUNCTION,   JCT. RTE. 190 WEST                                  90 850 750 80 720 700

2003aadt.xls



 2004 CALTRANS COUNTS

District Route
Rte 
Suf County

PM 
Prefix Postmile Description

Back Peak 
Hour

Back Peak 
Month

Back 
AADT

Ahead 
Peak 
Hour

Ahead 
Peak 
Month

Ahead 
AADT

11 125  SD  14.74 LA MESA, LEMON AVENUE                                                  11100 150000 147000 10900 147000 144000
11 125  SD R 15.09 LA MESA, GROSSMONT BOULEVARD                                10900 147000 144000 3150 42000 41500
11 125  SD R 15.41 LA MESA, JCT. RTE. 8                                                           3150 42000 41500 4600 62000 61000
11 125  SD R 15.68 MILEPOST EQUATION   =18.28                                            
11 125  SD  18.66 LA MESA, AMAYA DRIVE                                                      4600 62000 61000 5800 77000 76000
11 125  SD  19.53 NAVAJO ROAD                                                                       5800 77000 76000                     
11 125  SD         (BREAK IN ROUTE)                                                                                                        
11 125  SD T 20.4 GROSSMONT COLLEGE DRIVE                                                               5100 60000 59000
11 125  SD T 20.87 MILEPOST EQUATION   =20.87                                            
11 125  SD  22.17 JCT. RTE. 52                                                                           5100 60000 59000 1950 23400 23000
11 125  SD  22.3 MISSION GORGE ROAD                                                       1950 23400 23000                     

7 126 VEN         VENTURA COUNTY                                                                                                       
7 126 VEN  0 VENTURA, JCT. RTE. 101; BEGIN FREEWAY                                         4500 49500 45000
7 126 VEN  1.45 VENTURA, VICTORIA AVENUE                                            4500 49500 45000 4600 51000 46500
7 126 VEN  2.78 VENTURA, KIMBALL ROAD                                                   4600 51000 46500 3700 41500 38000
7 126 VEN R 5.03 JCT. RTE. 118 EAST, WELLS ROAD                                     3700 41500 38000 4800 54000 49500
7 126 VEN R 8.91 BRIGGS ROAD                                                                       4800 54000 49500 4650 53000 48500
7 126 VEN R 10.38 SANTA PAULA, PECK ROAD                                                4650 53000 48500 3950 45000 41500
7 126 VEN R 11.37 SANTA PAULA, PALM AVENUE                                            3950 45000 41500 3650 41500 38000
7 126 VEN R 12.04 JCT. RTE. 150 NORTH; TENTH STREET                              3650 41500 38000 3050 34500 31500
7 126 VEN R 13.14 END FREEWAY                                                                      
7 126 VEN R 13.25 HALLOCK DRIVE                                                                    3050 34500 31500 3150 35500 32000
7 126 VEN T 16.73 SESPE RANCH   (MILEPOST EQUATION)                           3150 35500 32000 3150 35000 32000
7 126 VEN  20.33 LOS SERENOS ROAD                                                           3150 35000 32000 2950 34000 32500
7 126 VEN  21.14 FILLMORE, JCT. RTE. 23   SOUTH; A STREET                   3100 36000 34000 2850 32500 31000
7 126 VEN  22.48 FILLMORE EAST CITY LIMITS                                              2300 26000 24600 2200 26000 24600
7 126 VEN  29.28 PIRU, CENTER STREET                                                        2200 27000 23400 2200 27000 23400
7 126  LA  34.64 VENTURA COUNTY-LOS ANGELES COUNTY                    2300 27500 24000 2300 27500 24000
7 126  LA  3.57 WALCOTT WAY                                                                      2300 27500 24000 2400 29000 25500
7 126  LA R 5.21 BEGIN FREEWAY                                                                  
7 126  LA R 5.42 CASTAIC JUNCTION                                                              3150 38000 33500 3150 38000 33500

7 126  LA R 5.83
CASTAIC JUNCTION, NORTH   JCT. RTE. 5, GOLDEN 
STATE  FREEWAY; END FREEWAY                        3150 38000 33500                     

7 126  LA         (BREAK IN ROUTE)                                                                                                        

7 126  LA R 5.84
SANTA CLARITA, SAUGUS JUNCTI  SOUTH JCT. RTE. 
5, GOLDEN STATE FREEWAY                                        2950 39500 33000

7 126  LA R 6 MILEPOST EQUATION    =6.00                                             
7 126  LA  6.03 WEST OF TOURNEY ROAD,   END OF ROUTE 126            2950 39500 33000                     
8 127 SBD         SAN BERNARDINO COUNTY                                                                                        
8 127 SBD L 0 BAKER, JCT. RTE. 15                                                                                1100 9000 7400

2004aadt.xls



 2005 CALTRANS COUNTS

District Route Rte Suf County
PM 

Prefix Postmile Description

Back 
Peak 
Hour

Back 
Peak 

Month
Back 
AADT

Ahead 
Peak 
Hour

Ahead 
Peak 

Month
Ahead 
AADT

7 126 VEN         VENTURA COUNTY                                                                                                   
7 126 VEN  0 VENTURA, JCT. RTE. 101; BEGIN FREEWAY                                     4500 49500 45000
7 126 VEN  1.45 VENTURA, VICTORIA AVENUE                                        4500 49500 45000 4550 51000 46000
7 126 VEN  2.78 VENTURA, KIMBALL ROAD                                              4550 51000 46000 3650 41000 37500
7 126 VEN R 5.03 JCT. RTE. 118 EAST, WELLS ROAD                                3650 41000 37500 4750 54000 49000
7 126 VEN R 8.91 BRIGGS ROAD                                                                   4750 54000 49000 4600 52000 48000
7 126 VEN R 10.38 SANTA PAULA, PECK ROAD                                            4600 52000 48000 3950 45000 41500
7 126 VEN R 11.37 SANTA PAULA, PALM AVENUE                                        3950 45000 41500 3600 41000 37500
7 126 VEN R 12.04 JCT. RTE. 150 NORTH; TENTH STREET                         3600 41000 37500 3050 35000 31500
7 126 VEN R 13.14 END FREEWAY                                                                  
7 126 VEN R 13.25 HALLOCK DRIVE                                                               3050 35000 31500 3100 35500 31500
7 126 VEN T 16.73 SESPE RANCH                                                                  3100 35500 31500 2900 33000 29500
7 126 VEN  20.33 LOS SERENOS ROAD                                                       2900 33000 29500 2800 32500 30500
7 126 VEN  21.14 FILLMORE, JCT. RTE. 23   SOUTH; A STREET               3000 34000 32000 2700 31000 29000
7 126 VEN  22.48 FILLMORE EAST CITY LIMITS                                          2200 24600 23000 2200 24600 23000
7 126 VEN  29.28 PIRU, CENTER STREET                                                   2200 25500 22000 2200 25500 21800
7 126  LA  34.64 VENTURA COUNTY-LOS ANGELES COUNTY                2250 26000 22500 2250 26000 22500
7 126  LA  3.57 WALCOTT WAY                                                                 2250 26000 22500 2350 28000 23900
7 126  LA R 5.21 BEGIN FREEWAY                                                              
7 126  LA R 5.42 CASTAIC JUNCTION                                                         3150 36500 31500 3100 35500 31000

7 126  LA R 5.83
CASTAIC JUNCTION, NORTH   JCT. RTE. 5, GOLDEN 
STATE FREEWAY                       3100 35500 31000                     

7 126  LA         (BREAK IN ROUTE)                                                                                                   

7 126  LA R 5.84
SANTA CLARITA, SAUGUS JUNCTION  SOUTH JCT. 
RTE. 5, GOLDEN STATE FREEWAY                                        3050 40500 34000

7 126  LA  6.03 WEST OF TOURNEY ROAD,   END OF ROUTE 126       3050 40500 34000                     
8 127 SBD         SAN BERNARDINO COUNTY                                                                                   
8 127 SBD L 0 BAKER, JCT. RTE. 15                                                                            1100 9000 7400

8 127 SBD L 0.17
BAKER, JUNCTION OLD STATE HIGHWAY; BAKER 
BOULEVARD                                             1100 9000 7400 350 2800 2200

8 127 SBD  0.64 SCHOOL ROAD                                                                 350 2800 2200 210 1700 1250
8 127 SBD  29.71 IRWIN/SARATOGA SPRINGS ROADS                             200 1600 1200 130 1250 700
8 127 SBD  41.47 SAN BERNARDINO-INYO COUNTY LINE                        130 1250 700                     
9 127 INY  0 SAN BERNARDINO-INYO COUNTY LINE                                            130 950 700
9 127 INY  14.75 SHOSHONE, SOUTH JCT. RTE. 178 EAST                      240 1900 1100 350 1100 1100
9 127 INY  16.43 NORTH JCT. RTE. 178 WEST;SHOSHONE, NORTH       300 700 550 100 400 330
9 127 INY  41.99 SOUTH OF STATELINE ROAD                                         65 480 370 120 1100 750
9 127 INY  42.15 DEATH VALLEY JUNCTION, JCT. RTE. 190 WEST         120 1100 750 90 750 650
9 127 INY  49.42 NEVADA STATE LINE                                                        70 610 600                     
1 128 MEN         MENDOCINO COUNTY                                                                                             
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 2006 CALTRANS COUNTS

District Route
Rte 
Suf County

PM 
Pre Postmile Description

Back 
Peak 
Hour

Back 
Peak 

Month
Back 
AADT

Ahead 
Peak 
Hour

Ahead 
Peak 

Month
Ahead 
AADT

11 125 SD 14.738 LEMON AVENUE 12900 161000 159000 12600 157000 155000
11 125 SD R 15.094 LA MESA, GROSSMONT BOULEVARD 12600 157000 155000 5900 74000 73000
11 125 SD R 15.409 JCT. RTE. 8 5900 74000 73000 7000 87000 86000
11 125 SD 18.663 LA MESA, AMAYA DRIVE 7000 87000 86000 7700 85000 83000
11 125 SD 19.530 NAVAJO ROAD 7700 85000 83000 7100 78000 76000
11 125 SD 20.393 GROSSMONT COLLEGE DRIVE 7100 78000 76000 5900 68000 66000
11 125 SD 22.172 JCT. RTE. 52, SANTEE 5900 68000 66000 2250 25500 25000
11 125 SD 22.301 MISSION GORGE ROAD 2250 25500 25000
7 126 VEN 0.000 VENTURA, JCT RTE 101 4650 52000 47000
7 126 VEN 1.448 VENTURA, VICTORIA AVENUE INTERCHANGE 4650 52000 47000 4550 51000 46000
7 126 VEN 2.799 VENTURA, KIMBALL ROAD INTERCHANGE 4550 51000 46000 3500 40000 36000
7 126 VEN R 5.031 VENTURA, JCT. RTE. 118, WELLS ROAD INTERCHANGE 3500 40000 36000 4700 54000 49000
7 126 VEN R 8.912 BRIGGS ROAD INTERCHANGE 4700 54000 49000 4600 53000 48500
7 126 VEN R 10.380 SANTA PAULA, PECK ROAD INTERCHANGE 4600 53000 48500 3950 46000 42000
7 126 VEN R 11.365 SANTA PAULA, PALM AVENUE INTERCHANGE 3950 46000 42000 3650 42000 38000
7 126 VEN R 12.042 SANTA PAULA, JCT. RTE. 126, 10TH STREET 3650 42000 38000 3100 35500 32000
7 126 VEN R 13.248 HALLOCK DRIVE 3100 35500 32000 3100 36000 32500
7 126 VEN T 16.730 SESPE RANCH UNDERCROSSING 3100 36000 32500 2800 32000 29000
7 126 VEN 20.331 FILLMORE, WEST CITY LIMITS, LOS SERENOS ROAD 2800 32000 29000 2750 32500 29500
7 126 VEN 21.137 FILLMORE, JCT. RTE. 23, A STREET 3150 37500 33500 3200 37500 33500
7 126 VEN 22.480 FILLMORE, EAST CITY LIMITS 2500 28500 25500 2500 28500 25500
7 126 VEN R 29.296 CENTER STREET 2350 29500 24100 2350 29000 23800
7 126 VEN R 34.640 VENTURA/LOS ANGELES COUNTY LINE 2350 29000 23800
7 126 LA R 0.000 VENTURA/LOS ANGELES COUNTY LINE 2350 29000 23800
7 126 LA R 3.564 WOLCOTT WAY 2350 29000 23800 2550 32000 26500
7 126 LA R 5.460 CASTAIC JUNCTION 3250 40500 33500 3250 40500 33500
7 126 LA R 5.830 CASTAIC JUNCTION, NORTH JCT RTE 5 3250 40500 33500

BREAK IN ROUTE
7 126 LA R 5.840 SANTA CLARITA, SOUTH JCT. RTE. 5, GOLDEN STATE FREEWAY 3100 36500 35000
7 126 LA 6.036 SANTA CLARITA, TOURNEY ROAD 3100 36500 35000
8 127 SBD L 0.000 BAKER, JCT RTE 127 1050 7500 6800
8 127 SBD 0.000 BAKER, JUNCTION, OLD STATE HIGHWAY; BAKER BOULEVARD 1050 7500 6800 350 2800 2200
8 127 SBD 0.642 SCHOOL ROAD 350 2800 2200 230 1450 1150
8 127 SBD 29.708 SARATOGA SPRINGS ROAD 230 1450 1150 200 1150 850
8 127 SBD 41.473 SAN BERNARDINO/INYO COUNTY LINE 200 1150 850
9 127 INY 0.000 SAN BERNARDINO/INYO COUNTY LINE 200 1150 850
9 127 INY 6.510 OLD SPANISH TRAIL HWY 200 1150 850 170 1200 1000
9 127 INY 14.749 SHOSHONE, SOUTH JCT. RTE. 178 EAST 170 1200 1000 170 1200 1000
9 127 INY 16.249 NORTH JCT. RTE. 178 WEST, SHOSHONE, NORTH 150 1100 900 100 400 330
9 127 INY 41.990 SOUTH OF STATELINE ROAD 50 450 370 140 1200 1000
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 2007 CALTRANS COUNTS

District Route
Rte 
Suf County

PM 
Pre Postmile Description

Back 
Peak Hour

Back Peak 
Month

Back 
AADT

Ahead 
Peak 
Hour

Ahead 
Peak 

Month
Ahead 
AADT

11 125 SD 18.663 LA MESA, AMAYA DRIVE 7300 90000 89000 7800 89000 85000
11 125 SD 19.530 NAVAJO ROAD 7800 89000 85000 7200 81000 78000
11 125 SD 20.393 GROSSMONT COLLEGE DRIVE 7200 81000 78000 5900 67000 66000
11 125 SD 22.172 JCT. RTE. 52, SANTEE 5900 67000 66000 2100 25000 24700
11 125 SD 22.301 MISSION GORGE ROAD 2200 25000 24700

7 126 VEN 0.000 VENTURA, JCT RTE 101 4650 52000 48000
7 126 VEN 1.448 VENTURA, VICTORIA AVENUE INTERCHANGE 4650 52000 48000 4400 49000 46000
7 126 VEN 2.799 VENTURA, KIMBALL ROAD INTERCHANGE 4400 49000 46000 3450 38500 36000

7 126 VEN 5.031 VENTURA, JCT. RTE. 118, WELLS ROAD INTERCHANGE 3450 38500 36000 4750 53000 49500
7 126 VEN R 8.912 BRIGGS ROAD INTERCHANGE 4750 53000 49500 4650 52000 49000
7 126 VEN R 10.380 SANTA PAULA, PECK ROAD INTERCHANGE 4650 52000 49000 4000 45000 42500
7 126 VEN R 11.365 SANTA PAULA, PALM AVENUE INTERCHANGE 4000 45000 42500 3700 41500 38500

7 126 VEN R 12.042
SANTA PAULA, JCT. RTE. 150, 10TH STREET 
INTERCHANGE 3700 41500 38500 3100 34500 32000

7 126 VEN R 13.248 HALLOCK DRIVE 3100 34500 32000 3100 34500 32500
7 126 VEN T 16.730 SESPE RANCH UNDERCROSSING 3100 34500 32500 2800 31000 29000
7 126 VEN 20.331 FILLMORE, WEST CITY LIMITS, LOS SERENOS ROAD 2800 31000 29000 2750 31500 29500
7 126 VEN 21.137 FILLMORE, JCT. RTE. 23, A STREET 3200 36000 33500 3200 36000 33500
7 126 VEN 22.480 FILLMORE, EAST CITY LIMITS 2500 27500 25500 2500 27500 25500
7 126 VEN R 29.296 CENTER STREET 2350 27000 24100 2350 26500 23800
7 126 VEN R 34.640 VENTURA/LOS ANGELES COUNTY LINE 2350 26500 23800
7 126 LA R 0.000 VENTURA/LOS ANGELES COUNTY LINE 2350 26500 23800
7 126 LA R 3.564 WOLCOTT WAY 2350 26500 23800 2350 27000 24500
7 126 LA R 5.460 THE OLD ROAD INTERCHANGE 3250 37000 33500 3250 37000 33500

7 126 LA R 5.830
SANTA CLARITA, NORTH JCT. RTE. 5, GOLDEN STATE 
FREEWAY 3250 37000 33500
BREAK IN ROUTE

7 126 LA R 5.840
SANTA CLARITA, NORTH JCT. RTE. 5, GOLDEN STATE 
FREEWAY 3150 37000 35500

7 126 LA 6.036 SANTA CLARITA, TOURNEY ROAD (END OF ROUTE) 3150 37000 35500
8 127 SBD L 0.000 JCT. RTE. 15 1050 7500 6800

8 127 SBD 0.000
BAKER, JUNCTION, OLD STATE HIGHWAY; BAKER 
BOULEVARD 1050 7500 6800 350 2800 2200

8 127 SBD 0.642 SCHOOL ROAD 350 2800 2200 230 1450 1150
8 127 SBD 29.708 SARATOGA SPRINGS ROAD 230 1450 1150 250 1200 870
8 127 SBD 41.473 SAN BERNARDINO/INYO COUNTY LINE 250 1200 870
9 127 INY 0.000 SAN BERNARDINO/INYO COUNTY LINE 250 1200 870
9 127 INY 6.510 OLD SPANISH TRAIL HWY 250 1200 870 130 900 750
9 127 INY 14.749 SHOSHONE, SOUTH JCT. RTE. 178 EAST 170 1200 1000 140 1100 870
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 2008 CALTRANS COUNTS

District Route
Rte 
Suf County

PM 
Pre Postmile Description

Back 
Peak 
Hour

Back 
Peak 

Month
Back 
AADT

Ahead 
Peak 
Hour

Ahead 
Peak 

Month
Ahead 
AADT

11 125 SD 18.663 LA MESA, AMAYA DRIVE 7200 88000 89000 8000 88000 85000
11 125 SD 19.530 NAVAJO ROAD 8000 88000 85000 7200 81000 78000
11 125 SD 20.393 GROSSMONT COLLEGE DRIVE 7200 81000 78000 6000 68000 67000
11 125 SD 22.172 JCT. RTE. 52, SANTEE 6000 68000 67000 2250 26500 26000
11 125 SD 22.301 MISSION GORGE ROAD 2250 26500 26000
7 126 VEN 0.000 VENTURA, JCT RTE 101 4600 50000 47500
7 126 VEN 1.448 VENTURA, VICTORIA AVENUE INTERCHANGE 4600 50000 47500 4300 47000 44500
7 126 VEN 2.799 VENTURA, KIMBALL ROAD INTERCHANGE 4300 47000 44500 3300 36500 34500
7 126 VEN 5.031 VENTURA, JCT. RTE. 118, WELLS ROAD INTERCHANGE 3300 36500 34500 4650 50000 48000
7 126 VEN R 8.912 BRIGGS ROAD INTERCHANGE 4650 50000 48000 4500 49000 47000
7 126 VEN R 10.380 SANTA PAULA, PECK ROAD INTERCHANGE 4500 49000 47000 3850 42000 40500
7 126 VEN R 11.365 SANTA PAULA, PALM AVENUE INTERCHANGE 3850 42000 40500 3550 38500 36500
7 126 VEN R 12.042 SANTA PAULA, JCT. RTE. 150, 10TH STREET INTERCHANGE 3550 38500 36500 2950 32000 30000
7 126 VEN R 13.248 HALLOCK DRIVE 2950 32000 30000 2950 32000 30500
7 126 VEN T 16.730 SESPE RANCH UNDERCROSSING 2950 32000 30500 2650 29000 27500
7 126 VEN 20.331 FILLMORE, WEST CITY LIMITS, LOS SERENOS ROAD 2650 29000 27500 2650 29000 27500
7 126 VEN 21.137 FILLMORE, JCT. RTE. 23, A STREET 3050 33500 31500 3050 33500 31500
7 126 VEN 22.480 FILLMORE, EAST CITY LIMITS 2400 25500 24100 2400 25500 24100
7 126 VEN R 29.296 CENTER STREET 2200 24900 22800 2150 24600 22600
7 126 LA R 0.000 VENTURA/LOS ANGELES COUNTY LINE 2150 24600 22600
7 126 LA R 3.564 WOLCOTT WAY 2150 24600 22600 2200 25000 23000
7 126 LA R 5.460 THE OLD ROAD INTERCHANGE 3050 34500 31500 3050 34000 31500

7 126 LA R 5.830
CASTAIC JUNCTION, NORTH JCT. RTE. 5, GOLDEN STATE 
FREEWAY, END FREEWAY 3050 34000 31500

7 126 LA BREAK IN ROUTE

7 126 LA R 5.840
SANTA CLARITA, SAUGUS JUNCTION, SOUTH JCT. RTE. 5, GOLDEN 
STATE FREEWAY 2950 34500 34000

7 126 LA 6.036 SANTA CLARITA, TOURNEY ROAD (END OF ROUTE) 2950 34500 34000
8 127 SBD L 0.000 JCT. RTE. 15 1050 7400 6700
8 127 SBD L 0.170 BAKER, JUNCTIHIGHWAY (MILEPOST EQUATION) 1050 7400 6700
8 127 SBD 0.000 BAKER, JUNCTIHIGHWAY (MILEPOST EQUATION) 340 2700 2100
8 127 SBD 0.642 SCHOOL ROAD 340 2700 2100 220 1400 1100
8 127 SBD 29.708 SARATOGA SPRINGS ROAD 220 1400 1100 180 980 780
8 127 SBD 41.473 SAN BERNARDINO/INYO COUNTY LINE 180 980 780
9 127 INY 0.000 SAN BERNARDINO/INYO COUNTY LINE 180 980 780
9 127 INY 6.510 OLD SPANISH TRAIL HWY 180 980 780 130 900 700
9 127 INY 14.749 SHOSHONE, SOUTH JCT. RTE. 178 EAST 170 1200 950 140 1100 850
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WESTSIDE SANTA CLARITA VALLEY 
Roadway Phasing Analysis 
 

 

The purpose of this analysis is to evaluate the phased construction of new roadways within the 

Westside area of the Santa Clarita Valley.  Traffic volume forecasts are presented and are utilized to 

evaluate the proposed phasing plan. 

 

1.0 BACKGROUND 

The Westside of the Santa Clarita Valley is defined for the purpose of this analysis as the general 

area west of the Interstate 5 freeway, north of the existing Stevenson Ranch area, south of the Hasley 

Canyon/Val Verde area, and east of the Ventura County line, as depicted in Figure 1.  It includes the 

Newhall Ranch Specific Plan area and the entire area is generally under a single ownership.  The Newhall 

Ranch Specific Plan along with Entrada, Legacy Village and the buildout of the Commerce Center 

represent all the projects that will build out this area over the next 25 years.  

 

As the land development occurs, new roadway infrastructure will be constructed to serve the 

Westside area.  New highways, which include three bridge crossings of the Santa Clara River, as well as 

extensions of existing highways such as Magic Mountain Parkway, Valencia Boulevard, Pico Canyon 

Road, and Commerce Center Drive, will provide the backbone highway system for the Westside.  This 

analysis evaluates the phasing of that infrastructure in relation to the projected development. 

 

2.0 METHODOLOGY 

The timing and order of roadway construction is primarily based on the land development of the 

areas served by the roads.  A draft master land use phasing plan has been prepared by the land owner for 

use with this analysis, and the plan provides the basis for the trip generation characteristics (amount and 

location) within the area being studied.    

 

Several milestone years are modeled using versions of the Santa Clarita Valley Consolidated 

Traffic Model (SCVCTM) specially prepared for this analysis.  These horizon years start at year 2011 and 
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continue through the year 2030.  Detailed land use projections for the Westside area are utilized for the 

trip generation estimates for each of the horizon years.  Outside the Westside area, trip generation 

estimates are interpolated using the SCVCTM Interim Year setting and Long-range Cumulative setting as 

the basis for the interpolation.  

 

Figure 2 illustrates how the land use for the Westside area is projected to increase over time.  

Also shown in the figure is the corresponding trip generation for the same time period.  Note that the 

Westside area as used in this analysis includes the Commerce Center, which accounts for the majority of 

the non-residential development of the initial years of the land use plan. 

 

Figure 3 provides the corresponding information for the non-Westside portion of the Santa Clarita 

Valley.  Details of the land use projections for the Westside area are provided in the following section. 

3.0 WESTSIDE LAND USE 

With the exception of the Commerce Center area, which currently has around 6.5 MSF of 

occupied industrial park uses, the existing condition of the Westside area is largely undeveloped.  A 

summary of the Westside land use by development area is provided in Table 1, which shows the 

estimated dates for first occupancy and buildout. 

 

Table 2 provides a summary of occupancy projections for the Westside area.  Detailed land use 

and trip generation estimates for each planning area are provided in Appendix A for each of the horizon 

years selected for analysis. 

4.0 ROADWAY PHASING PLAN 

A master phasing plan for Westside area roadways has been developed to serve the areas listed in 

the previous section.  A total of seven distinct stages have been identified and are illustrated in Figure 4 

through Figure 10.   

 

The figures are organized such that roadway construction is identified by the years in which the 

construction needs to take place, which will tie in with the issuance of Certificates of Occupancy. 

 

text continued on Page 15 
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Newhall Land Westside Land Use
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 ▲Initial 9 MSF includes the existing Commerce Center plus estimated Commerce Center  
 occupancies through 2008. 
 

Newhall Land Westside Trip Generation
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Figure 2:  Westside Land Use and ADT Growth Trends 
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Santa Clarita Valley (excluding Westside) Land Use
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Santa Clarita Valley (excluding Westside) Trip Generation
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Figure 3:  Santa Clarita Valley (excluding Westside) Growth Trends 
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Table 1:  Westside Land Use by Development Area 

Area/Land Use Amount First Occupancy Buildout 

LANDMARK VILLAGE (NEWHALL RANCH) 

Residential  1,444 DU 2008 2011 

Commercial  1,033 TSF 2008 2011 

MISSION VILLAGE (NEWHALL RANCH) 

Residential  5,331 DU 2009 2023 

Commercial  1,299 TSF 2009 2023 

HOMESTEAD (NEWHALL RANCH) 

Residential  5,686 DU 2011 2025 

Commercial  1,330 TSF 2023 2030 

ENTRADA 

Residential  3,230 DU 2011 2019 

Commercial  3,285 TSF1 2008 2030 

Hotel  300 Room 2023 2023 

LEGACY VILLAGE (STEVENSON RANCH) 

Residential  3,500 DU 2012 2020 

Commercial  375 TSF 2019 2022 

POTRERO VILLAGE  (NEWHALL RANCH) 

Residential  8,424 DU 2013 2030 

Commercial  1,257 TSF2 2019 2030 

COMMERCE CENTER 

Commercial  13,100 TSF3,4 existing 2014 

TOTAL 

Residential  27,615 DU 2008 2030 

Commercial  21,679 TSF existing 2030 

Hotel  300 Room 2023 2023 
1VTTM 52295 only. Excludes other development by others that is part of the same traffic analysis zone. 
2Excludes water reclamation plant. 
3Includes existing development in the Commerce Center. 
4Sterling Project (approximately 1.3 MSF) is not included in the above total but traffic forecasts include full 
occupancy of the Sterling site by 2011. 
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Table 2:  Westside Area Occupancy Projections 

 Cumulative Occupancy Projections by Year 

 2008-2011 2012 2013-2014 2015-2018 2019-2022 2023-2025 2026-2030 

Location DU MSF DU MSF DU MSF DU MSF DU MSF DU MSF DU MSF 

Landmark Village 1,444 1.03 1,444 1.03 1,444 1.03 1,444 1.03 1,444 1.03 1,444 1.03 1,444 1.03 

Mission Village 531 .29 932 .29 1,874 .31 3,930 .64 5,297 .96 5,331 1.30 5,331 1.30 

Homestead (No.) -- -- -- -- -- -- -- -- 479 -- 1,779 .60 1,779 1.33 

Homestead (So.) 112 -- 312 -- 851 -- 2,289 -- 3,907 -- 3,907 -- 3,907 -- 

Potrero Village -- -- -- -- 114 -- 1,169 -- 3,516 .50 5,810 .90 8,424 1.36 

Legacy Village -- -- 97 -- 597 -- 2,586 -- 3,500 .38 3,500 .38 3,500 .38 

Entrada 150 .431 391 .43 1,186 .43 3,097 1.23 3,230 1.68 3,230 2.47 3,230 3.58 

Commerce Center -- 10.462 -- 11.42 -- 13.10 -- 13.10 -- 13.10 -- 13.10 -- 13.10 

 
Total 2,237 12.21 3,176 13.17 6,066 14.87 14,515 16.00 21,373 17.65 25,001 19.78 27,615 22.08 

 
Net Increase from 
Previous Period -- -- 939 .96 2,890 1.70 8,449 1.13 6,858 1.65 3,628 2.13 2,614 2.30 

 
1Includes existing Castaic Junction area development and anticipated occupancies between existing and 2011. 
2Includes existing Commerce Center development and anticipated occupancies between existing and 2011. 
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Completing the roadway construction by the years indicated will serve the land use plan as 

currently envisioned for that year and the years immediately following, after which additional 

infrastructure will be needed to serve additional development.  Therefore, the infrastructure shown in each 

stage of construction will accommodate the land use development that will be occurring while the next 

stage of new roadways are being constructed.  A description of each roadway construction stage, the 

estimated completion dates for the construction, and the amount of development that can be supported by 

that stage, is provided in Table 3. 

 

Table 3:  Roadway Construction Stages 

Stage Description Completion Date 
Max 
DU 

Max 
MSF 

1 Construct access to Landmark Village from SR-126 
Construct access to Water Treatment Plant from SR-126 
Extend Magic Mountain Parkway into Mission Village 
Extend Westridge Parkway to Magic Mountain Parkway 
Widen The Old Road between Feedmill Road & the 
 relocated Rye Canyon interchange  
Extend Magic Mountain Parkway into Homestead  

End of 2007 
End of 2007 

Mid 2009 
Mid 2009 
Mid 2010 

 
End of 2010 

2,237 12.21 

2 Construct Commerce Center Drive Bridge/connect 
 Mission Village to SR-126 
Extend Valencia Boulevard into Legacy Village 
Extend Poe Parkway to Valencia Boulevard 

End of 2011 
 

End of 2011 
End of 2011 

3,176 13.17 

3 Extend Magic Mountain Parkway into Potrero Village 
Construct segments of Valencia Blvd (Potrero Village) & 
 Long Canyon Road 
Construct Long Canyon Road Bridge/connect Homestead 
 (South) to SR-126 
Widen SR-126 to 8-lanes between Commerce Center 
 Drive and Long Canyon Road 

End of 2012 
End of 2012 

 
End of 2012 

 
End of 2012 

6,066 14.87 

4 Extend Valencia Boulevard to Potrero Village/Magic 
 Mountain Parkway  
Widen The Old Road between the  relocated Rye Canyon 
 interchange to just north of SR-126 

End of 2014 
 

End of 2014 14,515 16.00 

5 Construct Valencia Blvd west of Long Canyon  Road 
Construct access to Homestead (North) from SR-126 at 
 Chiquito Cyn Rd and at San Martinez Grande Cyn Rd 
Extend Pico Canyon Road to Valencia Blvd 

End of 2018 
End of 2018 

 
End of 2018 

21,373 17.65 

6 Construct access to Homestead (North) from SR-126 at 
 County Line 

End of 2022 25,001 19.78 

7 Construct 3rd river crossing Bridge (Potrero/Valencia) 2030 27,615 22.08 

DU = Dwelling Units MSF = Million Square Feet (non-residential uses) 
Max = Maximum amount of land use to be supported by Stage 

 

The following section presents traffic model forecasts for the key stages of the phasing plan. 
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5.0 TRAFFIC FORECASTS BY PHASE 

Key roadway construction stages have been modeled using the corresponding amount of land use 

development to be supported by the new roadways.  Figures illustrate the Average Daily Traffic (ADT) 

volumes and the corresponding amounts of Westside land use development for each of the following 

scenarios: 

 

• Year 2011 Land Use Projections with Stage 1 Roadways (Figure 11 & Figure 12) 
• Year 2012 Land Use Projections with Stage 2 Roadways (Figure 13 & Figure 14) 
• Year 2014 Land Use Projections with Stage 3 Roadways (Figure 15 & Figure 16)  
• Year 2018 Land Use Projections with Stage 4 Roadways (Figure 17 & Figure 18)  
• Year 2022 Land Use Projections with Stage 5 Roadways (Figure 19 & Figure 20) 
• Year 2025 Land Use Projections with Stage 6 Roadways (Figure 21 & Figure 22)  
• Year 2030 Land Use Projections with Stage 61 Roadways (Figure 23 & Figure 24) 

 

As noted earlier, the roadways shown for each phase will be adequate to support the land 

development up to that year.  Roadway construction from the next stage will then need to be in place to 

accommodate the additional development of subsequent years. 

 

In addition to the roadway improvements outlined in the previous section, various intersection 

specific improvements will be required as part of each stage.  Table 4 lists the intersection improvements 

needed to maintain acceptable levels of service through buildout of the Westside area.  Constructing these 

intersection improvements as part of the indicated stages will result in the Intersection Capacity 

Utilization (ICU) values shown in Table 5 and the corresponding Levels of Service (LOS) shown in Table 

6 for the AM peak hour and in Table 7 for the PM peak hour.  Detailed ICU worksheets are provided in 

Appendix B. 

 

In all cases, levels of service are maintained at LOS D or better up to and including buildout of 

the Westside area with the roadways constructed during Stage 6.  Stage 7 will then complete the Westside 

roadway network (the County Highway Plan) by constructing the 3rd Santa Clara River crossing to 

complete the final segment of Valencia Boulevard (Potrero Canyon Road) between SR-126 and Potrero 

Village. 

text continued on Page 37 

                                                      
1 Year 2030 with Stage 7 Roadways (buildout conditions) was evaluated as part of the Newhall Ranch 
Specific Plan EIR and is not included as part of this phasing analysis. 
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Table 4:  Intersection Improvements by Stage 

Stage Intersection Improvements 

1 7. I-5 SB Ramps & SR-126 Add 4th WBT 

 9. The Old Road & I-5 SB Ramps (at 
Rye Canyon Road) 

Relocate intersection north of the existing location. Provide 1 
NBL (U-Turns only), 2 NBT, 1 shared NBT/NBR, 1 NBR, 2 
SBL, 3 SBT, 2 WBL, and 1 WBR 

 10. I-5 SB Ramps & Magic Mountain 
Pkwy 

Add 2nd SBR, 3rd EBT, 2nd EBR, 2nd WBL, and 4th WBT (part of 
the Magic Mountain Interchange Phase 2 project) 

 11. I-5 NB Ramps & Magic Mountain 
Pkwy 

Add shared NBL/NBR, 2nd EBL, 3rd EBT and convert 4th WBT 
to shared WBT/WBR (part of the Magic Mountain Interchange 
Phase 2 project) 

 25. The Old Road & Rye Canyon Road Add 2nd & 3rd NBT, 2nd SBL, and 3rd SBT. Restripe 1st WBR to 
a shared WBL/WBR. 

 26. The Old Road & Magic Mountain 
Pkwy 

Add 2nd NBL, 3rd NBT, 1st NBR, 2nd SBL, shared SBT/SBR, 1st 
SBR, 2nd EBL, 3rd & 4th EBT, 2nd WBL, and 4th WBT 

 28. The Old Road & McBean Pkwy Signal modification to add a northbound right-turn overlap 
phase. 

 80. Wolcott Way & SR-126 Add 1st NBL, 1st & 2nd NBR, 2nd SBL, 3rd EBT, 1st EBR, 2nd 
WBL, and 3rd WBT 

 81. Commerce Center Drive & Henry 
Mayo Drive 

Add 1st EBL, 1st & 2nd EBT, and 1st WBT (part of SR-126 grade 
separation project) 

 82/83. Commerce Center Drive &  
SR-126  

Construct grade separation for Commerce Center Drive at SR-
126 to include direct on- and off-ramps for WB SR-126, a loop 
on-ramp for SB Commerce Center Drive to EB SR-126, a direct 
on-ramp for NB Commerce Center Drive to EB SR-126, and a 
direct off-ramp for EB SR-126 to Commerce Center Drive 

 106. Commerce Center Drive & Magic 
Mountain Pkwy 

Construct new intersection. Provide 2 SBL, 1 SBR, 2 EBL, 3 
EBT, 3 WBT, and 1 WBR with right-of-way reserved for future 
conversion to a free-flow right-turn lane (part of the project to 
extend Magic Mountain Parkway to west of Commerce Center 
Drive) 

 107. Westridge Pkwy & Magic 
Mountain Pkwy 

Construct new intersection. Provide 1 NBL, 1 shared 
NBL/NBR, 1 NBR, 3 EBT, 1 EBR, 2 WBL, and 3 WBT (part of 
the project to extend Westridge Parkway to Magic Mountain 
Parkway) 

 110. Chiquito Canyon Road/Long 
Canyon Road & SR-126 

Add 1st NBL, 1st & 2nd NBT, 1st & 2nd NBR, 2nd SBL, convert 
SBR to 1st SBT, add 2nd SBT, 1st EBR, and 1st & 2nd WBL (part 
of the project to construct Long Canyon Road south of SR-126) 

 118. Six Flags Entrance & Magic 
Mountain Pkwy 

Add 1st SBR, 1st & 2nd EBL, 2nd, 3rd & 4th EBT, and 2nd, 3rd & 4th 
WBT (part of the project to extend Magic Mountain Parkway to 
west of Commerce Center Drive) 

 
(Continued) 
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Table 4:  Intersection Improvements by Stage (Continued) 

Stage Intersection Improvements 

2 28. The Old Road & McBean Pkwy Restripe southbound approach to add a 2nd SBL, signal 
modification to provide right-turn overlap phasing for NBR 

 81. Commerce Center Drive & Henry 
Mayo Drive 

Add 1st NBL, 1st, 2nd & 3rd NBT, 2nd SBL, 1st, 2nd & 3rd SBT, 1st 
EBR, 1st WBL, (part of the project to extend Commerce Center 
Drive south over the Santa Clara River) 

 104. Poe Pkwy & Valencia Blvd Construct new intersection. Provide 1 NBL, 1 NBR, 2 EBT, 1 
EBR, 1 WBL, and 2 WBT (part of the project to extend Poe 
Parkway to Valencia Boulevard) 

3 101. Long Canyon Road & Valencia 
Blvd 

Construct new intersection. Provide 2 SBL and 1 free-flow 
WBR (part of the project to construct Valencia Boulevard 
between Long Canyon Road & Magic Mountain Parkway) 

 102. Magic Mountain Pkwy & 
Valencia Blvd (Newhall Ranch) 

Construct new intersection. Provide 1 free-flow SBR, and 2 
EBL (part of the project to construct Valencia Boulevard 
between Long Canyon Road & Magic Mountain Parkway) 

4 25. The Old Road & Rye Canyon Road Add 2nd & 3rd WBL 

 101. Long Canyon Road & Valencia 
Blvd 

Add 1st NBT, 1st NBR, 1st SBT, and 1st WBL 

 102. Magic Mountain Pkwy & 
Valencia Blvd (Newhall Ranch) 

Add 1st & 2nd NBL, 1st & 2nd NBT, 1st NBR, 1st & 2nd SBL, 1st & 
2nd SBT, 1st & 2nd EBT, 1st EBR, 1st WBL, 1st & 2nd WBT, 1st 
WBR (part of the project to extend Valencia Boulevard west to 
Magic Mountain Parkway) 

5 12. I-5 SB Ramps & Valencia Blvd Convert 2nd WBR to a shared WBT/WBR 

 28. The Old Road & McBean Pkwy Add 1st WBR 

 96. San Martinez Grande Canyon Road 
& SR-126 

Add 1st SBL, and 1st WBR  

 101. Long Canyon Road & Valencia 
Blvd 

Add 1st NBL, 1st SBR, 1st & 2nd EBL, 1st, 2nd & 3rd EBT, and 1st 
& 2nd WBT (part of the project to extend Valencia Boulevard 
west of Long Canyon Road) 

 103. Pico Canyon Road & Valencia 
Blvd 

Construct new intersection. Provide 2 NBL, 1 NBR, 2 EBT, 1 
EBR, 1 WBL, and 2 WBT (part of the project to extend Pico 
Canyon Road to Valencia Boulevard) 

 106. Commerce Center Drive & Magic 
Mountain Pkwy 

Convert WBR to a free-flow right-turn lane 

 110. Chiquito Canyon Road/Long 
Canyon Road & SR-126 

Add 2nd NBL, 3rd SBT, 1st SBR, 2nd EBL, 3rd & 4th EBT, and 3rd 
WBT 

 
(Continued) 
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Table 4:  Intersection Improvements by Stage (Continued) 

Stage Intersection Improvements 

6a 14. I-5 SB Ramps & McBean Pkwy Add 2nd SBL 

 17. I-5 NB Ramps & Lyons Ave Add 1st free-flow WBR 

6b 10. I-5 SB Ramps & Magic Mountain 
Pkwy 

Convert 1st SBR to a shared SBL/SBR 

 16. I-5 SB Loop Ramp & Pico Canyon 
Road 

Restripe eastbound approach to add a 3rd EBT. 

 18. I-5 SB Ramps & Calgrove Blvd Add 2nd EBT and 2nd WBT 

 19. I-5 NB Ramps & Calgrove Blvd Add 2nd EBT and 2nd WBT 

 26. The Old Road & Magic Mountain 
Pkwy 

Add 5th EBT 

 29. The Old Road & Pico Canyon Road Convert SBR to 2nd SBT 

 80. Wolcott & SR-126 Add 4th EBT, 4th WBT, and right-turn overlap signal phasing for 
NBR 

 96. San Martinez Grande Canyon Road 
& SR-126 

Add 1st NBL, 1st NBT, 2nd SBL, 1st SBR, 1st EBR, and 1st WBL 

 
NB = Northbound NBL = NB Left-turn Lane NBT = NB Through Lane NBR = NB Right-turn Lane 
SB = Southbound  SBL = SB Left-turn Lane SBT = SB Through Lane SBR = SB Right-turn Lane 
EB = Eastbound  EBL = EB Left-turn Lane EBT = EB Through Lane EBR = EB Right-turn Lane 
WB = Westbound  WBL = WB Left-turn Lane WBT = WB Through Lane WBR = WB Right-turn Lane 
 
See Figure B-1 for intersection locations. 
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Table 5:  Intersection Capacity Utilization Summary 

 Exist. 2011 2012 2014 2018 2022 2025 2030 
Intersection AM PM AM PM AM PM AM PM AM PM AM PM AM PM AM PM 
7. I-5 SB Ramps & SR-126 .42 .31 .79 .59 .77 .65 .77 .67 .75 .64 .73 .66 .74 .70 .77 .75 
8. I-5 NB Ramps & SR-126 .37 .29 .64 .60 .61 .62 .62 .64 .60 .61 .58 .64 .63 .69 .69 .77 
9. Old Road & I-5 SB Ramps (at Rye Canyon) .73 .92 .52 .62 .43 .53 .43 .54 .47 .65 .49 .68 .54 .74 .60 .82 
10. I-5 SB Ramps & Magic Mountain .58 .59 .55 .68 .58 .66 .59 .68 .60 .81 .63 .84 .68 .86 .64 .77 
11. I-5 NB Ramps & Magic Mountain .63 .70 .51 .66 .53 .66 .56 .69 .65 .79 .69 .82 .72 .84 .75 .87 
12. I-5 SB Ramps & Valencia .47 .42 .56 .66 .54 .65 .54 .72 .64 .86 .58 .78 .59 .83 .60 .86 
13. I-5 NB Ramps & Valencia .53 .51 .57 .65 .56 .64 .58 .66 .64 .67 .69 .69 .70 .71 .73 .73 
14. I-5 SB Ramps & McBean .56 .66 .55 .71 .52 .70 .53 .71 .57 .80 .60 .85 .52 .80 .52 .81 
15. I-5 NB Ramps & McBean .41 .66 .53 .71 .54 .69 .54 .70 .56 .72 .58 .76 .61 .81 .63 .85 
16. I-5 SB On-Loop & Lyons .55 .60 .56 .76 .57 .72 .57 .71 .57 .76 .58 .81 .60 .87 .58 .85 
17. I-5 NB Ramps & Lyons .53 .68 .50 .75 .45 .76 .44 .77 .48 .87 .49 .89 .51 .86 .53 .89 
18. I-5 SB Ramps & Calgrove .49 .64 .68 .66 .66 .70 .66 .70 .70 .74 .74 .82 .77 .89 .60 .68 
19. I-5 NB Ramps & Calgrove .64 .52 .79 .51 .78 .51 .78 .52 .82 .56 .85 .64 .88 .71 .67 .67 
20. I-5 SB Ramp & Lyons .44 .46 .41 .59 .40 .57 .40 .57 .46 .60 .50 .62 .51 .66 .53 .70 
25. Old Road & Rye Canyon .87 .84 .70 .80 .71 .72 .75 .74 .85 .66 .83 .73 .85 .78 .94 .85 
26. Old Road & Magic Mountain .49 .63 .55 .61 .51 .59 .58 .67 .68 .71 .73 .80 .78 .85 .85 .85 
27. Old Road & Valencia .54 .61 .52 .59 .58 .60 .60 .66 .66 .71 .75 .85 .76 .87 .79 .90 
28. Old Road & McBean .48 .72 .59 .89 .56 .84 .55 .86 .57 .77 .58 .77 .57 .77 .55 .82 
29. Old Road & Pico .55 .62 .83 .74 .84 .74 .87 .75 .79 .73 .80 .81 .82 .88 .84 .89 
80. Wolcott & SR-126 .34 .46 .54 .77 .54 .80 .55 .79 .56 .74 .66 .77 .77 .86 .76 .79 
81. Commerce Center & Henry Mayo -- -- .22 .37 .37 .36 .44 .42 .50 .47 .65 .54 .75 .61 .78 .72 
82. Commerce Center & SR-126 EB Ramps -- -- .13 .18 .32 .26 .38 .34 .37 .39 .42 .41 .45 .43 .47 .46 
83. Commerce Center & SR-126 WB Ramps -- -- .54 .41 .67 .55 .74 .62 .78 .69 .80 .72 .81 .78 .80 .87 
96. Martinez/Potrero & SR-126 .33 .46 .37 .45 .38 .46 .38 .46 .41 .50 .44 .52 .56 .64 .70 .72 
101. Long Canyon & Valencia -- -- -- -- -- -- .10 .10 .12 .20 .31 .41 .47 .65 .50 .81 
102. Newhall Ranch & Valencia -- -- -- -- -- -- .10 .10 .24 .21 .36 .40 .43 .51 .68 .71 
103. Pico Canyon & Valencia -- -- -- -- -- -- -- -- .26 .29 .53 .59 .63 .74 .66 .80 
104. Poe & Valencia -- -- -- -- .23 .19 .24 .19 .38 .33 .57 .52 .64 .59 .68 .63 
105. Westridge & Valencia .48 .20 .31 .17 .40 .22 .45 .31 .46 .40 .54 .54 .56 .58 .56 .64 
106. Commerce Center & Magic Mountain -- -- .19 .24 .69 .33 .84 .47 .78 .56 .59 .67 .67 .72 .74 .74 
107. Westridge & Magic Mountain -- -- .21 .26 .40 .32 .48 .44 .56 .53 .63 .63 .66 .67 .67 .67 
110. Chiquito Canyon & SR-126 .38 .44 .56 .58 .58 .58 .58 .58 .59 .59 .69 .63 .87 .90 n/a1 n/a1 

118. Six Flags Entrance & Magic Mountain -- -- .25 .47 .29 .46 .32 .50 .39 .59 .44 .65 .44 .67 .45 .74 
1not applicable – This scenario has been evaluated using the Highway Capacity Manual Signalized Intersection methodology (see worksheets in Appx. B) 
See Figure B-1 for intersection locations. 
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Table 6:  AM Peak Hour Level of Service Summary 

Intersection Exist. 2011 2012 2014 2018 2022 2025 2030 
7. I-5 SB Ramps & SR-126 A C C C C C C C 
8. I-5 NB Ramps & SR-126 A B B B A A B B 
9. Old Road & I-5 SB Ramps (at Rye Canyon) C A A A A A A A 
10. I-5 SB Ramps & Magic Mountain A A A A A B B B 
11. I-5 NB Ramps & Magic Mountain B A A A B B C C 
12. I-5 SB Ramps & Valencia A A A A B A A A 
13. I-5 NB Ramps & Valencia A A A A B B B C 
14. I-5 SB Ramps & McBean A A A A A A A A 
15. I-5 NB Ramps & McBean A A A A A A B B 
16. I-5 SB On-Loop & Lyons A A A A A A A A 
17. I-5 NB Ramps & Lyons A A A A A A A A 
18. I-5 SB Ramps & Calgrove A B B B B C C A 
19. I-5 NB Ramps & Calgrove B C C C D D D B 
20. I-5 SB Ramp & Lyons A A A A A A A A 
25. Old Road & Rye Canyon D B C C D D D D 
26. Old Road & Magic Mountain A A A A B C C D 
27. Old Road & Valencia A A A A B C C C 
28. Old Road & McBean A A A A A A A A 
29. Old Road & Pico A D D D C C D D 
80. Wolcott & SR-126 A A A A A B C C 
81. Commerce Center & Henry Mayo -- A A A A B C C 
82. Commerce Center & SR-126 EB Ramps -- A A A A A A A 
83. Commerce Center & SR-126 WB Ramps -- A B C C C D C 
96. Martinez/Potrero & SR-126 A A A A A A A B 
101. Long Canyon & Valencia -- -- -- A A A A A 
102. Newhall Ranch & Valencia -- -- -- A A A A B 
103. Pico Canyon & Valencia -- -- -- -- A A B B 
104. Poe & Valencia -- -- A A A A B B 
105. Westridge & Valencia A A A A A A A A 
106. Commerce Center & Magic Mountain -- A B D C A B C 
107. Westridge & Magic Mountain -- A A A A B B B 
110. Chiquito Canyon & SR-126 A A A A A B D D 
118. Six Flags Entrance & Magic Mountain -- A A A A A A A 
 
See Figure B-1 for intersection locations. 
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Table 7:  PM Peak Hour Level of Service Summary 

Intersection Exist. 2011 2012 2014 2018 2022 2025 2030 
7. I-5 SB Ramps & SR-126 A A B B B B B C 
8. I-5 NB Ramps & SR-126 A A B B B B B C 
9. Old Road & I-5 SB Ramps (at Rye Canyon) E B A A B B C D 
10. I-5 SB Ramps & Magic Mountain A B B B D D D C 
11. I-5 NB Ramps & Magic Mountain B B B B C D D D 
12. I-5 SB Ramps & Valencia A B B C D C D D 
13. I-5 NB Ramps & Valencia A B B B B B C C 
14. I-5 SB Ramps & McBean B C B C C D C D 
15. I-5 NB Ramps & McBean B C B B C C D D 
16. I-5 SB On-Loop & Lyons A C C C C D D D 
17. I-5 NB Ramps & Lyons B C C C D D D D 
18. I-5 SB Ramps & Calgrove B B B B C D D B 
19. I-5 NB Ramps & Calgrove A A A A A B C B 
20. I-5 SB Ramp & Lyons A A A A A B B B 
25. Old Road & Rye Canyon D C C C B C C D 
26. Old Road & Magic Mountain B B A B C C D D 
27. Old Road & Valencia B A A B C D D D 
28. Old Road & McBean C D D D C C C D 
29. Old Road & Pico B C C C C D D D 
80. Wolcott & SR-126 A C C C C C D C 
81. Commerce Center & Henry Mayo -- A A A A A B C 
82. Commerce Center & SR-126 EB Ramps -- A A A A A A A 
83. Commerce Center & SR-126 WB Ramps -- A A B B C C D 
96. Martinez/Potrero & SR-126 A A A A A A B C 
101. Long Canyon & Valencia -- -- -- A A A B D 
102. Newhall Ranch & Valencia -- -- -- A A A A C 
103. Pico Canyon & Valencia -- -- -- -- A A C C 
104. Poe & Valencia -- -- A A A A A B 
105. Westridge & Valencia A A A A A A A B 
106. Commerce Center & Magic Mountain -- A A A A B C C 
107. Westridge & Magic Mountain -- A A A A B B B 
110. Chiquito Canyon & SR-126 A A A A A B D D 
118. Six Flags Entrance & Magic Mountain -- A A A A B B C 
 
See Figure B-1 for intersection locations. 
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6.0 NON-WESTSIDE AREAS 

The original Newhall Ranch Specific Plan EIR addressed areas not covered in this analysis, such 

as the Ventura County communities of Fillmore and Piru, roadways within the City of Santa Clarita, and 

the State highway system (see Appendix D for the list of Newhall Ranch Specific Plan final mitigation 

measures). 

 

Analysis for the Ventura County communities that satisfies the Specific Plan Conditions of 

Approval has been completed separate from this report, and an analysis of City of Santa Clarita roadways 

and intersections based on the traffic forecasts summarized in this report has been prepared as part of a 

separate document for City staff to review.  

 

Caltrans is currently in the process of developing a comprehensive improvement program for the 

I-5 freeway through the Santa Clarita Valley.  The project, which is in the Project 

Approval/Environmental Documentation (PA/ED) stage, will add a High Occupancy Vehicle (HOV) lane 

in each direction between SR-14 and the Parker Road interchange.  The project will also add a truck lane 

in each direction between SR-14 and the Pico/Lyons Canyon Road interchange.  It is also proposed that 

an early implementation project be constructed before construction begins for the full project.  The early 

implementation project consists of the northbound HOV lane from SR-14 to the crest of the segment 

between SR-14 and the Calgrove interchange, as well as the southbound truck lane from the Pico/Lyons 

Canyon Road interchange to SR-14. 

 

South of the SR-14 interchange, a single HOV lane in each direction is currently under 

construction.  Direct HOV to HOV connectors between the existing SR-14 HOV lanes and the I-5 HOV 

lanes under construction are currently in the design stage.  Ultimately, the MTA has identified the need to 

construct additional lanes south of the SR-14 interchange to accommodate the projected future traffic 

volumes.  In the North County Combined Highway Corridors Study – Final Report (MTA, June 2004), 

multiple concepts to add additional capacity between SR-14 and I-210 are identified, with a 

recommended configuration pending the completion of subsequent design phases. 

 

Following is the timing of the planned I-5 freeway improvements based on the anticipated 

construction schedule for the project currently in the PA/ED stage.  As the project to add additional 
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capacity south of SR-14 does not have an identified time frame for construction, for the purpose of this 

analysis it is not presumed to be constructed until the year 2030. 

 

• Northbound HOV Lane:  SR-14 to crest of grade (south of Calgrove interchange) – 2010 

• Southbound Truck Lane:  Pico/Lyons Canyon interchange to SR-14 – 2010 

• Complete HOV/Truck Lane project:  SR-14 to Parker interchange – between 2015 & 2018 

• Additional Lane(s) project:  South of SR-14 – 2030 

 

 

Table 8 summarizes the I-5 peak hour mainline freeway LOS values for each of the Westside 

phasing scenarios identified in the previous section.  As with the arterial roadway forecasts presented in 

the previous sections, each of these scenarios includes cumulative development projections for outside the 

Westside area.    Traffic volume forecasts for each of the scenarios, together with the I-5 improvements 

listed above, result in the indicated LOS values.  Detailed V/C calculations are provided in Appendix C. 

 

7.0 CONCLUSIONS 

The construction stages outlined in this report will provide for the access needs of the Westside 

area by ensuring that the necessary roadway infrastructure is developed together with the phased land use 

development.  Furthermore, the freeway improvements planned for I-5 through the Santa Clarita Valley 

will accommodate the projected traffic demands as the Valley builds out over the next 25 years.  

 

A comprehensive plan such as this provides for some flexibility in regards to individual planning 

areas that proceed faster or slower than anticipated here.  The roadway phasing plan will remain valid if 

the total number of units remains in line with the overall pattern assumed in this analysis, and if the 

placement of the development is relatively consistent with the projected plan.  An update to this phasing 

study, such as every five years or given a substantial change to anticipated development, would provide a 

means to adjust the overall phasing plan as actual travel patterns evolve over time. 
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Table 8:  I-5 Level of Service Summary 

AM SOUTHBOUND 2006 2011 2012 2014 2018 2022 2025 2030  AM NORTHBOUND 2006 2011 2012 2014 2018 2022 2025 2030 

403. I-5 s/o Parker A C C C C C C C  403. I-5 s/o Parker A B B B B B B B 

404. I-5 s/o Hasley B C C C C C C C  404. I-5 s/o Hasley A C C C C C C C 

405. I-5 s/o SR-126 B C C C C C C C  405. I-5 s/o SR-126 B C C C C C C C 

406. I-5 s/o Rye Cyn B C C C C C C D  406. I-5 s/o Rye Cyn B C C C C C C C 

407. I-5 s/o Magic Mtn C C C C C C C D  407. I-5 s/o Magic Mtn C D D D C C D D 

408. I-5 s/o Valencia C C C C C D D D  408. I-5 s/o Valencia C D D D D D D D 

409. I-5 s/o McBean C C C C C D D D  409. I-5 s/o McBean C D D D D D D D 

410. I-5 s/o Lyons D C C C C C C C  410. I-5 s/o Lyons C D D D C C D D 

411. I-5 s/o Calgrove D C C C C C C C  411. I-5 s/o Calgrove C C C C C C C C 

412. I-5 s/o SR-14 E D D E E E E E  412. I-5 s/o SR-14 B B B B B C C C 

                   

PM SOUTHBOUND 2006 2011 2012 2014 2018 2022 2025 2030  PM NORTHBOUND 2006 2011 2012 2014 2018 2022 2025 2030 

403. I-5 s/o Parker A C C C C C C D  403. I-5 s/o Parker B D D D D D D D 

404. I-5 s/o Hasley B D D D C D D D  404. I-5 s/o Hasley B D D D D D D D 

405. I-5 s/o SR-126 B D D D D D D D  405. I-5 s/o SR-126 B C C C C C D D 

406. I-5 s/o Rye Cyn C E E E E E E E  406. I-5 s/o Rye Cyn B C C C C C D D 

407. I-5 s/o Magic Mtn C E E E E E E E  407. I-5 s/o Magic Mtn C D D D C D D D 

408. I-5 s/o Valencia D E E E E E E E  408. I-5 s/o Valencia D D D D D D D D 

409. I-5 s/o McBean D E E E E E E E  409. I-5 s/o McBean D D D D D D D D 

410. I-5 s/o Lyons D D D D C C C C  410. I-5 s/o Lyons D E E E D D D D 

411. I-5 s/o Calgrove D D D D C C C C  411. I-5 s/o Calgrove E D D D D D D D 

412. I-5 s/o SR-14 C C C C C C C C  412. I-5 s/o SR-14 E E E E E E E E 

                   
 
Level of Service (LOS) estimated based on the following range of V/C ratios (source: Highway Capacity Manual 2000): 
 
 LOS V/C 
 A 0.00 – 0.34 
 B 0.35 – 0.56 
 C 0.57 – 0.76 
 D 0.77 -  0.90 
 E 0.91 – 1.00 
 F above 1.00 
 
See Appendix C for V/C calculations. 
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APPENDIX A 

LAND USE AND TRIP GENERATION BY PLANNING AREA 

 

a. Traffic Analysis Zone (TAZ) Map 
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APPENDIX A (Cont.) 

LAND USE AND TRIP GENERATION BY PLANNING AREA 

 

b. Year 2011 
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                                      LANDMARK VILLAGE (2011) ZONAL LAND USE AND TRIP GENERATION 
 
                                                                    -- AM Peak Hour --     -- PM Peak Hour -- 
            Zone       Land Use Type                    Units        In    Out   Total      In    Out   Total       ADT 
          --------------------------------------------------------------------------------------------------------------- 
            102     3.  Single Family (6-10du/ac)     38.00 DU         7     21     28       24     14     38       376 
                    4.  Condominium/Townhouse        305.00 DU        31    146    177      143     79    222      2440 
                    5.  Apartment                    155.00 DU        12     67     79       64     33     97      1070 
                   12.  Commercial Center (<10ac)     10.50 TSF       11      7     18       35     38     73       893 
                   40.  Commercial Office              9.50 TSF       15      2     17        2     12     14       110 
                       SUB-TOTAL                                      76    243    319      268    176    444      4889 
 
            103     3.  Single Family (6-10du/ac)     95.00 DU        18     53     71       61     35     96       940 
                    4.  Condominium/Townhouse        169.00 DU        17     81     98       79     44    123      1352 
                   12.  Commercial Center (<10ac)     38.50 TSF       42     27     69      128    139    267      3275 
                   13.  Commercial Shops               9.50 TSF        7      5     12       17     17     34       352 
                   20.  Elementary/Middle School     750.00 STU      195    150    345       60     68    128      1088 
                   51.  Developed Park                16.10 AC         0      0      0        0      1      1        42 
                       SUB-TOTAL                                     279    316    595      345    304    649      7049 
 
            104     3.  Single Family (6-10du/ac)    175.00 DU        33     98    131      112     65    177      1732 
                    4.  Condominium/Townhouse        211.00 DU        21    101    122       99     55    154      1688 
                    5.  Apartment                    152.00 DU        12     65     77       62     32     94      1049 
                   11.  Commercial Center(10-30a)    252.00 TSF      184    118    302      600    650   1250     13623 
                   40.  Commercial Office            370.00 TSF      574     70    644       78    477    555      4277 
                       SUB-TOTAL                                     824    452   1276      951   1279   2230     22369 
 
            105     5.  Apartment                    144.00 DU        12     62     74       59     30     89       994 
                   12.  Commercial Center (<10ac)     27.10 TSF       30     19     49       90     98    188      2305 
                   40.  Commercial Office            315.90 TSF      490     60    550       66    408    474      3652 
                       SUB-TOTAL                                     532    141    673      215    536    751      6951 
 
 
                                  LANDMARK VILLAGE (2011) LAND USE AND TRIP GENERATION SUMMARY 
 
                                                                    -- AM Peak Hour --     -- PM Peak Hour -- 
                Land Use Type                           Units        In    Out   Total      In    Out   Total      ADT 
          --------------------------------------------------------------------------------------------------------------- 
             3.  Single Family (6-10du/ac)           308.00 DU        58    172    230      197    114    311      3048 
             4.  Condominium/Townhouse               685.00 DU        69    328    397      321    178    499      5480 
             5.  Apartment                           451.00 DU        36    194    230      185     95    280      3113 
            11.  Commercial Center(10-30a)           252.00 TSF      184    118    302      600    650   1250     13623 
            12.  Commercial Center (<10ac)            76.10 TSF       83     53    136      253    275    528      6473 
            13.  Commercial Shops                      9.50 TSF        7      5     12       17     17     34       352 
            20.  Elementary/Middle School            750.00 STU      195    150    345       60     68    128      1088 
            40.  Commercial Office                   695.40 TSF     1079    132   1211      146    897   1043      8039 
            51.  Developed Park                       16.10 AC         0      0      0        0      1      1        42 
 
                TOTAL                                               1711   1152   2863     1779   2295   4074     41258 
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                                       MISSION VILLAGE (2011) ZONAL LAND USE AND TRIP GENERATION 
 
 
                                                                    -- AM Peak Hour --     -- PM Peak Hour -- 
            Zone       Land Use Type                    Units        In    Out   Total      In    Out   Total       ADT 
          --------------------------------------------------------------------------------------------------------------- 
            120     4.  Condominium/Townhouse        531.00 DU        53    255    308      250    138    388      4248 
                   11.  Commercial Center(10-30a)    200.00 TSF      146     94    240      476    516    992     10812 
                   13.  Commercial Shops              16.00 TSF       12      8     20       29     29     58       593 
                   20.  Elementary/Middle School     400.00 STU      104     80    184       32     36     68       580 
                   40.  Commercial Office             75.00 TSF      116     14    130       16     97    113       867 
                   51.  Developed Park                 8.40 AC         0      0      0        0      0      0        22 
                       SUB-TOTAL                                     431    451    882      803    816   1619     17122 
 
 
 
                                   MISSION VILLAGE (2011) LAND USE AND TRIP GENERATION SUMMARY 
 
 
                                                                    -- AM Peak Hour --     -- PM Peak Hour -- 
                Land Use Type                           Units        In    Out   Total      In    Out   Total      ADT 
          --------------------------------------------------------------------------------------------------------------- 
             4.  Condominium/Townhouse               531.00 DU        53    255    308      250    138    388      4248 
            11.  Commercial Center(10-30a)           200.00 TSF      146     94    240      476    516    992     10812 
            13.  Commercial Shops                     16.00 TSF       12      8     20       29     29     58       593 
            20.  Elementary/Middle School            400.00 STU      104     80    184       32     36     68       580 
            40.  Commercial Office                    75.00 TSF      116     14    130       16     97    113       867 
            51.  Developed Park                        8.40 AC         0      0      0        0      0      0        22 
 
                TOTAL                                                431    451    882      803    816   1619     17122 
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                                      HOMESTEAD S/O RIVER (2011) ZONAL LAND USE AND TRIP GENERATION 
 
 
                                                                    -- AM Peak Hour --     -- PM Peak Hour -- 
            Zone       Land Use Type                    Units        In    Out   Total      In    Out   Total       ADT 
          --------------------------------------------------------------------------------------------------------------- 
            108     4.  Condominium/Townhouse        112.00 DU        11     54     65       53     29     82       896 
                   51.  Developed Park                 8.70 AC         0      0      0        0      0      0        23 
                       SUB-TOTAL                                      11     54     65       53     29     82       919 
 
 
                                 HOMESTEAD S/O RIVER (2011) LAND USE AND TRIP GENERATION SUMMARY 
 
 
                                                                    -- AM Peak Hour --     -- PM Peak Hour -- 
                Land Use Type                           Units        In    Out   Total      In    Out   Total      ADT 
          --------------------------------------------------------------------------------------------------------------- 
             4.  Condominium/Townhouse               112.00 DU        11     54     65       53     29     82       896 
            51.  Developed Park                        8.70 AC         0      0      0        0      0      0        23 
 
                TOTAL                                                 11     54     65       53     29     82       919 
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                                           ENTRADA (2011) ZONAL LAND USE AND TRIP GENERATION 
 
 
                                                                    -- AM Peak Hour --     -- PM Peak Hour -- 
            Zone       Land Use Type                    Units        In    Out   Total      In    Out   Total       ADT 
          --------------------------------------------------------------------------------------------------------------- 
             90    30.  Industrial Park               63.88 TSF       35      6     41        8     33     41       383 
                   11.  Commercial Center(10-30a)    135.00 TSF       99     63    162      321    348    669      7298 
                       SUB-TOTAL                                     134     69    203      329    381    710      7681 
 
             92    40.  Commercial Office            200.00 TSF      310     38    348       42    258    300      2312 
                       SUB-TOTAL                                     310     38    348       42    258    300      2312 
 
            140     3.  Single Family (6-10du/ac)    150.00 DU        29     84    113       96     56    152      1485 
                   12.  Commercial Center (<10ac)     28.48 TSF       31     20     51       95    103    198      2422 
                       SUB-TOTAL                                      60    104    164      191    159    350      3907 
 
 
                                       ENTRADA (2011) LAND USE AND TRIP GENERATION SUMMARY 
 
 
                                                                    -- AM Peak Hour --     -- PM Peak Hour -- 
                Land Use Type                           Units        In    Out   Total      In    Out   Total      ADT 
          --------------------------------------------------------------------------------------------------------------- 
             3.  Single Family (6-10du/ac)           150.00 DU        29     84    113       96     56    152      1485 
            11.  Commercial Center(10-30a)           135.00 TSF       99     63    162      321    348    669      7298 
            12.  Commercial Center (<10ac)            28.48 TSF       31     20     51       95    103    198      2422 
            30.  Industrial Park                      63.88 TSF       35      6     41        8     33     41       383 
            40.  Commercial Office                   200.00 TSF      310     38    348       42    258    300      2312 
 
                TOTAL                                                504    211    715      562    798   1360     13900 
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                                        COMMERCE CENTER (2011) ZONAL LAND USE AND TRIP GENERATION 
 
 
                                                                    -- AM Peak Hour --     -- PM Peak Hour -- 
            Zone       Land Use Type                    Units        In    Out   Total      In    Out   Total       ADT 
          --------------------------------------------------------------------------------------------------------------- 
             41    30.  Industrial Park              730.00 TSF      402     73    475       95    380    475      4380 
                       SUB-TOTAL                                     402     73    475       95    380    475      4380 
 
             42    30.  Industrial Park              275.00 TSF      151     28    179       36    143    179      1650 
                       SUB-TOTAL                                     151     28    179       36    143    179      1650 
 
             43    30.  Industrial Park              273.90 TSF      151     27    178       36    142    178      1643 
                       SUB-TOTAL                                     151     27    178       36    142    178      1643 
 
             45    30.  Industrial Park              660.20 TSF      363     66    429       86    343    429      3961 
                       SUB-TOTAL                                     363     66    429       86    343    429      3961 
 
             46    13.  Commercial Shops              77.00 TSF       55     37     92      139    139    278      2854 
                   30.  Industrial Park              445.80 TSF      245     45    290       58    232    290      2675 
                       SUB-TOTAL                                     300     82    382      197    371    568      5529 
 
             47    30.  Industrial Park             3254.10 TSF     1790    325   2115      423   1692   2115     19525 
                       SUB-TOTAL                                    1790    325   2115      423   1692   2115     19525 
 
             48    30.  Industrial Park              720.00 TSF      396     72    468       94    374    468      4320 
                       SUB-TOTAL                                     396     72    468       94    374    468      4320 
 
             49    30.  Industrial Park              764.30 TSF      420     76    496       99    397    496      4586 
                       SUB-TOTAL                                     420     76    496       99    397    496      4586 
 
             58    30.  Industrial Park             1051.50 TSF      578    105    683      137    547    684      6309 
                       SUB-TOTAL                                     578    105    683      137    547    684      6309 
 
             59    35.  Regional Post Office         764.00 TSF      153    115    268      115    115    230      3820 
                       SUB-TOTAL                                     153    115    268      115    115    230      3820 
 
             60    30.  Industrial Park              411.60 TSF      226     41    267       54    214    268      2470 
                       SUB-TOTAL                                     226     41    267       54    214    268      2470 
 
             61    30.  Industrial Park              744.90 TSF      410     74    484       97    387    484      4469 
                       SUB-TOTAL                                     410     74    484       97    387    484      4469 
 
             62    30.  Industrial Park              287.30 TSF      158     29    187       37    149    186      1724 
                       SUB-TOTAL                                     158     29    187       37    149    186      1724 
 



 

Westside Santa Clarita Valley A-9 Austin-Foust Associates, Inc. 
Roadway Phasing Analysis  105345rptAppxA.doc 

                                    COMMERCE CENTER (2011) LAND USE AND TRIP GENERATION SUMMARY 
 
 
                                                                    -- AM Peak Hour --     -- PM Peak Hour -- 
                Land Use Type                           Units        In    Out   Total      In    Out   Total      ADT 
          --------------------------------------------------------------------------------------------------------------- 
            13.  Commercial Shops                     77.00 TSF       55     37     92      139    139    278      2854 
            30.  Industrial Park                    9618.60 TSF     5290    961   6251     1252   5000   6252     57712 
            35.  Regional Post Office                764.00 TSF      153    115    268      115    115    230      3820 
 
                TOTAL                                               5498   1113   6611     1506   5254   6760     64386 
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                                         TOTAL (2011) LAND USE AND TRIP GENERATION SUMMARY 
 
 
                                                                    -- AM Peak Hour --     -- PM Peak Hour -- 
                Land Use Type                           Units        In    Out   Total      In    Out   Total      ADT 
          --------------------------------------------------------------------------------------------------------------- 
             3.  Single Family (6-10du/ac)           458.00 DU        87    256    343      293    170    463      4533 
             4.  Condominium/Townhouse              1328.00 DU       133    637    770      624    345    969     10624 
             5.  Apartment                           451.00 DU        36    194    230      185     95    280      3113 
            11.  Commercial Center(10-30a)           587.00 TSF      429    275    704     1397   1514   2911     31733 
            12.  Commercial Center (<10ac)           104.57 TSF      114     73    187      348    378    726      8895 
            13.  Commercial Shops                    102.50 TSF       74     50    124      185    185    370      3799 
            20.  Elementary/Middle School           1150.00 STU      299    230    529       92    104    196      1668 
            30.  Industrial Park                    9682.48 TSF     5325    967   6292     1260   5033   6293     58095 
            35.  Regional Post Office                764.00 TSF      153    115    268      115    115    230      3820 
            40.  Commercial Office                   970.40 TSF     1505    184   1689      204   1252   1456     11218 
 
            51.  Developed Park                       33.20 AC         0      0      0        0      1      1        87 
 
                TOTAL                                               8155   2981  11136     4703   9192  13895    137585 
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APPENDIX A (Cont.) 

LAND USE AND TRIP GENERATION BY PLANNING AREA 

 

c. Year 2012 
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                                       LANDMARK VILLAGE (2012) ZONAL LAND USE AND TRIP GENERATION 
 
                                                                    -- AM Peak Hour --     -- PM Peak Hour -- 
            Zone       Land Use Type                    Units        In    Out   Total      In    Out   Total       ADT 
          --------------------------------------------------------------------------------------------------------------- 
            102     3.  Single Family (6-10du/ac)     38.00 DU         7     21     28       24     14     38       376 
                    4.  Condominium/Townhouse        305.00 DU        31    146    177      143     79    222      2440 
                    5.  Apartment                    155.00 DU        12     67     79       64     33     97      1070 
                   12.  Commercial Center (<10ac)     10.50 TSF       11      7     18       35     38     73       893 
                   40.  Commercial Office              9.50 TSF       15      2     17        2     12     14       110 
                       SUB-TOTAL                                      76    243    319      268    176    444      4889 
 
            103     3.  Single Family (6-10du/ac)     95.00 DU        18     53     71       61     35     96       940 
                    4.  Condominium/Townhouse        169.00 DU        17     81     98       79     44    123      1352 
                   12.  Commercial Center (<10ac)     38.50 TSF       42     27     69      128    139    267      3275 
                   13.  Commercial Shops               9.50 TSF        7      5     12       17     17     34       352 
                   20.  Elementary/Middle School     750.00 STU      195    150    345       60     68    128      1088 
                   51.  Developed Park                16.10 AC         0      0      0        0      1      1        42 
                       SUB-TOTAL                                     279    316    595      345    304    649      7049 
 
            104     3.  Single Family (6-10du/ac)    175.00 DU        33     98    131      112     65    177      1732 
                    4.  Condominium/Townhouse        211.00 DU        21    101    122       99     55    154      1688 
                    5.  Apartment                    152.00 DU        12     65     77       62     32     94      1049 
                   11.  Commercial Center(10-30a)    252.00 TSF      184    118    302      600    650   1250     13623 
                   40.  Commercial Office            370.00 TSF      574     70    644       78    477    555      4277 
                       SUB-TOTAL                                     824    452   1276      951   1279   2230     22369 
 
            105     5.  Apartment                    144.00 DU        12     62     74       59     30     89       994 
                   12.  Commercial Center (<10ac)     27.10 TSF       30     19     49       90     98    188      2305 
                   40.  Commercial Office            315.90 TSF      490     60    550       66    408    474      3652 
                       SUB-TOTAL                                     532    141    673      215    536    751      6951 
 
 
                                  LANDMARK VILLAGE (2012) LAND USE AND TRIP GENERATION SUMMARY 
 
                                                                    -- AM Peak Hour --     -- PM Peak Hour -- 
                Land Use Type                           Units        In    Out   Total      In    Out   Total      ADT 
          --------------------------------------------------------------------------------------------------------------- 
             3.  Single Family (6-10du/ac)           308.00 DU        58    172    230      197    114    311      3048 
             4.  Condominium/Townhouse               685.00 DU        69    328    397      321    178    499      5480 
             5.  Apartment                           451.00 DU        36    194    230      185     95    280      3113 
            11.  Commercial Center(10-30a)           252.00 TSF      184    118    302      600    650   1250     13623 
            12.  Commercial Center (<10ac)            76.10 TSF       83     53    136      253    275    528      6473 
            13.  Commercial Shops                      9.50 TSF        7      5     12       17     17     34       352 
            20.  Elementary/Middle School            750.00 STU      195    150    345       60     68    128      1088 
            40.  Commercial Office                   695.40 TSF     1079    132   1211      146    897   1043      8039 
            51.  Developed Park                       16.10 AC         0      0      0        0      1      1        42 
 
                TOTAL                                               1711   1152   2863     1779   2295   4074     41258 
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                                        MISSION VILLAGE (2012) ZONAL LAND USE AND TRIP GENERATION 
 
 
                                                                    -- AM Peak Hour --     -- PM Peak Hour -- 
            Zone       Land Use Type                    Units        In    Out   Total      In    Out   Total       ADT 
          --------------------------------------------------------------------------------------------------------------- 
            120     4.  Condominium/Townhouse        932.00 DU        93    447    540      438    242    680      7456 
                   11.  Commercial Center(10-30a)    200.00 TSF      146     94    240      476    516    992     10812 
                   13.  Commercial Shops              16.00 TSF       12      8     20       29     29     58       593 
                   20.  Elementary/Middle School     600.00 STU      156    120    276       48     54    102       870 
                   40.  Commercial Office             75.00 TSF      116     14    130       16     97    113       867 
                   51.  Developed Park                 8.40 AC         0      0      0        0      0      0        22 
                       SUB-TOTAL                                     523    683   1206     1007    938   1945     20620 
 
 
                                   MISSION VILLAGE (2012) LAND USE AND TRIP GENERATION SUMMARY 
 
 
                                                                    -- AM Peak Hour --     -- PM Peak Hour -- 
                Land Use Type                           Units        In    Out   Total      In    Out   Total      ADT 
          --------------------------------------------------------------------------------------------------------------- 
             4.  Condominium/Townhouse               932.00 DU        93    447    540      438    242    680      7456 
            11.  Commercial Center(10-30a)           200.00 TSF      146     94    240      476    516    992     10812 
            13.  Commercial Shops                     16.00 TSF       12      8     20       29     29     58       593 
            20.  Elementary/Middle School            600.00 STU      156    120    276       48     54    102       870 
            40.  Commercial Office                    75.00 TSF      116     14    130       16     97    113       867 
            51.  Developed Park                        8.40 AC         0      0      0        0      0      0        22 
 
                TOTAL                                                523    683   1206     1007    938   1945     20620 
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                                      HOMESTEAD S/O RIVER (2012) ZONAL LAND USE AND TRIP GENERATION 
 
 
                                                                    -- AM Peak Hour --     -- PM Peak Hour -- 
            Zone       Land Use Type                    Units        In    Out   Total      In    Out   Total       ADT 
          --------------------------------------------------------------------------------------------------------------- 
            108     4.  Condominium/Townhouse        312.00 DU        31    150    181      147     81    228      2496 
                   51.  Developed Park                 8.70 AC         0      0      0        0      0      0        23 
                       SUB-TOTAL                                      31    150    181      147     81    228      2519 
 
 
                                 HOMESTEAD S/O RIVER (2012) LAND USE AND TRIP GENERATION SUMMARY 
 
 
                                                                    -- AM Peak Hour --     -- PM Peak Hour -- 
                Land Use Type                           Units        In    Out   Total      In    Out   Total      ADT 
          --------------------------------------------------------------------------------------------------------------- 
             4.  Condominium/Townhouse               312.00 DU        31    150    181      147     81    228      2496 
            51.  Developed Park                        8.70 AC         0      0      0        0      0      0        23 
 
                TOTAL                                                 31    150    181      147     81    228      2519 
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                                           ENTRADA (2012) ZONAL LAND USE AND TRIP GENERATION 
 
 
                                                                    -- AM Peak Hour --     -- PM Peak Hour -- 
            Zone       Land Use Type                    Units        In    Out   Total      In    Out   Total       ADT 
          --------------------------------------------------------------------------------------------------------------- 
             90    30.  Industrial Park               63.88 TSF       35      6     41        8     33     41       383 
                   11.  Commercial Center(10-30a)    135.00 TSF       99     63    162      321    348    669      7298 
                       SUB-TOTAL                                     134     69    203      329    381    710      7681 
 
             92    40.  Commercial Office            200.00 TSF      310     38    348       42    258    300      2312 
                       SUB-TOTAL                                     310     38    348       42    258    300      2312 
 
            140     3.  Single Family (6-10du/ac)    391.00 DU        74    219    293      250    145    395      3871 
                   12.  Commercial Center (<10ac)     28.48 TSF       31     20     51       95    103    198      2422 
                       SUB-TOTAL                                     105    239    344      345    248    593      6293 
 
 
                                       ENTRADA (2012) LAND USE AND TRIP GENERATION SUMMARY 
 
 
                                                                    -- AM Peak Hour --     -- PM Peak Hour -- 
                Land Use Type                           Units        In    Out   Total      In    Out   Total      ADT 
          --------------------------------------------------------------------------------------------------------------- 
             3.  Single Family (6-10du/ac)           391.00 DU        74    219    293      250    145    395      3871 
            11.  Commercial Center(10-30a)           135.00 TSF       99     63    162      321    348    669      7298 
            12.  Commercial Center (<10ac)            28.48 TSF       31     20     51       95    103    198      2422 
            30.  Industrial Park                      63.88 TSF       35      6     41        8     33     41       383 
            40.  Commercial Office                   200.00 TSF      310     38    348       42    258    300      2312 
 
                TOTAL                                                549    346    895      716    887   1603     16286 
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                                         LEGACY VILLAGE (2012) ZONAL LAND USE AND TRIP GENERATION 
 
 
                                                                    -- AM Peak Hour --     -- PM Peak Hour -- 
            Zone       Land Use Type                    Units        In    Out   Total      In    Out   Total       ADT 
          --------------------------------------------------------------------------------------------------------------- 
            126     4.  Condominium/Townhouse         97.00 DU        10     47     57       46     25     71       776 
                       SUB-TOTAL                                      10     47     57       46     25     71       776 
 
 
                                    LEGACY VILLAGE (2012) LAND USE AND TRIP GENERATION SUMMARY 
 
 
                                                                    -- AM Peak Hour --     -- PM Peak Hour -- 
                Land Use Type                           Units        In    Out   Total      In    Out   Total      ADT 
          --------------------------------------------------------------------------------------------------------------- 
             4.  Condominium/Townhouse                97.00 DU        10     47     57       46     25     71       776 
 
                TOTAL                                                 10     47     57       46     25     71       776 



 

Westside Santa Clarita Valley A-17 Austin-Foust Associates, Inc. 
Roadway Phasing Analysis  105345rptAppxA.doc 

                                        COMMERCE CENTER (2012) ZONAL LAND USE AND TRIP GENERATION 
 
 
                                                                    -- AM Peak Hour --     -- PM Peak Hour -- 
            Zone       Land Use Type                    Units        In    Out   Total      In    Out   Total       ADT 
          --------------------------------------------------------------------------------------------------------------- 
             41    30.  Industrial Park              730.00 TSF      402     73    475       95    380    475      4380 
                       SUB-TOTAL                                     402     73    475       95    380    475      4380 
 
             42    30.  Industrial Park              275.00 TSF      151     28    179       36    143    179      1650 
                       SUB-TOTAL                                     151     28    179       36    143    179      1650 
 
             43    30.  Industrial Park              273.90 TSF      151     27    178       36    142    178      1643 
                       SUB-TOTAL                                     151     27    178       36    142    178      1643 
 
             45    30.  Industrial Park              980.20 TSF      539     98    637      127    510    637      5881 
                       SUB-TOTAL                                     539     98    637      127    510    637      5881 
 
             46    13.  Commercial Shops              77.00 TSF       55     37     92      139    139    278      2854 
                   30.  Industrial Park              445.80 TSF      245     45    290       58    232    290      2675 
                       SUB-TOTAL                                     300     82    382      197    371    568      5529 
 
             47    30.  Industrial Park             3574.10 TSF     1966    357   2323      465   1859   2324     21445 
                       SUB-TOTAL                                    1966    357   2323      465   1859   2324     21445 
 
             48    30.  Industrial Park              720.00 TSF      396     72    468       94    374    468      4320 
                       SUB-TOTAL                                     396     72    468       94    374    468      4320 
 
             49    30.  Industrial Park              764.30 TSF      420     76    496       99    397    496      4586 
                       SUB-TOTAL                                     420     76    496       99    397    496      4586 
 
             58    30.  Industrial Park             1051.50 TSF      578    105    683      137    547    684      6309 
                       SUB-TOTAL                                     578    105    683      137    547    684      6309 
 
             59    35.  Regional Post Office         764.00 TSF      153    115    268      115    115    230      3820 
                       SUB-TOTAL                                     153    115    268      115    115    230      3820 
 
             60    30.  Industrial Park              411.60 TSF      226     41    267       54    214    268      2470 
                       SUB-TOTAL                                     226     41    267       54    214    268      2470 
 
             61    30.  Industrial Park              744.90 TSF      410     74    484       97    387    484      4469 
                       SUB-TOTAL                                     410     74    484       97    387    484      4469 
 
             62    30.  Industrial Park              607.30 TSF      334     61    395       79    316    395      3644 
                       SUB-TOTAL                                     334     61    395       79    316    395      3644 
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                                   COMMERCE CENTER (2012) LAND USE AND TRIP GENERATION SUMMARY 
 
 
                                                                    -- AM Peak Hour --     -- PM Peak Hour -- 
                Land Use Type                           Units        In    Out   Total      In    Out   Total      ADT 
          --------------------------------------------------------------------------------------------------------------- 
            13.  Commercial Shops                     77.00 TSF       55     37     92      139    139    278      2854 
            30.  Industrial Park                   10578.60 TSF     5818   1057   6875     1377   5501   6878     63472 
            35.  Regional Post Office                764.00 TSF      153    115    268      115    115    230      3820 
 
                TOTAL                                               6026   1209   7235     1631   5755   7386     70146 
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                                         TOTAL (2012) LAND USE AND TRIP GENERATION SUMMARY 
 
 
                                                                    -- AM Peak Hour --     -- PM Peak Hour -- 
                Land Use Type                           Units        In    Out   Total      In    Out   Total      ADT 
          --------------------------------------------------------------------------------------------------------------- 
             3.  Single Family (6-10du/ac)           699.00 DU       132    391    523      447    259    706      6919 
             4.  Condominium/Townhouse              2026.00 DU       203    972   1175      952    526   1478     16208 
             5.  Apartment                           451.00 DU        36    194    230      185     95    280      3113 
            11.  Commercial Center(10-30a)           587.00 TSF      429    275    704     1397   1514   2911     31733 
            12.  Commercial Center (<10ac)           104.57 TSF      114     73    187      348    378    726      8895 
            13.  Commercial Shops                    102.50 TSF       74     50    124      185    185    370      3799 
            20.  Elementary/Middle School           1350.00 STU      351    270    621      108    122    230      1958 
            30.  Industrial Park                   10642.48 TSF     5853   1063   6916     1385   5534   6919     63855 
            35.  Regional Post Office                764.00 TSF      153    115    268      115    115    230      3820 
            40.  Commercial Office                   970.40 TSF     1505    184   1689      204   1252   1456     11218 
 
            51.  Developed Park                       33.20 AC         0      0      0        0      1      1        87 
 
                TOTAL                                               8850   3587  12437     5326   9981  15307    151605 
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                                       LANDMARK VILLAGE (2014) ZONAL LAND USE AND TRIP GENERATION 
 
 
                                                                    -- AM Peak Hour --     -- PM Peak Hour -- 
            Zone       Land Use Type                    Units        In    Out   Total      In    Out   Total       ADT 
          --------------------------------------------------------------------------------------------------------------- 
            102     3.  Single Family (6-10du/ac)     38.00 DU         7     21     28       24     14     38       376 
                    4.  Condominium/Townhouse        305.00 DU        31    146    177      143     79    222      2440 
                    5.  Apartment                    155.00 DU        12     67     79       64     33     97      1070 
                   12.  Commercial Center (<10ac)     10.50 TSF       11      7     18       35     38     73       893 
                   40.  Commercial Office              9.50 TSF       15      2     17        2     12     14       110 
                       SUB-TOTAL                                      76    243    319      268    176    444      4889 
 
            103     3.  Single Family (6-10du/ac)     95.00 DU        18     53     71       61     35     96       940 
                    4.  Condominium/Townhouse        169.00 DU        17     81     98       79     44    123      1352 
                   12.  Commercial Center (<10ac)     38.50 TSF       42     27     69      128    139    267      3275 
                   13.  Commercial Shops               9.50 TSF        7      5     12       17     17     34       352 
                   20.  Elementary/Middle School     750.00 STU      195    150    345       60     68    128      1088 
                   51.  Developed Park                16.10 AC         0      0      0        0      1      1        42 
                       SUB-TOTAL                                     279    316    595      345    304    649      7049 
 
            104     3.  Single Family (6-10du/ac)    175.00 DU        33     98    131      112     65    177      1732 
                    4.  Condominium/Townhouse        211.00 DU        21    101    122       99     55    154      1688 
                    5.  Apartment                    152.00 DU        12     65     77       62     32     94      1049 
                   11.  Commercial Center(10-30a)    252.00 TSF      184    118    302      600    650   1250     13623 
                   40.  Commercial Office            370.00 TSF      574     70    644       78    477    555      4277 
                       SUB-TOTAL                                     824    452   1276      951   1279   2230     22369 
 
            105     5.  Apartment                    144.00 DU        12     62     74       59     30     89       994 
                   12.  Commercial Center (<10ac)     27.10 TSF       30     19     49       90     98    188      2305 
                   40.  Commercial Office            315.90 TSF      490     60    550       66    408    474      3652 
                       SUB-TOTAL                                     532    141    673      215    536    751      6951 
 
                                  LANDMARK VILLAGE (2014) LAND USE AND TRIP GENERATION SUMMARY 
 
                                                                    -- AM Peak Hour --     -- PM Peak Hour -- 
                Land Use Type                           Units        In    Out   Total      In    Out   Total      ADT 
          --------------------------------------------------------------------------------------------------------------- 
             3.  Single Family (6-10du/ac)           308.00 DU        58    172    230      197    114    311      3048 
             4.  Condominium/Townhouse               685.00 DU        69    328    397      321    178    499      5480 
             5.  Apartment                           451.00 DU        36    194    230      185     95    280      3113 
            11.  Commercial Center(10-30a)           252.00 TSF      184    118    302      600    650   1250     13623 
            12.  Commercial Center (<10ac)            76.10 TSF       83     53    136      253    275    528      6473 
            13.  Commercial Shops                      9.50 TSF        7      5     12       17     17     34       352 
            20.  Elementary/Middle School            750.00 STU      195    150    345       60     68    128      1088 
            40.  Commercial Office                   695.40 TSF     1079    132   1211      146    897   1043      8039 
            51.  Developed Park                       16.10 AC         0      0      0        0      1      1        42 
 
                TOTAL                                               1711   1152   2863     1779   2295   4074     41258 
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                                        MISSION VILLAGE (2014) ZONAL LAND USE AND TRIP GENERATION 
 
 
                                                                    -- AM Peak Hour --     -- PM Peak Hour -- 
            Zone       Land Use Type                    Units        In    Out   Total      In    Out   Total       ADT 
          --------------------------------------------------------------------------------------------------------------- 
            100    12.  Commercial Center (<10ac)     23.00 TSF       25     16     41       76     83    159      1956 
                       SUB-TOTAL                                      25     16     41       76     83    159      1956 
 
            120     4.  Condominium/Townhouse       1874.00 DU       187    900   1087      881    487   1368     14992 
                   11.  Commercial Center(10-30a)    200.00 TSF      146     94    240      476    516    992     10812 
                   13.  Commercial Shops              16.00 TSF       12      8     20       29     29     58       593 
                   20.  Elementary/Middle School     900.00 STU      234    180    414       72     81    153      1305 
                   40.  Commercial Office             75.00 TSF      116     14    130       16     97    113       867 
                   51.  Developed Park                 8.40 AC         0      0      0        0      0      0        22 
                       SUB-TOTAL                                     695   1196   1891     1474   1210   2684     28591 
 
 
                                   MISSION VILLAGE (2014) LAND USE AND TRIP GENERATION SUMMARY 
 
 
                                                                    -- AM Peak Hour --     -- PM Peak Hour -- 
                Land Use Type                           Units        In    Out   Total      In    Out   Total      ADT 
          --------------------------------------------------------------------------------------------------------------- 
             4.  Condominium/Townhouse              1874.00 DU       187    900   1087      881    487   1368     14992 
            11.  Commercial Center(10-30a)           200.00 TSF      146     94    240      476    516    992     10812 
            12.  Commercial Center (<10ac)            23.00 TSF       25     16     41       76     83    159      1956 
            13.  Commercial Shops                     16.00 TSF       12      8     20       29     29     58       593 
            20.  Elementary/Middle School            900.00 STU      234    180    414       72     81    153      1305 
            40.  Commercial Office                    75.00 TSF      116     14    130       16     97    113       867 
            51.  Developed Park                        8.40 AC         0      0      0        0      0      0        22 
 
                TOTAL                                                720   1212   1932     1550   1293   2843     30547 
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                                      HOMESTEAD S/O RIVER (2014) ZONAL LAND USE AND TRIP GENERATION 
 
 
                                                                    -- AM Peak Hour --     -- PM Peak Hour -- 
            Zone       Land Use Type                    Units        In    Out   Total      In    Out   Total       ADT 
          --------------------------------------------------------------------------------------------------------------- 
            108     4.  Condominium/Townhouse        851.00 DU        85    408    493      400    221    621      6808 
                   51.  Developed Park                 8.70 AC         0      0      0        0      0      0        23 
                       SUB-TOTAL                                      85    408    493      400    221    621      6831 
 
 
                                 HOMESTEAD S/O RIVER (2014) LAND USE AND TRIP GENERATION SUMMARY 
 
 
                                                                    -- AM Peak Hour --     -- PM Peak Hour -- 
                Land Use Type                           Units        In    Out   Total      In    Out   Total      ADT 
          --------------------------------------------------------------------------------------------------------------- 
             4.  Condominium/Townhouse               851.00 DU        85    408    493      400    221    621      6808 
            51.  Developed Park                        8.70 AC         0      0      0        0      0      0        23 
 
                TOTAL                                                 85    408    493      400    221    621      6831 
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                                        POTRERO VILLAGE (2014) ZONAL LAND USE AND TRIP GENERATION 
 
 
                                                                    -- AM Peak Hour --     -- PM Peak Hour -- 
            Zone       Land Use Type                    Units        In    Out   Total      In    Out   Total       ADT 
          --------------------------------------------------------------------------------------------------------------- 
            128     3.  Single Family (6-10du/ac)    114.00 DU        22     64     86       73     42    115      1129 
                       SUB-TOTAL                                      22     64     86       73     42    115      1129 
 
 
                                   POTRERO VILLAGE (2014) LAND USE AND TRIP GENERATION SUMMARY 
 
 
                                                                    -- AM Peak Hour --     -- PM Peak Hour -- 
                Land Use Type                           Units        In    Out   Total      In    Out   Total      ADT 
          --------------------------------------------------------------------------------------------------------------- 
             3.  Single Family (6-10du/ac)           114.00 DU        22     64     86       73     42    115      1129 
 
                TOTAL                                                 22     64     86       73     42    115      1129 
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                                            ENTRADA (2014) ZONAL LAND USE AND TRIP GENERATION 
 
 
                                                                    -- AM Peak Hour --     -- PM Peak Hour -- 
            Zone       Land Use Type                    Units        In    Out   Total      In    Out   Total       ADT 
          --------------------------------------------------------------------------------------------------------------- 
             90    30.  Industrial Park               63.88 TSF       35      6     41        8     33     41       383 
                   11.  Commercial Center(10-30a)    135.00 TSF       99     63    162      321    348    669      7298 
                       SUB-TOTAL                                     134     69    203      329    381    710      7681 
 
             92    40.  Commercial Office            200.00 TSF      310     38    348       42    258    300      2312 
                       SUB-TOTAL                                     310     38    348       42    258    300      2312 
 
            140     3.  Single Family (6-10du/ac)    572.00 DU       109    320    429      366    212    578      5663 
                    4.  Condominium/Townhouse        614.00 DU        61    295    356      289    160    449      4912 
                   12.  Commercial Center (<10ac)     28.48 TSF       31     20     51       95    103    198      2422 
                       SUB-TOTAL                                     201    635    836      750    475   1225     12997 
 
 
                                       ENTRADA (2014) LAND USE AND TRIP GENERATION SUMMARY 
 
 
                                                                    -- AM Peak Hour --     -- PM Peak Hour -- 
                Land Use Type                           Units        In    Out   Total      In    Out   Total      ADT 
          --------------------------------------------------------------------------------------------------------------- 
             3.  Single Family (6-10du/ac)           572.00 DU       109    320    429      366    212    578      5663 
             4.  Condominium/Townhouse               614.00 DU        61    295    356      289    160    449      4912 
            11.  Commercial Center(10-30a)           135.00 TSF       99     63    162      321    348    669      7298 
            12.  Commercial Center (<10ac)            28.48 TSF       31     20     51       95    103    198      2422 
            30.  Industrial Park                      63.88 TSF       35      6     41        8     33     41       383 
            40.  Commercial Office                   200.00 TSF      310     38    348       42    258    300      2312 
 
                TOTAL                                                645    742   1387     1121   1114   2235     22990 
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                                         LEGACY VILLAGE (2014) ZONAL LAND USE AND TRIP GENERATION 
 
 
                                                                    -- AM Peak Hour --     -- PM Peak Hour -- 
            Zone       Land Use Type                    Units        In    Out   Total      In    Out   Total       ADT 
          --------------------------------------------------------------------------------------------------------------- 
            126     4.  Condominium/Townhouse        585.00 DU        59    281    340      275    152    427      4680 
                       SUB-TOTAL                                      59    281    340      275    152    427      4680 
 
            131     4.  Condominium/Townhouse         12.00 DU         1      6      7        6      3      9        96 
                       SUB-TOTAL                                       1      6      7        6      3      9        96 
 
 
 
                                    LEGACY VILLAGE (2014) LAND USE AND TRIP GENERATION SUMMARY 
 
 
                                                                    -- AM Peak Hour --     -- PM Peak Hour -- 
                Land Use Type                           Units        In    Out   Total      In    Out   Total      ADT 
          --------------------------------------------------------------------------------------------------------------- 
             4.  Condominium/Townhouse               597.00 DU        60    287    347      281    155    436      4776 
 
                TOTAL                                                 60    287    347      281    155    436      4776 
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                                        COMMERCE CENTER (2014) ZONAL LAND USE AND TRIP GENERATION 
 
 
                                                                    -- AM Peak Hour --     -- PM Peak Hour -- 
            Zone       Land Use Type                    Units        In    Out   Total      In    Out   Total       ADT 
          --------------------------------------------------------------------------------------------------------------- 
             41    30.  Industrial Park              730.00 TSF      402     73    475       95    380    475      4380 
                       SUB-TOTAL                                     402     73    475       95    380    475      4380 
 
             42    30.  Industrial Park              275.00 TSF      151     28    179       36    143    179      1650 
                       SUB-TOTAL                                     151     28    179       36    143    179      1650 
 
             43    30.  Industrial Park              273.90 TSF      151     27    178       36    142    178      1643 
                       SUB-TOTAL                                     151     27    178       36    142    178      1643 
 
             45    30.  Industrial Park             1960.20 TSF     1078    196   1274      255   1019   1274     11761 
                       SUB-TOTAL                                    1078    196   1274      255   1019   1274     11761 
 
             46    13.  Commercial Shops              77.00 TSF       55     37     92      139    139    278      2854 
                   30.  Industrial Park              445.80 TSF      245     45    290       58    232    290      2675 
                       SUB-TOTAL                                     300     82    382      197    371    568      5529 
 
             47    30.  Industrial Park             4254.10 TSF     2340    425   2765      553   2212   2765     25525 
                       SUB-TOTAL                                    2340    425   2765      553   2212   2765     25525 
 
             48    30.  Industrial Park              720.00 TSF      396     72    468       94    374    468      4320 
                       SUB-TOTAL                                     396     72    468       94    374    468      4320 
 
             49    30.  Industrial Park              764.30 TSF      420     76    496       99    397    496      4586 
                       SUB-TOTAL                                     420     76    496       99    397    496      4586 
 
             58    30.  Industrial Park             1051.50 TSF      578    105    683      137    547    684      6309 
                       SUB-TOTAL                                     578    105    683      137    547    684      6309 
 
             59    35.  Regional Post Office         764.00 TSF      153    115    268      115    115    230      3820 
                       SUB-TOTAL                                     153    115    268      115    115    230      3820 
 
             60    30.  Industrial Park              411.60 TSF      226     41    267       54    214    268      2470 
                       SUB-TOTAL                                     226     41    267       54    214    268      2470 
 
             61    30.  Industrial Park              744.90 TSF      410     74    484       97    387    484      4469 
                       SUB-TOTAL                                     410     74    484       97    387    484      4469 
 
             62    30.  Industrial Park              627.30 TSF      345     63    408       82    326    408      3764 
                       SUB-TOTAL                                     345     63    408       82    326    408      3764 
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                                   COMMERCE CENTER (2014) LAND USE AND TRIP GENERATION SUMMARY 
 
 
                                                                    -- AM Peak Hour --     -- PM Peak Hour -- 
                Land Use Type                           Units        In    Out   Total      In    Out   Total      ADT 
          --------------------------------------------------------------------------------------------------------------- 
            13.  Commercial Shops                     77.00 TSF       55     37     92      139    139    278      2854 
            30.  Industrial Park                   12258.60 TSF     6742   1225   7967     1596   6373   7969     73552 
            35.  Regional Post Office                764.00 TSF      153    115    268      115    115    230      3820 
 
                TOTAL                                               6950   1377   8327     1850   6627   8477     80226 
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                                         TOTAL (2014) LAND USE AND TRIP GENERATION SUMMARY 
 
 
                                                                    -- AM Peak Hour --     -- PM Peak Hour -- 
                Land Use Type                           Units        In    Out   Total      In    Out   Total      ADT 
          --------------------------------------------------------------------------------------------------------------- 
             3.  Single Family (6-10du/ac)           994.00 DU       189    556    745      636    368   1004      9840 
             4.  Condominium/Townhouse              4621.00 DU       462   2218   2680     2172   1201   3373     36968 
             5.  Apartment                           451.00 DU        36    194    230      185     95    280      3113 
            11.  Commercial Center(10-30a)           587.00 TSF      429    275    704     1397   1514   2911     31733 
            12.  Commercial Center (<10ac)           127.57 TSF      139     89    228      424    461    885     10851 
            13.  Commercial Shops                    102.50 TSF       74     50    124      185    185    370      3799 
            20.  Elementary/Middle School           1650.00 STU      429    330    759      132    149    281      2393 
            30.  Industrial Park                   12322.48 TSF     6777   1231   8008     1604   6406   8010     73935 
            35.  Regional Post Office                764.00 TSF      153    115    268      115    115    230      3820 
            40.  Commercial Office                   970.40 TSF     1505    184   1689      204   1252   1456     11218 
 
            51.  Developed Park                       33.20 AC         0      0      0        0      1      1        87 
 
                TOTAL                                              10193   5242  15435     7054  11747  18801    187757 
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                                      LANDMARK VILLAGE (2018) ZONAL LAND USE AND TRIP GENERATION 
 
                                                                    -- AM Peak Hour --     -- PM Peak Hour -- 
            Zone       Land Use Type                    Units        In    Out   Total      In    Out   Total       ADT 
          --------------------------------------------------------------------------------------------------------------- 
            102     3.  Single Family (6-10du/ac)     38.00 DU         7     21     28       24     14     38       376 
                    4.  Condominium/Townhouse        305.00 DU        31    146    177      143     79    222      2440 
                    5.  Apartment                    155.00 DU        12     67     79       64     33     97      1070 
                   12.  Commercial Center (<10ac)     10.50 TSF       11      7     18       35     38     73       893 
                   40.  Commercial Office              9.50 TSF       15      2     17        2     12     14       110 
                       SUB-TOTAL                                      76    243    319      268    176    444      4889 
 
            103     3.  Single Family (6-10du/ac)     95.00 DU        18     53     71       61     35     96       940 
                    4.  Condominium/Townhouse        169.00 DU        17     81     98       79     44    123      1352 
                   12.  Commercial Center (<10ac)     38.50 TSF       42     27     69      128    139    267      3275 
                   13.  Commercial Shops               9.50 TSF        7      5     12       17     17     34       352 
                   20.  Elementary/Middle School     750.00 STU      195    150    345       60     68    128      1088 
                   51.  Developed Park                16.10 AC         0      0      0        0      1      1        42 
                       SUB-TOTAL                                     279    316    595      345    304    649      7049 
 
            104     3.  Single Family (6-10du/ac)    175.00 DU        33     98    131      112     65    177      1732 
                    4.  Condominium/Townhouse        211.00 DU        21    101    122       99     55    154      1688 
                    5.  Apartment                    152.00 DU        12     65     77       62     32     94      1049 
                   11.  Commercial Center(10-30a)    252.00 TSF      184    118    302      600    650   1250     13623 
                   40.  Commercial Office            370.00 TSF      574     70    644       78    477    555      4277 
                       SUB-TOTAL                                     824    452   1276      951   1279   2230     22369 
 
            105     5.  Apartment                    144.00 DU        12     62     74       59     30     89       994 
                   12.  Commercial Center (<10ac)     27.10 TSF       30     19     49       90     98    188      2305 
                   40.  Commercial Office            315.90 TSF      490     60    550       66    408    474      3652 
                       SUB-TOTAL                                     532    141    673      215    536    751      6951 
 
 
                                  LANDMARK VILLAGE (2018) LAND USE AND TRIP GENERATION SUMMARY 
 
                                                                    -- AM Peak Hour --     -- PM Peak Hour -- 
                Land Use Type                           Units        In    Out   Total      In    Out   Total      ADT 
          --------------------------------------------------------------------------------------------------------------- 
             3.  Single Family (6-10du/ac)           308.00 DU        58    172    230      197    114    311      3048 
             4.  Condominium/Townhouse               685.00 DU        69    328    397      321    178    499      5480 
             5.  Apartment                           451.00 DU        36    194    230      185     95    280      3113 
            11.  Commercial Center(10-30a)           252.00 TSF      184    118    302      600    650   1250     13623 
            12.  Commercial Center (<10ac)            76.10 TSF       83     53    136      253    275    528      6473 
            13.  Commercial Shops                      9.50 TSF        7      5     12       17     17     34       352 
            20.  Elementary/Middle School            750.00 STU      195    150    345       60     68    128      1088 
            40.  Commercial Office                   695.40 TSF     1079    132   1211      146    897   1043      8039 
            51.  Developed Park                       16.10 AC         0      0      0        0      1      1        42 
 
                TOTAL                                               1711   1152   2863     1779   2295   4074     41258 
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                                        MISSION VILLAGE (2018) ZONAL LAND USE AND TRIP GENERATION 
 
 
                                                                    -- AM Peak Hour --     -- PM Peak Hour -- 
            Zone       Land Use Type                    Units        In    Out   Total      In    Out   Total       ADT 
          --------------------------------------------------------------------------------------------------------------- 
             96     2.  Single Family (1-5du/ac)     123.00 DU        23     69     92       79     46    125      1218 
                    4.  Condominium/Townhouse        855.00 DU        86    410    496      402    222    624      6840 
                       SUB-TOTAL                                     109    479    588      481    268    749      8058 
 
             98    12.  Commercial Center (<10ac)      6.20 TSF        7      4     11       21     22     43       527 
                   31.  Business Park                250.00 TSF      300     58    358       75    248    323      2550 
                       SUB-TOTAL                                     307     62    369       96    270    366      3077 
 
             99    51.  Developed Park                20.20 AC         0      0      0        1      1      2        53 
                       SUB-TOTAL                                       0      0      0        1      1      2        53 
 
            100    12.  Commercial Center (<10ac)     23.00 TSF       25     16     41       76     83    159      1956 
                       SUB-TOTAL                                      25     16     41       76     83    159      1956 
 
            120     4.  Condominium/Townhouse       2425.00 DU       243   1164   1407     1140    631   1771     19400 
                   11.  Commercial Center(10-30a)    267.30 TSF      195    126    321      636    690   1326     14450 
                   13.  Commercial Shops              16.00 TSF       12      8     20       29     29     58       593 
                   20.  Elementary/Middle School     900.00 STU      234    180    414       72     81    153      1305 
                   40.  Commercial Office             75.00 TSF      116     14    130       16     97    113       867 
                   51.  Developed Park                 8.40 AC         0      0      0        0      0      0        22 
                       SUB-TOTAL                                     800   1492   2292     1893   1528   3421     36637 
 
            122     4.  Condominium/Townhouse        176.00 DU        18     84    102       83     46    129      1408 
                       SUB-TOTAL                                      18     84    102       83     46    129      1408 
 
            142     4.  Condominium/Townhouse        351.00 DU        35    168    203      165     91    256      2808 
                       SUB-TOTAL                                      35    168    203      165     91    256      2808 
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                                   MISSION VILLAGE (2018) LAND USE AND TRIP GENERATION SUMMARY 
 
 
                                                                    -- AM Peak Hour --     -- PM Peak Hour -- 
                Land Use Type                           Units        In    Out   Total      In    Out   Total      ADT 
          --------------------------------------------------------------------------------------------------------------- 
             2.  Single Family (1-5du/ac)            123.00 DU        23     69     92       79     46    125      1218 
             4.  Condominium/Townhouse              3807.00 DU       382   1826   2208     1790    990   2780     30456 
            11.  Commercial Center(10-30a)           267.30 TSF      195    126    321      636    690   1326     14450 
            12.  Commercial Center (<10ac)            29.20 TSF       32     20     52       97    105    202      2483 
            13.  Commercial Shops                     16.00 TSF       12      8     20       29     29     58       593 
            20.  Elementary/Middle School            900.00 STU      234    180    414       72     81    153      1305 
            31.  Business Park                       250.00 TSF      300     58    358       75    248    323      2550 
            40.  Commercial Office                    75.00 TSF      116     14    130       16     97    113       867 
            51.  Developed Park                       28.60 AC         0      0      0        1      1      2        75 
 
                TOTAL                                               1294   2301   3595     2795   2287   5082     53997 
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                                      HOMESTEAD S/O RIVER (2018) ZONAL LAND USE AND TRIP GENERATION 
 
 
                                                                    -- AM Peak Hour --     -- PM Peak Hour -- 
            Zone       Land Use Type                    Units        In    Out   Total      In    Out   Total       ADT 
          --------------------------------------------------------------------------------------------------------------- 
            107     2.  Single Family (1-5du/ac)     461.00 DU        88    258    346      295    171    466      4564 
                       SUB-TOTAL                                      88    258    346      295    171    466      4564 
 
            108     4.  Condominium/Townhouse       1828.00 DU       183    877   1060      859    475   1334     14624 
                   20.  Elementary/Middle School     600.00 STU      156    120    276       48     54    102       870 
                   51.  Developed Park                 8.70 AC         0      0      0        0      0      0        23 
                       SUB-TOTAL                                     339    997   1336      907    529   1436     15517 
 
 
                                 HOMESTEAD S/O RIVER (2018) LAND USE AND TRIP GENERATION SUMMARY 
 
 
                                                                    -- AM Peak Hour --     -- PM Peak Hour -- 
                Land Use Type                           Units        In    Out   Total      In    Out   Total      ADT 
          --------------------------------------------------------------------------------------------------------------- 
             2.  Single Family (1-5du/ac)            461.00 DU        88    258    346      295    171    466      4564 
             4.  Condominium/Townhouse              1828.00 DU       183    877   1060      859    475   1334     14624 
            20.  Elementary/Middle School            600.00 STU      156    120    276       48     54    102       870 
            51.  Developed Park                        8.70 AC         0      0      0        0      0      0        23 
 
                TOTAL                                                427   1255   1682     1202    700   1902     20081 
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                                        POTRERO VILLAGE (2018) ZONAL LAND USE AND TRIP GENERATION 
 
 
                                                                    -- AM Peak Hour --     -- PM Peak Hour -- 
            Zone       Land Use Type                    Units        In    Out   Total      In    Out   Total       ADT 
          --------------------------------------------------------------------------------------------------------------- 
            127     4.  Condominium/Townhouse        542.00 DU        54    260    314      255    141    396      4336 
                       SUB-TOTAL                                      54    260    314      255    141    396      4336 
 
            128     3.  Single Family (6-10du/ac)    450.00 DU        86    252    338      288    167    455      4455 
                       SUB-TOTAL                                      86    252    338      288    167    455      4455 
 
            129     3.  Single Family (6-10du/ac)    177.00 DU        34     99    133      113     65    178      1752 
                       SUB-TOTAL                                      34     99    133      113     65    178      1752 
 
 
                                   POTRERO VILLAGE (2018) LAND USE AND TRIP GENERATION SUMMARY 
 
 
                                                                    -- AM Peak Hour --     -- PM Peak Hour -- 
                Land Use Type                           Units        In    Out   Total      In    Out   Total      ADT 
          --------------------------------------------------------------------------------------------------------------- 
             3.  Single Family (6-10du/ac)           627.00 DU       120    351    471      401    232    633      6207 
             4.  Condominium/Townhouse               542.00 DU        54    260    314      255    141    396      4336 
 
                TOTAL                                                174    611    785      656    373   1029     10543 
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                                            ENTRADA (2018) ZONAL LAND USE AND TRIP GENERATION 
 
 
                                                                    -- AM Peak Hour --     -- PM Peak Hour -- 
            Zone       Land Use Type                    Units        In    Out   Total      In    Out   Total       ADT 
          --------------------------------------------------------------------------------------------------------------- 
             90     5.  Apartment                    408.00 DU        33    175    208      167     86    253      2815 
                   11.  Commercial Center(10-30a)    135.00 TSF       99     63    162      321    348    669      7298 
                   30.  Industrial Park               63.88 TSF       35      6     41        8     33     41       383 
                   40.  Commercial Office            200.00 TSF      310     38    348       42    258    300      2312 
                       SUB-TOTAL                                     477    282    759      538    725   1263     12808 
 
             92     4.  Condominium/Townhouse        867.00 DU        87    416    503      407    225    632      6936 
                   10.  Commercial Center (>30ac)    350.00 TSF      165    105    270      574    623   1197     14021 
                   40.  Commercial Office            250.00 TSF      388     48    436       53    323    376      2890 
                       SUB-TOTAL                                     640    569   1209     1034   1171   2205     23847 
 
            140     3.  Single Family (6-10du/ac)    572.00 DU       109    320    429      366    212    578      5663 
                    4.  Condominium/Townhouse       1250.00 DU       125    600    725      588    325    913     10000 
                   12.  Commercial Center (<10ac)     28.48 TSF       31     20     51       95    103    198      2422 
                       SUB-TOTAL                                     265    940   1205     1049    640   1689     18085 
 
 
                                       ENTRADA (2018) LAND USE AND TRIP GENERATION SUMMARY 
 
 
                                                                    -- AM Peak Hour --     -- PM Peak Hour -- 
                Land Use Type                           Units        In    Out   Total      In    Out   Total      ADT 
          --------------------------------------------------------------------------------------------------------------- 
             3.  Single Family (6-10du/ac)           572.00 DU       109    320    429      366    212    578      5663 
             4.  Condominium/Townhouse              2117.00 DU       212   1016   1228      995    550   1545     16936 
             5.  Apartment                           408.00 DU        33    175    208      167     86    253      2815 
            10.  Commercial Center (>30ac)           350.00 TSF      165    105    270      574    623   1197     14021 
            11.  Commercial Center(10-30a)           135.00 TSF       99     63    162      321    348    669      7298 
            12.  Commercial Center (<10ac)            28.48 TSF       31     20     51       95    103    198      2422 
            30.  Industrial Park                      63.88 TSF       35      6     41        8     33     41       383 
            40.  Commercial Office                   450.00 TSF      698     86    784       95    581    676      5202 
 
                TOTAL                                               1382   1791   3173     2621   2536   5157     54740 
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                                         LEGACY VILLAGE (2018) ZONAL LAND USE AND TRIP GENERATION 
 
 
                                                                    -- AM Peak Hour --     -- PM Peak Hour -- 
            Zone       Land Use Type                    Units        In    Out   Total      In    Out   Total       ADT 
          --------------------------------------------------------------------------------------------------------------- 
            124     7.  Senior (Active)              801.00 DU        64     96    160      128     80    208      2972 
                       SUB-TOTAL                                      64     96    160      128     80    208      2972 
 
            126     4.  Condominium/Townhouse        585.00 DU        59    281    340      275    152    427      4680 
                       SUB-TOTAL                                      59    281    340      275    152    427      4680 
 
            131     4.  Condominium/Townhouse       1200.00 DU       120    576    696      564    312    876      9600 
                   20.  Elementary/Middle School     900.00 STU      234    180    414       72     81    153      1305 
                       SUB-TOTAL                                     354    756   1110      636    393   1029     10905 
 
 
                                    LEGACY VILLAGE (2018) LAND USE AND TRIP GENERATION SUMMARY 
 
 
                                                                    -- AM Peak Hour --     -- PM Peak Hour -- 
                Land Use Type                           Units        In    Out   Total      In    Out   Total      ADT 
          --------------------------------------------------------------------------------------------------------------- 
             4.  Condominium/Townhouse              1785.00 DU       179    857   1036      839    464   1303     14280 
             7.  Senior (Active)                     801.00 DU        64     96    160      128     80    208      2972 
            20.  Elementary/Middle School            900.00 STU      234    180    414       72     81    153      1305 
 
                TOTAL                                                477   1133   1610     1039    625   1664     18557 
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                                        COMMERCE CENTER (2018) ZONAL LAND USE AND TRIP GENERATION 
 
 
                                                                    -- AM Peak Hour --     -- PM Peak Hour -- 
            Zone       Land Use Type                    Units        In    Out   Total      In    Out   Total       ADT 
          --------------------------------------------------------------------------------------------------------------- 
             41    30.  Industrial Park              730.00 TSF      402     73    475       95    380    475      4380 
                       SUB-TOTAL                                     402     73    475       95    380    475      4380 
 
             42    30.  Industrial Park              275.00 TSF      151     28    179       36    143    179      1650 
                       SUB-TOTAL                                     151     28    179       36    143    179      1650 
 
             43    30.  Industrial Park              273.90 TSF      151     27    178       36    142    178      1643 
                       SUB-TOTAL                                     151     27    178       36    142    178      1643 
 
             45    30.  Industrial Park             1960.20 TSF     1078    196   1274      255   1019   1274     11761 
                       SUB-TOTAL                                    1078    196   1274      255   1019   1274     11761 
 
             46    13.  Commercial Shops              77.00 TSF       55     37     92      139    139    278      2854 
                   30.  Industrial Park              445.80 TSF      245     45    290       58    232    290      2675 
                       SUB-TOTAL                                     300     82    382      197    371    568      5529 
 
             47    30.  Industrial Park             4254.10 TSF     2340    425   2765      553   2212   2765     25525 
                       SUB-TOTAL                                    2340    425   2765      553   2212   2765     25525 
 
             48    30.  Industrial Park              720.00 TSF      396     72    468       94    374    468      4320 
                       SUB-TOTAL                                     396     72    468       94    374    468      4320 
 
             49    30.  Industrial Park              764.30 TSF      420     76    496       99    397    496      4586 
                       SUB-TOTAL                                     420     76    496       99    397    496      4586 
 
             58    30.  Industrial Park             1051.50 TSF      578    105    683      137    547    684      6309 
                       SUB-TOTAL                                     578    105    683      137    547    684      6309 
 
             59    35.  Regional Post Office         764.00 TSF      153    115    268      115    115    230      3820 
                       SUB-TOTAL                                     153    115    268      115    115    230      3820 
 
             60    30.  Industrial Park              411.60 TSF      226     41    267       54    214    268      2470 
                       SUB-TOTAL                                     226     41    267       54    214    268      2470 
 
             61    30.  Industrial Park              744.90 TSF      410     74    484       97    387    484      4469 
                       SUB-TOTAL                                     410     74    484       97    387    484      4469 
 
             62    30.  Industrial Park              627.30 TSF      345     63    408       82    326    408      3764 
                       SUB-TOTAL                                     345     63    408       82    326    408      3764 
 



 

Westside Santa Clarita Valley A-39 Austin-Foust Associates, Inc. 
Roadway Phasing Analysis  105345rptAppxA.doc 

                                    COMMERCE CENTER (2018) LAND USE AND TRIP GENERATION SUMMARY 
 
 
                                                                    -- AM Peak Hour --     -- PM Peak Hour -- 
                Land Use Type                           Units        In    Out   Total      In    Out   Total      ADT 
          --------------------------------------------------------------------------------------------------------------- 
            13.  Commercial Shops                     77.00 TSF       55     37     92      139    139    278      2854 
            30.  Industrial Park                   12258.60 TSF     6742   1225   7967     1596   6373   7969     73552 
            35.  Regional Post Office                764.00 TSF      153    115    268      115    115    230      3820 
 
                TOTAL                                               6950   1377   8327     1850   6627   8477     80226 
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                                         TOTAL (2018) LAND USE AND TRIP GENERATION SUMMARY 
 
 
                                                                    -- AM Peak Hour --     -- PM Peak Hour -- 
                Land Use Type                           Units        In    Out   Total      In    Out   Total      ADT 
          --------------------------------------------------------------------------------------------------------------- 
             2.  Single Family (1-5du/ac)            584.00 DU       111    327    438      374    217    591      5782 
             3.  Single Family (6-10du/ac)          1507.00 DU       287    843   1130      964    558   1522     14918 
             4.  Condominium/Townhouse             10764.00 DU      1079   5164   6243     5059   2798   7857     86112 
             5.  Apartment                           859.00 DU        69    369    438      352    181    533      5928 
             7.  Senior (Active)                     801.00 DU        64     96    160      128     80    208      2972 
            10.  Commercial Center (>30ac)           350.00 TSF      165    105    270      574    623   1197     14021 
            11.  Commercial Center(10-30a)           654.30 TSF      478    307    785     1557   1688   3245     35371 
            12.  Commercial Center (<10ac)           133.77 TSF      146     93    239      445    483    928     11378 
            13.  Commercial Shops                    102.50 TSF       74     50    124      185    185    370      3799 
            20.  Elementary/Middle School           3150.00 STU      819    630   1449      252    284    536      4568 
 
            30.  Industrial Park                   12322.48 TSF     6777   1231   8008     1604   6406   8010     73935 
            31.  Business Park                       250.00 TSF      300     58    358       75    248    323      2550 
            35.  Regional Post Office                764.00 TSF      153    115    268      115    115    230      3820 
            40.  Commercial Office                  1220.40 TSF     1893    232   2125      257   1575   1832     14108 
            51.  Developed Park                       53.40 AC         0      0      0        1      2      3       140 
 
                TOTAL                                              12415   9620  22035    11942  15443  27385    279402 
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                                      LANDMARK VILLAGE (2022) ZONAL LAND USE AND TRIP GENERATION 
 
                                                                    -- AM Peak Hour --     -- PM Peak Hour -- 
            Zone       Land Use Type                    Units        In    Out   Total      In    Out   Total       ADT 
          --------------------------------------------------------------------------------------------------------------- 
            102     3.  Single Family (6-10du/ac)     38.00 DU         7     21     28       24     14     38       376 
                    4.  Condominium/Townhouse        305.00 DU        31    146    177      143     79    222      2440 
                    5.  Apartment                    155.00 DU        12     67     79       64     33     97      1070 
                   12.  Commercial Center (<10ac)     10.50 TSF       11      7     18       35     38     73       893 
                   40.  Commercial Office              9.50 TSF       15      2     17        2     12     14       110 
                       SUB-TOTAL                                      76    243    319      268    176    444      4889 
 
            103     3.  Single Family (6-10du/ac)     95.00 DU        18     53     71       61     35     96       940 
                    4.  Condominium/Townhouse        169.00 DU        17     81     98       79     44    123      1352 
                   12.  Commercial Center (<10ac)     38.50 TSF       42     27     69      128    139    267      3275 
                   13.  Commercial Shops               9.50 TSF        7      5     12       17     17     34       352 
                   20.  Elementary/Middle School     750.00 STU      195    150    345       60     68    128      1088 
                   51.  Developed Park                16.10 AC         0      0      0        0      1      1        42 
                       SUB-TOTAL                                     279    316    595      345    304    649      7049 
 
            104     3.  Single Family (6-10du/ac)    175.00 DU        33     98    131      112     65    177      1732 
                    4.  Condominium/Townhouse        211.00 DU        21    101    122       99     55    154      1688 
                    5.  Apartment                    152.00 DU        12     65     77       62     32     94      1049 
                   11.  Commercial Center(10-30a)    252.00 TSF      184    118    302      600    650   1250     13623 
                   40.  Commercial Office            370.00 TSF      574     70    644       78    477    555      4277 
                       SUB-TOTAL                                     824    452   1276      951   1279   2230     22369 
 
            105     5.  Apartment                    144.00 DU        12     62     74       59     30     89       994 
                   12.  Commercial Center (<10ac)     27.10 TSF       30     19     49       90     98    188      2305 
                   40.  Commercial Office            315.90 TSF      490     60    550       66    408    474      3652 
                       SUB-TOTAL                                     532    141    673      215    536    751      6951 
 
 
                                  LANDMARK VILLAGE (2022) LAND USE AND TRIP GENERATION SUMMARY 
 
                                                                    -- AM Peak Hour --     -- PM Peak Hour -- 
                Land Use Type                           Units        In    Out   Total      In    Out   Total      ADT 
          --------------------------------------------------------------------------------------------------------------- 
             3.  Single Family (6-10du/ac)           308.00 DU        58    172    230      197    114    311      3048 
             4.  Condominium/Townhouse               685.00 DU        69    328    397      321    178    499      5480 
             5.  Apartment                           451.00 DU        36    194    230      185     95    280      3113 
            11.  Commercial Center(10-30a)           252.00 TSF      184    118    302      600    650   1250     13623 
            12.  Commercial Center (<10ac)            76.10 TSF       83     53    136      253    275    528      6473 
            13.  Commercial Shops                      9.50 TSF        7      5     12       17     17     34       352 
            20.  Elementary/Middle School            750.00 STU      195    150    345       60     68    128      1088 
            40.  Commercial Office                   695.40 TSF     1079    132   1211      146    897   1043      8039 
            51.  Developed Park                       16.10 AC         0      0      0        0      1      1        42 
 
                TOTAL                                               1711   1152   2863     1779   2295   4074     41258 
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                                        MISSION VILLAGE (2022) ZONAL LAND USE AND TRIP GENERATION 
 
 
                                                                    -- AM Peak Hour --     -- PM Peak Hour -- 
            Zone       Land Use Type                    Units        In    Out   Total      In    Out   Total       ADT 
          --------------------------------------------------------------------------------------------------------------- 
             96     2.  Single Family (1-5du/ac)     123.00 DU        23     69     92       79     46    125      1218 
                    4.  Condominium/Townhouse        881.00 DU        88    423    511      414    229    643      7048 
                       SUB-TOTAL                                     111    492    603      493    275    768      8266 
 
             98    12.  Commercial Center (<10ac)      6.20 TSF        7      4     11       21     22     43       527 
                   31.  Business Park                350.00 TSF      420     81    501      105    347    452      3570 
                       SUB-TOTAL                                     427     85    512      126    369    495      4097 
 
             99     4.  Condominium/Townhouse        436.00 DU        44    209    253      205    113    318      3488 
                   51.  Developed Park                20.20 AC         0      0      0        1      1      2        53 
                       SUB-TOTAL                                      44    209    253      206    114    320      3541 
 
            100    12.  Commercial Center (<10ac)     23.00 TSF       25     16     41       76     83    159      1956 
                   40.  Commercial Office            220.00 TSF      341     42    383       46    284    330      2543 
                       SUB-TOTAL                                     366     58    424      122    367    489      4499 
 
            120     4.  Condominium/Townhouse       2425.00 DU       243   1164   1407     1140    631   1771     19400 
                   11.  Commercial Center(10-30a)    267.30 TSF      195    126    321      636    690   1326     14450 
                   13.  Commercial Shops              16.00 TSF       12      8     20       29     29     58       593 
                   20.  Elementary/Middle School     900.00 STU      234    180    414       72     81    153      1305 
                   40.  Commercial Office             75.00 TSF      116     14    130       16     97    113       867 
                   51.  Developed Park                 8.40 AC         0      0      0        0      0      0        22 
                       SUB-TOTAL                                     800   1492   2292     1893   1528   3421     36637 
 
            121     2.  Single Family (1-5du/ac)     168.00 DU        32     94    126      108     62    170      1663 
                    4.  Condominium/Townhouse        418.00 DU        42    201    243      196    109    305      3344 
                       SUB-TOTAL                                      74    295    369      304    171    475      5007 
 
            122     4.  Condominium/Townhouse        176.00 DU        18     84    102       83     46    129      1408 
                       SUB-TOTAL                                      18     84    102       83     46    129      1408 
 
            142     4.  Condominium/Townhouse        670.00 DU        67    322    389      315    174    489      5360 
                       SUB-TOTAL                                      67    322    389      315    174    489      5360 
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                                    MISSION VILLAGE (2022) LAND USE AND TRIP GENERATION SUMMARY 
 
 
                                                                    -- AM Peak Hour --     -- PM Peak Hour -- 
                Land Use Type                           Units        In    Out   Total      In    Out   Total      ADT 
          --------------------------------------------------------------------------------------------------------------- 
             2.  Single Family (1-5du/ac)            291.00 DU        55    163    218      187    108    295      2881 
             4.  Condominium/Townhouse              5006.00 DU       502   2403   2905     2353   1302   3655     40048 
            11.  Commercial Center(10-30a)           267.30 TSF      195    126    321      636    690   1326     14450 
            12.  Commercial Center (<10ac)            29.20 TSF       32     20     52       97    105    202      2483 
            13.  Commercial Shops                     16.00 TSF       12      8     20       29     29     58       593 
            20.  Elementary/Middle School            900.00 STU      234    180    414       72     81    153      1305 
            31.  Business Park                       350.00 TSF      420     81    501      105    347    452      3570 
            40.  Commercial Office                   295.00 TSF      457     56    513       62    381    443      3410 
            51.  Developed Park                       28.60 AC         0      0      0        1      1      2        75 
 
                TOTAL                                               1907   3037   4944     3542   3044   6586     68815 
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                                      HOMESTEAD S/O RIVER (2022) ZONAL LAND USE AND TRIP GENERATION 
 
 
                                                                    -- AM Peak Hour --     -- PM Peak Hour -- 
            Zone       Land Use Type                    Units        In    Out   Total      In    Out   Total       ADT 
          --------------------------------------------------------------------------------------------------------------- 
            107     2.  Single Family (1-5du/ac)     461.00 DU        88    258    346      295    171    466      4564 
                    4.  Condominium/Townhouse        326.00 DU        33    156    189      153     85    238      2608 
                   20.  Elementary/Middle School     700.00 STU      182    140    322       56     63    119      1015 
                   21.  High School                 1300.00 STU      416    182    598       78    117    195      2327 
                   51.  Developed Park                20.50 AC         0      0      0        1      1      2        53 
                       SUB-TOTAL                                     719    736   1455      583    437   1020     10567 
 
            108     4.  Condominium/Townhouse       2189.00 DU       219   1051   1270     1029    569   1598     17512 
                   20.  Elementary/Middle School     900.00 STU      234    180    414       72     81    153      1305 
                   51.  Developed Park                 8.70 AC         0      0      0        0      0      0        23 
                       SUB-TOTAL                                     453   1231   1684     1101    650   1751     18840 
 
            109     3.  Single Family (6-10du/ac)     38.00 DU         7     21     28       24     14     38       376 
                       SUB-TOTAL                                       7     21     28       24     14     38       376 
 
            110     2.  Single Family (1-5du/ac)     184.00 DU        35    103    138      118     68    186      1822 
                    4.  Condominium/Townhouse        548.00 DU        55    263    318      258    142    400      4384 
                   51.  Developed Park                 9.40 AC         0      0      0        0      0      0        24 
                       SUB-TOTAL                                      90    366    456      376    210    586      6230 
 
            118     4.  Condominium/Townhouse        161.00 DU        16     77     93       76     42    118      1288 
                       SUB-TOTAL                                      16     77     93       76     42    118      1288 
 
 
                                 HOMESTEAD S/O RIVER (2022) LAND USE AND TRIP GENERATION SUMMARY 
 
 
                                                                    -- AM Peak Hour --     -- PM Peak Hour -- 
                Land Use Type                           Units        In    Out   Total      In    Out   Total      ADT 
          --------------------------------------------------------------------------------------------------------------- 
             2.  Single Family (1-5du/ac)            645.00 DU       123    361    484      413    239    652      6386 
             3.  Single Family (6-10du/ac)            38.00 DU         7     21     28       24     14     38       376 
             4.  Condominium/Townhouse              3224.00 DU       323   1547   1870     1516    838   2354     25792 
            20.  Elementary/Middle School           1600.00 STU      416    320    736      128    144    272      2320 
            21.  High School                        1300.00 STU      416    182    598       78    117    195      2327 
            51.  Developed Park                       38.60 AC         0      0      0        1      1      2       100 
 
                TOTAL                                               1285   2431   3716     2160   1353   3513     37301 
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                                     HOMESTEAD N/O RIVER (2022) ZONAL LAND USE AND TRIP GENERATION 
 
 
                                                                    -- AM Peak Hour --     -- PM Peak Hour -- 
            Zone       Land Use Type                    Units        In    Out   Total      In    Out   Total       ADT 
          --------------------------------------------------------------------------------------------------------------- 
             55     3.  Single Family (6-10du/ac)    164.00 DU        31     92    123      105     61    166      1624 
                    4.  Condominium/Townhouse        315.00 DU        32    151    183      148     82    230      2520 
                       SUB-TOTAL                                      63    243    306      253    143    396      4144 
 
 
                                 HOMESTEAD N/O RIVER (2022) LAND USE AND TRIP GENERATION SUMMARY 
 
 
                                                                    -- AM Peak Hour --     -- PM Peak Hour -- 
                Land Use Type                           Units        In    Out   Total      In    Out   Total      ADT 
          --------------------------------------------------------------------------------------------------------------- 
             3.  Single Family (6-10du/ac)           164.00 DU        31     92    123      105     61    166      1624 
             4.  Condominium/Townhouse               315.00 DU        32    151    183      148     82    230      2520 
 
                TOTAL                                                 63    243    306      253    143    396      4144 
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                                        POTRERO VILLAGE (2022) ZONAL LAND USE AND TRIP GENERATION 
 
 
                                                                    -- AM Peak Hour --     -- PM Peak Hour -- 
            Zone       Land Use Type                    Units        In    Out   Total      In    Out   Total       ADT 
          --------------------------------------------------------------------------------------------------------------- 
            111    34.  Utilities                    100.00 TSF        0      0      0        0      0      0       238 
                       SUB-TOTAL                                       0      0      0        0      0      0       238 
 
            112     2.  Single Family (1-5du/ac)      90.00 DU        17     50     67       58     33     91       891 
                    3.  Single Family (6-10du/ac)    156.00 DU        30     87    117      100     58    158      1544 
                   50.  Golf Course                  180.00 AC        27     11     38       18     36     54      1433 
                       SUB-TOTAL                                      74    148    222      176    127    303      3868 
 
            115     3.  Single Family (6-10du/ac)    424.00 DU        81    237    318      271    157    428      4198 
                       SUB-TOTAL                                      81    237    318      271    157    428      4198 
 
            116     4.  Condominium/Townhouse        400.00 DU        40    192    232      188    104    292      3200 
                   11.  Commercial Center(10-30a)    200.00 TSF      146     94    240      476    516    992     10812 
                       SUB-TOTAL                                     186    286    472      664    620   1284     14012 
 
            117     4.  Condominium/Townhouse        400.00 DU        40    192    232      188    104    292      3200 
                   11.  Commercial Center(10-30a)    200.00 TSF      146     94    240      476    516    992     10812 
                       SUB-TOTAL                                     186    286    472      664    620   1284     14012 
 
            119     5.  Apartment                    531.00 DU        42    228    270      218    112    330      3664 
                       SUB-TOTAL                                      42    228    270      218    112    330      3664 
 
            127     4.  Condominium/Townhouse        888.00 DU        89    426    515      417    231    648      7104 
                       SUB-TOTAL                                      89    426    515      417    231    648      7104 
 
            128     3.  Single Family (6-10du/ac)    450.00 DU        86    252    338      288    167    455      4455 
                       SUB-TOTAL                                      86    252    338      288    167    455      4455 
 
            129     3.  Single Family (6-10du/ac)    177.00 DU        34     99    133      113     65    178      1752 
                       SUB-TOTAL                                      34     99    133      113     65    178      1752 
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                                    POTRERO VILLAGE (2022) LAND USE AND TRIP GENERATION SUMMARY 
 
 
                                                                    -- AM Peak Hour --     -- PM Peak Hour -- 
                Land Use Type                           Units        In    Out   Total      In    Out   Total      ADT 
          --------------------------------------------------------------------------------------------------------------- 
             2.  Single Family (1-5du/ac)             90.00 DU        17     50     67       58     33     91       891 
             3.  Single Family (6-10du/ac)          1207.00 DU       231    675    906      772    447   1219     11949 
             4.  Condominium/Townhouse              1688.00 DU       169    810    979      793    439   1232     13504 
             5.  Apartment                           531.00 DU        42    228    270      218    112    330      3664 
            11.  Commercial Center(10-30a)           400.00 TSF      292    188    480      952   1032   1984     21624 
            34.  Utilities                           100.00 TSF        0      0      0        0      0      0       238 
            50.  Golf Course                         180.00 AC        27     11     38       18     36     54      1433 
 
                TOTAL                                                778   1962   2740     2811   2099   4910     53303 
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                                            ENTRADA (2022) ZONAL LAND USE AND TRIP GENERATION 
 
 
                                                                    -- AM Peak Hour --     -- PM Peak Hour -- 
            Zone       Land Use Type                    Units        In    Out   Total      In    Out   Total       ADT 
          --------------------------------------------------------------------------------------------------------------- 
             90     5.  Apartment                    408.00 DU        33    175    208      167     86    253      2815 
                   10.  Commercial Center (>30ac)    200.00 TSF       94     60    154      328    356    684      8012 
                   11.  Commercial Center(10-30a)    135.00 TSF       99     63    162      321    348    669      7298 
                   30.  Industrial Park               63.88 TSF       35      6     41        8     33     41       383 
                   40.  Commercial Office            300.00 TSF      465     57    522       63    387    450      3468 
                       SUB-TOTAL                                     726    361   1087      887   1210   2097     21976 
 
             92     4.  Condominium/Townhouse       1000.00 DU       100    480    580      470    260    730      8000 
                   10.  Commercial Center (>30ac)    400.00 TSF      188    120    308      656    712   1368     16024 
                   40.  Commercial Office            250.00 TSF      388     48    436       53    323    376      2890 
                       SUB-TOTAL                                     676    648   1324     1179   1295   2474     26914 
 
            101    10.  Commercial Center (>30ac)    200.00 TSF       94     60    154      328    356    684      8012 
                       SUB-TOTAL                                      94     60    154      328    356    684      8012 
 
            140     3.  Single Family (6-10du/ac)    572.00 DU       109    320    429      366    212    578      5663 
                    4.  Condominium/Townhouse       1250.00 DU       125    600    725      588    325    913     10000 
                   12.  Commercial Center (<10ac)     28.48 TSF       31     20     51       95    103    198      2422 
                       SUB-TOTAL                                     265    940   1205     1049    640   1689     18085 
 
 
                                       ENTRADA (2022) LAND USE AND TRIP GENERATION SUMMARY 
 
 
                                                                    -- AM Peak Hour --     -- PM Peak Hour -- 
                Land Use Type                           Units        In    Out   Total      In    Out   Total      ADT 
          --------------------------------------------------------------------------------------------------------------- 
             3.  Single Family (6-10du/ac)           572.00 DU       109    320    429      366    212    578      5663 
             4.  Condominium/Townhouse              2250.00 DU       225   1080   1305     1058    585   1643     18000 
             5.  Apartment                           408.00 DU        33    175    208      167     86    253      2815 
            10.  Commercial Center (>30ac)           800.00 TSF      376    240    616     1312   1424   2736     32048 
            11.  Commercial Center(10-30a)           135.00 TSF       99     63    162      321    348    669      7298 
            12.  Commercial Center (<10ac)            28.48 TSF       31     20     51       95    103    198      2422 
            30.  Industrial Park                      63.88 TSF       35      6     41        8     33     41       383 
            40.  Commercial Office                   550.00 TSF      853    105    958      116    710    826      6358 
 
                TOTAL                                               1761   2009   3770     3443   3501   6944     74987 



 

Westside Santa Clarita Valley A-50 Austin-Foust Associates, Inc. 
Roadway Phasing Analysis  105345rptAppxA.doc 

                                         LEGACY VILLAGE (2022) ZONAL LAND USE AND TRIP GENERATION 
 
 
                                                                    -- AM Peak Hour --     -- PM Peak Hour -- 
            Zone       Land Use Type                    Units        In    Out   Total      In    Out   Total       ADT 
          --------------------------------------------------------------------------------------------------------------- 
            123     3.  Single Family (6-10du/ac)    440.00 DU        84    246    330      282    163    445      4356 
                       SUB-TOTAL                                      84    246    330      282    163    445      4356 
 
            124     7.  Senior (Active)             1000.00 DU        80    120    200      160    100    260      3710 
                       SUB-TOTAL                                      80    120    200      160    100    260      3710 
 
            126     4.  Condominium/Townhouse        585.00 DU        59    281    340      275    152    427      4680 
                   11.  Commercial Center(10-30a)    150.00 TSF      110     71    181      357    387    744      8109 
                   40.  Commercial Office            225.00 TSF      349     43    392       47    290    337      2601 
                       SUB-TOTAL                                     518    395    913      679    829   1508     15390 
 
            131     4.  Condominium/Townhouse       1400.00 DU       140    672    812      658    364   1022     11200 
                   20.  Elementary/Middle School     900.00 STU      234    180    414       72     81    153      1305 
                       SUB-TOTAL                                     374    852   1226      730    445   1175     12505 
 
            151     2.  Single Family (1-5du/ac)      75.00 DU        14     42     56       48     28     76       743 
                       SUB-TOTAL                                      14     42     56       48     28     76       743 
 
 
                                    LEGACY VILLAGE (2022) LAND USE AND TRIP GENERATION SUMMARY 
 
 
                                                                    -- AM Peak Hour --     -- PM Peak Hour -- 
                Land Use Type                           Units        In    Out   Total      In    Out   Total      ADT 
          --------------------------------------------------------------------------------------------------------------- 
             2.  Single Family (1-5du/ac)             75.00 DU        14     42     56       48     28     76       743 
             3.  Single Family (6-10du/ac)           440.00 DU        84    246    330      282    163    445      4356 
             4.  Condominium/Townhouse              1985.00 DU       199    953   1152      933    516   1449     15880 
             7.  Senior (Active)                    1000.00 DU        80    120    200      160    100    260      3710 
            11.  Commercial Center(10-30a)           150.00 TSF      110     71    181      357    387    744      8109 
            20.  Elementary/Middle School            900.00 STU      234    180    414       72     81    153      1305 
            40.  Commercial Office                   225.00 TSF      349     43    392       47    290    337      2601 
 
                TOTAL                                               1070   1655   2725     1899   1565   3464     36704 
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                                        COMMERCE CENTER (2022) ZONAL LAND USE AND TRIP GENERATION 
 
 
                                                                    -- AM Peak Hour --     -- PM Peak Hour -- 
            Zone       Land Use Type                    Units        In    Out   Total      In    Out   Total       ADT 
          --------------------------------------------------------------------------------------------------------------- 
             41    30.  Industrial Park              730.00 TSF      402     73    475       95    380    475      4380 
                       SUB-TOTAL                                     402     73    475       95    380    475      4380 
 
             42    30.  Industrial Park              275.00 TSF      151     28    179       36    143    179      1650 
                       SUB-TOTAL                                     151     28    179       36    143    179      1650 
 
             43    30.  Industrial Park              273.90 TSF      151     27    178       36    142    178      1643 
                       SUB-TOTAL                                     151     27    178       36    142    178      1643 
 
             45    30.  Industrial Park             1960.20 TSF     1078    196   1274      255   1019   1274     11761 
                       SUB-TOTAL                                    1078    196   1274      255   1019   1274     11761 
 
             46    13.  Commercial Shops              77.00 TSF       55     37     92      139    139    278      2854 
                   30.  Industrial Park              445.80 TSF      245     45    290       58    232    290      2675 
                       SUB-TOTAL                                     300     82    382      197    371    568      5529 
 
             47    30.  Industrial Park             4254.10 TSF     2340    425   2765      553   2212   2765     25525 
                       SUB-TOTAL                                    2340    425   2765      553   2212   2765     25525 
 
             48    30.  Industrial Park              720.00 TSF      396     72    468       94    374    468      4320 
                       SUB-TOTAL                                     396     72    468       94    374    468      4320 
 
             49    30.  Industrial Park              764.30 TSF      420     76    496       99    397    496      4586 
                       SUB-TOTAL                                     420     76    496       99    397    496      4586 
 
             58    30.  Industrial Park             1051.50 TSF      578    105    683      137    547    684      6309 
                       SUB-TOTAL                                     578    105    683      137    547    684      6309 
 
             59    35.  Regional Post Office         764.00 TSF      153    115    268      115    115    230      3820 
                       SUB-TOTAL                                     153    115    268      115    115    230      3820 
 
             60    30.  Industrial Park              411.60 TSF      226     41    267       54    214    268      2470 
                       SUB-TOTAL                                     226     41    267       54    214    268      2470 
 
             61    30.  Industrial Park              744.90 TSF      410     74    484       97    387    484      4469 
                       SUB-TOTAL                                     410     74    484       97    387    484      4469 
 
             62    30.  Industrial Park              627.30 TSF      345     63    408       82    326    408      3764 
                       SUB-TOTAL                                     345     63    408       82    326    408      3764 
 



 

Westside Santa Clarita Valley A-52 Austin-Foust Associates, Inc. 
Roadway Phasing Analysis  105345rptAppxA.doc 

                                    COMMERCE CENTER (2022) LAND USE AND TRIP GENERATION SUMMARY 
 
 
                                                                    -- AM Peak Hour --     -- PM Peak Hour -- 
                Land Use Type                           Units        In    Out   Total      In    Out   Total      ADT 
          --------------------------------------------------------------------------------------------------------------- 
            13.  Commercial Shops                     77.00 TSF       55     37     92      139    139    278      2854 
            30.  Industrial Park                   12258.60 TSF     6742   1225   7967     1596   6373   7969     73552 
            35.  Regional Post Office                764.00 TSF      153    115    268      115    115    230      3820 
 
                TOTAL                                               6950   1377   8327     1850   6627   8477     80226 
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                                         TOTAL (2022) LAND USE AND TRIP GENERATION SUMMARY 
 
 
                                                                    -- AM Peak Hour --     -- PM Peak Hour -- 
                Land Use Type                           Units        In    Out   Total      In    Out   Total      ADT 
          --------------------------------------------------------------------------------------------------------------- 
             2.  Single Family (1-5du/ac)           1101.00 DU       209    616    825      706    408   1114     10901 
             3.  Single Family (6-10du/ac)          2729.00 DU       520   1526   2046     1746   1011   2757     27016 
             4.  Condominium/Townhouse             15153.00 DU      1519   7272   8791     7122   3940  11062    121224 
             5.  Apartment                          1390.00 DU       111    597    708      570    293    863      9592 
             7.  Senior (Active)                    1000.00 DU        80    120    200      160    100    260      3710 
            10.  Commercial Center (>30ac)           800.00 TSF      376    240    616     1312   1424   2736     32048 
            11.  Commercial Center(10-30a)          1204.30 TSF      880    566   1446     2866   3107   5973     65104 
            12.  Commercial Center (<10ac)           133.77 TSF      146     93    239      445    483    928     11378 
            13.  Commercial Shops                    102.50 TSF       74     50    124      185    185    370      3799 
            20.  Elementary/Middle School           4150.00 STU     1079    830   1909      332    374    706      6018 
 
            21.  High School                        1300.00 STU      416    182    598       78    117    195      2327 
            30.  Industrial Park                   12322.48 TSF     6777   1231   8008     1604   6406   8010     73935 
            31.  Business Park                       350.00 TSF      420     81    501      105    347    452      3570 
            34.  Utilities                           100.00 TSF        0      0      0        0      0      0       238 
            35.  Regional Post Office                764.00 TSF      153    115    268      115    115    230      3820 
            40.  Commercial Office                  1765.40 TSF     2738    336   3074      371   2278   2649     20408 
            50.  Golf Course                         180.00 AC        27     11     38       18     36     54      1433 
            51.  Developed Park                       83.30 AC         0      0      0        2      3      5       217 
 
                TOTAL                                              15525  13866  29391    17737  20627  38364    396738 
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                                      LANDMARK VILLAGE (2025) ZONAL LAND USE AND TRIP GENERATION 
 
                                                                    -- AM Peak Hour --     -- PM Peak Hour -- 
            Zone       Land Use Type                    Units        In    Out   Total      In    Out   Total       ADT 
          --------------------------------------------------------------------------------------------------------------- 
            102     3.  Single Family (6-10du/ac)     38.00 DU         7     21     28       24     14     38       376 
                    4.  Condominium/Townhouse        305.00 DU        31    146    177      143     79    222      2440 
                    5.  Apartment                    155.00 DU        12     67     79       64     33     97      1070 
                   12.  Commercial Center (<10ac)     10.50 TSF       11      7     18       35     38     73       893 
                   40.  Commercial Office              9.50 TSF       15      2     17        2     12     14       110 
                       SUB-TOTAL                                      76    243    319      268    176    444      4889 
 
            103     3.  Single Family (6-10du/ac)     95.00 DU        18     53     71       61     35     96       940 
                    4.  Condominium/Townhouse        169.00 DU        17     81     98       79     44    123      1352 
                   12.  Commercial Center (<10ac)     38.50 TSF       42     27     69      128    139    267      3275 
                   13.  Commercial Shops               9.50 TSF        7      5     12       17     17     34       352 
                   20.  Elementary/Middle School     750.00 STU      195    150    345       60     68    128      1088 
                   51.  Developed Park                16.10 AC         0      0      0        0      1      1        42 
                       SUB-TOTAL                                     279    316    595      345    304    649      7049 
 
            104     3.  Single Family (6-10du/ac)    175.00 DU        33     98    131      112     65    177      1732 
                    4.  Condominium/Townhouse        211.00 DU        21    101    122       99     55    154      1688 
                    5.  Apartment                    152.00 DU        12     65     77       62     32     94      1049 
                   11.  Commercial Center(10-30a)    252.00 TSF      184    118    302      600    650   1250     13623 
                   40.  Commercial Office            370.00 TSF      574     70    644       78    477    555      4277 
                       SUB-TOTAL                                     824    452   1276      951   1279   2230     22369 
 
            105     5.  Apartment                    144.00 DU        12     62     74       59     30     89       994 
                   12.  Commercial Center (<10ac)     27.10 TSF       30     19     49       90     98    188      2305 
                   40.  Commercial Office            315.90 TSF      490     60    550       66    408    474      3652 
                       SUB-TOTAL                                     532    141    673      215    536    751      6951 
 
 
                                  LANDMARK VILLAGE (2025) LAND USE AND TRIP GENERATION SUMMARY 
 
                                                                    -- AM Peak Hour --     -- PM Peak Hour -- 
                Land Use Type                           Units        In    Out   Total      In    Out   Total      ADT 
          --------------------------------------------------------------------------------------------------------------- 
             3.  Single Family (6-10du/ac)           308.00 DU        58    172    230      197    114    311      3048 
             4.  Condominium/Townhouse               685.00 DU        69    328    397      321    178    499      5480 
             5.  Apartment                           451.00 DU        36    194    230      185     95    280      3113 
            11.  Commercial Center(10-30a)           252.00 TSF      184    118    302      600    650   1250     13623 
            12.  Commercial Center (<10ac)            76.10 TSF       83     53    136      253    275    528      6473 
            13.  Commercial Shops                      9.50 TSF        7      5     12       17     17     34       352 
            20.  Elementary/Middle School            750.00 STU      195    150    345       60     68    128      1088 
            40.  Commercial Office                   695.40 TSF     1079    132   1211      146    897   1043      8039 
            51.  Developed Park                       16.10 AC         0      0      0        0      1      1        42 
 
                TOTAL                                               1711   1152   2863     1779   2295   4074     41258 
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                                        MISSION VILLAGE (2025) ZONAL LAND USE AND TRIP GENERATION 
 
 
                                                                    -- AM Peak Hour --     -- PM Peak Hour -- 
            Zone       Land Use Type                    Units        In    Out   Total      In    Out   Total       ADT 
          --------------------------------------------------------------------------------------------------------------- 
             96     2.  Single Family (1-5du/ac)     123.00 DU        23     69     92       79     46    125      1218 
                    4.  Condominium/Townhouse        881.00 DU        88    423    511      414    229    643      7048 
                       SUB-TOTAL                                     111    492    603      493    275    768      8266 
 
             98    12.  Commercial Center (<10ac)      6.20 TSF        7      4     11       21     22     43       527 
                   31.  Business Park                691.50 TSF      830    159    989      207    685    892      7053 
                       SUB-TOTAL                                     837    163   1000      228    707    935      7580 
 
             99     4.  Condominium/Townhouse        470.00 DU        47    226    273      221    122    343      3760 
                   51.  Developed Park                20.20 AC         0      0      0        1      1      2        53 
                       SUB-TOTAL                                      47    226    273      222    123    345      3813 
 
            100    12.  Commercial Center (<10ac)     23.00 TSF       25     16     41       76     83    159      1956 
                   40.  Commercial Office            220.00 TSF      341     42    383       46    284    330      2543 
                       SUB-TOTAL                                     366     58    424      122    367    489      4499 
 
            120     4.  Condominium/Townhouse       2425.00 DU       243   1164   1407     1140    631   1771     19400 
                   11.  Commercial Center(10-30a)    267.30 TSF      195    126    321      636    690   1326     14450 
                   13.  Commercial Shops              16.00 TSF       12      8     20       29     29     58       593 
                   20.  Elementary/Middle School     900.00 STU      234    180    414       72     81    153      1305 
                   40.  Commercial Office             75.00 TSF      116     14    130       16     97    113       867 
                   51.  Developed Park                 8.40 AC         0      0      0        0      0      0        22 
                       SUB-TOTAL                                     800   1492   2292     1893   1528   3421     36637 
 
            121     2.  Single Family (1-5du/ac)     168.00 DU        32     94    126      108     62    170      1663 
                    4.  Condominium/Townhouse        418.00 DU        42    201    243      196    109    305      3344 
                       SUB-TOTAL                                      74    295    369      304    171    475      5007 
 
            122     4.  Condominium/Townhouse        176.00 DU        18     84    102       83     46    129      1408 
                       SUB-TOTAL                                      18     84    102       83     46    129      1408 
 
            142     4.  Condominium/Townhouse        670.00 DU        67    322    389      315    174    489      5360 
                       SUB-TOTAL                                      67    322    389      315    174    489      5360 
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                                    MISSION VILLAGE (2025) LAND USE AND TRIP GENERATION SUMMARY 
 
 
                                                                    -- AM Peak Hour --     -- PM Peak Hour -- 
                Land Use Type                           Units        In    Out   Total      In    Out   Total      ADT 
          --------------------------------------------------------------------------------------------------------------- 
             2.  Single Family (1-5du/ac)            291.00 DU        55    163    218      187    108    295      2881 
             4.  Condominium/Townhouse              5040.00 DU       505   2420   2925     2369   1311   3680     40320 
            11.  Commercial Center(10-30a)           267.30 TSF      195    126    321      636    690   1326     14450 
            12.  Commercial Center (<10ac)            29.20 TSF       32     20     52       97    105    202      2483 
            13.  Commercial Shops                     16.00 TSF       12      8     20       29     29     58       593 
            20.  Elementary/Middle School            900.00 STU      234    180    414       72     81    153      1305 
            31.  Business Park                       691.50 TSF      830    159    989      207    685    892      7053 
            40.  Commercial Office                   295.00 TSF      457     56    513       62    381    443      3410 
            51.  Developed Park                       28.60 AC         0      0      0        1      1      2        75 
 
                TOTAL                                               2320   3132   5452     3660   3391   7051     72570 
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                                      HOMESTEAD S/O RIVER (2025) ZONAL LAND USE AND TRIP GENERATION 
 
 
                                                                    -- AM Peak Hour --     -- PM Peak Hour -- 
            Zone       Land Use Type                    Units        In    Out   Total      In    Out   Total       ADT 
          --------------------------------------------------------------------------------------------------------------- 
            107     2.  Single Family (1-5du/ac)     461.00 DU        88    258    346      295    171    466      4564 
                    4.  Condominium/Townhouse        326.00 DU        33    156    189      153     85    238      2608 
                   20.  Elementary/Middle School    1000.00 STU      260    200    460       80     90    170      1450 
                   21.  High School                 2000.00 STU      640    280    920      120    180    300      3580 
                   51.  Developed Park                20.50 AC         0      0      0        1      1      2        53 
                       SUB-TOTAL                                    1021    894   1915      649    527   1176     12255 
 
            108     4.  Condominium/Townhouse       2189.00 DU       219   1051   1270     1029    569   1598     17512 
                   20.  Elementary/Middle School     900.00 STU      234    180    414       72     81    153      1305 
                   51.  Developed Park                 8.70 AC         0      0      0        0      0      0        23 
                       SUB-TOTAL                                     453   1231   1684     1101    650   1751     18840 
 
            109     3.  Single Family (6-10du/ac)     38.00 DU         7     21     28       24     14     38       376 
                       SUB-TOTAL                                       7     21     28       24     14     38       376 
 
            110     2.  Single Family (1-5du/ac)     184.00 DU        35    103    138      118     68    186      1822 
                    4.  Condominium/Townhouse        548.00 DU        55    263    318      258    142    400      4384 
                   20.  Elementary/Middle School     900.00 STU      234    180    414       72     81    153      1305 
                   51.  Developed Park                 9.40 AC         0      0      0        0      0      0        24 
                       SUB-TOTAL                                     324    546    870      448    291    739      7535 
 
            118     4.  Condominium/Townhouse        161.00 DU        16     77     93       76     42    118      1288 
                       SUB-TOTAL                                      16     77     93       76     42    118      1288 
 
 
                                 HOMESTEAD S/O RIVER (2025) LAND USE AND TRIP GENERATION SUMMARY 
 
 
                                                                    -- AM Peak Hour --     -- PM Peak Hour -- 
                Land Use Type                           Units        In    Out   Total      In    Out   Total      ADT 
          --------------------------------------------------------------------------------------------------------------- 
             2.  Single Family (1-5du/ac)            645.00 DU       123    361    484      413    239    652      6386 
             3.  Single Family (6-10du/ac)            38.00 DU         7     21     28       24     14     38       376 
             4.  Condominium/Townhouse              3224.00 DU       323   1547   1870     1516    838   2354     25792 
            20.  Elementary/Middle School           2800.00 STU      728    560   1288      224    252    476      4060 
            21.  High School                        2000.00 STU      640    280    920      120    180    300      3580 
            51.  Developed Park                       38.60 AC         0      0      0        1      1      2       100 
 
                TOTAL                                               1821   2769   4590     2298   1524   3822     40294 
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                                      HOMESTEAD N/O RIVER (2025) ZONAL LAND USE AND TRIP GENERATION 
 
 
                                                                    -- AM Peak Hour --     -- PM Peak Hour -- 
            Zone       Land Use Type                    Units        In    Out   Total      In    Out   Total       ADT 
          --------------------------------------------------------------------------------------------------------------- 
             54     3.  Single Family (6-10du/ac)     62.00 DU        12     35     47       40     23     63       614 
                    4.  Condominium/Townhouse        589.00 DU        59    283    342      277    153    430      4712 
                       SUB-TOTAL                                      71    318    389      317    176    493      5326 
 
             55     3.  Single Family (6-10du/ac)    164.00 DU        31     92    123      105     61    166      1624 
                    4.  Condominium/Townhouse        922.00 DU        92    443    535      433    240    673      7376 
                   51.  Developed Park                 5.80 AC         0      0      0        0      0      0        15 
                       SUB-TOTAL                                     123    535    658      538    301    839      9015 
 
             56     2.  Single Family (1-5du/ac)      19.00 DU         4     11     15       12      7     19       188 
                    4.  Condominium/Townhouse         23.00 DU         2     11     13       11      6     17       184 
                       SUB-TOTAL                                       6     22     28       23     13     36       372 
 
             57    12.  Commercial Center (<10ac)     55.40 TSF       60     38     98      184    199    383      4712 
                   31.  Business Park                439.60 TSF      528    101    629      132    435    567      4484 
                   40.  Commercial Office            105.00 TSF      163     20    183       22    135    157      1214 
                       SUB-TOTAL                                     751    159    910      338    769   1107     10410 
 
 
                                 HOMESTEAD N/O RIVER (2025) LAND USE AND TRIP GENERATION SUMMARY 
 
 
                                                                    -- AM Peak Hour --     -- PM Peak Hour -- 
                Land Use Type                           Units        In    Out   Total      In    Out   Total      ADT 
          --------------------------------------------------------------------------------------------------------------- 
             2.  Single Family (1-5du/ac)             19.00 DU         4     11     15       12      7     19       188 
             3.  Single Family (6-10du/ac)           226.00 DU        43    127    170      145     84    229      2238 
             4.  Condominium/Townhouse              1534.00 DU       153    737    890      721    399   1120     12272 
            12.  Commercial Center (<10ac)            55.40 TSF       60     38     98      184    199    383      4712 
            31.  Business Park                       439.60 TSF      528    101    629      132    435    567      4484 
            40.  Commercial Office                   105.00 TSF      163     20    183       22    135    157      1214 
            51.  Developed Park                        5.80 AC         0      0      0        0      0      0        15 
 
                TOTAL                                                951   1034   1985     1216   1259   2475     25123 
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                                        POTRERO VILLAGE (2025) ZONAL LAND USE AND TRIP GENERATION 
 
 
                                                                    -- AM Peak Hour --     -- PM Peak Hour -- 
            Zone       Land Use Type                    Units        In    Out   Total      In    Out   Total       ADT 
          --------------------------------------------------------------------------------------------------------------- 
            111    34.  Utilities                    100.00 TSF        0      0      0        0      0      0       238 
                       SUB-TOTAL                                       0      0      0        0      0      0       238 
 
            112     2.  Single Family (1-5du/ac)      90.00 DU        17     50     67       58     33     91       891 
                    3.  Single Family (6-10du/ac)    156.00 DU        30     87    117      100     58    158      1544 
                   50.  Golf Course                  180.00 AC        27     11     38       18     36     54      1433 
                       SUB-TOTAL                                      74    148    222      176    127    303      3868 
 
            115     3.  Single Family (6-10du/ac)    603.00 DU       115    338    453      386    223    609      5970 
                       SUB-TOTAL                                     115    338    453      386    223    609      5970 
 
            116     4.  Condominium/Townhouse       1000.00 DU       100    480    580      470    260    730      8000 
                   11.  Commercial Center(10-30a)    400.00 TSF      292    188    480      952   1032   1984     21624 
                       SUB-TOTAL                                     392    668   1060     1422   1292   2714     29624 
 
            117     4.  Condominium/Townhouse       1000.00 DU       100    480    580      470    260    730      8000 
                   11.  Commercial Center(10-30a)    400.00 TSF      292    188    480      952   1032   1984     21624 
                       SUB-TOTAL                                     392    668   1060     1422   1292   2714     29624 
 
            119     5.  Apartment                   1022.00 DU        82    439    521      419    215    634      7052 
                       SUB-TOTAL                                      82    439    521      419    215    634      7052 
 
            127     4.  Condominium/Townhouse        888.00 DU        89    426    515      417    231    648      7104 
                       SUB-TOTAL                                      89    426    515      417    231    648      7104 
 
            128     3.  Single Family (6-10du/ac)    450.00 DU        86    252    338      288    167    455      4455 
                       SUB-TOTAL                                      86    252    338      288    167    455      4455 
 
            129     3.  Single Family (6-10du/ac)    177.00 DU        34     99    133      113     65    178      1752 
                       SUB-TOTAL                                      34     99    133      113     65    178      1752 
 
            153     3.  Single Family (6-10du/ac)    424.00 DU        81    237    318      271    157    428      4198 
                       SUB-TOTAL                                      81    237    318      271    157    428      4198 
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                                    POTRERO VILLAGE (2025) LAND USE AND TRIP GENERATION SUMMARY 
 
 
                                                                    -- AM Peak Hour --     -- PM Peak Hour -- 
                Land Use Type                           Units        In    Out   Total      In    Out   Total      ADT 
          --------------------------------------------------------------------------------------------------------------- 
             2.  Single Family (1-5du/ac)             90.00 DU        17     50     67       58     33     91       891 
             3.  Single Family (6-10du/ac)          1810.00 DU       346   1013   1359     1158    670   1828     17919 
             4.  Condominium/Townhouse              2888.00 DU       289   1386   1675     1357    751   2108     23104 
             5.  Apartment                          1022.00 DU        82    439    521      419    215    634      7052 
            11.  Commercial Center(10-30a)           800.00 TSF      584    376    960     1904   2064   3968     43248 
            34.  Utilities                           100.00 TSF        0      0      0        0      0      0       238 
            50.  Golf Course                         180.00 AC        27     11     38       18     36     54      1433 
 
                TOTAL                                               1345   3275   4620     4914   3769   8683     93885 
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                                            ENTRADA (2025) ZONAL LAND USE AND TRIP GENERATION 
 
 
                                                                    -- AM Peak Hour --     -- PM Peak Hour -- 
            Zone       Land Use Type                    Units        In    Out   Total      In    Out   Total       ADT 
          --------------------------------------------------------------------------------------------------------------- 
             90     5.  Apartment                    408.00 DU        33    175    208      167     86    253      2815 
                   10.  Commercial Center (>30ac)    300.00 TSF      141     90    231      492    534   1026     12018 
                   11.  Commercial Center(10-30a)    135.00 TSF       99     63    162      321    348    669      7298 
                   30.  Industrial Park              263.88 TSF      145     26    171       34    137    171      1583 
                   40.  Commercial Office            400.00 TSF      620     76    696       84    516    600      4624 
                       SUB-TOTAL                                    1038    430   1468     1098   1621   2719     28338 
 
             92     4.  Condominium/Townhouse       1000.00 DU       100    480    580      470    260    730      8000 
                   10.  Commercial Center (>30ac)    550.00 TSF      259    165    424      902    979   1881     22033 
                   14.  Hotel                        300.00 ROOM     102     66    168       96     87    183      2469 
                   40.  Commercial Office            300.00 TSF      465     57    522       63    387    450      3468 
                       SUB-TOTAL                                     926    768   1694     1531   1713   3244     35970 
 
            101    10.  Commercial Center (>30ac)    388.30 TSF      183    116    299      637    691   1328     15555 
                       SUB-TOTAL                                     183    116    299      637    691   1328     15555 
 
            140     3.  Single Family (6-10du/ac)    572.00 DU       109    320    429      366    212    578      5663 
                    4.  Condominium/Townhouse       1250.00 DU       125    600    725      588    325    913     10000 
                   12.  Commercial Center (<10ac)     28.48 TSF       31     20     51       95    103    198      2422 
                       SUB-TOTAL                                     265    940   1205     1049    640   1689     18085 
 
 
                                       ENTRADA (2025) LAND USE AND TRIP GENERATION SUMMARY 
 
 
                                                                    -- AM Peak Hour --     -- PM Peak Hour -- 
                Land Use Type                           Units        In    Out   Total      In    Out   Total      ADT 
          --------------------------------------------------------------------------------------------------------------- 
             3.  Single Family (6-10du/ac)           572.00 DU       109    320    429      366    212    578      5663 
             4.  Condominium/Townhouse              2250.00 DU       225   1080   1305     1058    585   1643     18000 
             5.  Apartment                           408.00 DU        33    175    208      167     86    253      2815 
            10.  Commercial Center (>30ac)          1238.30 TSF      583    371    954     2031   2204   4235     49606 
            11.  Commercial Center(10-30a)           135.00 TSF       99     63    162      321    348    669      7298 
            12.  Commercial Center (<10ac)            28.48 TSF       31     20     51       95    103    198      2422 
            14.  Hotel                               300.00 ROOM     102     66    168       96     87    183      2469 
            30.  Industrial Park                     263.88 TSF      145     26    171       34    137    171      1583 
            40.  Commercial Office                   700.00 TSF     1085    133   1218      147    903   1050      8092 
 
                TOTAL                                               2412   2254   4666     4315   4665   8980     97948 
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                                         LEGACY VILLAGE (2025) ZONAL LAND USE AND TRIP GENERATION 
 
 
                                                                    -- AM Peak Hour --     -- PM Peak Hour -- 
            Zone       Land Use Type                    Units        In    Out   Total      In    Out   Total       ADT 
          --------------------------------------------------------------------------------------------------------------- 
            123     3.  Single Family (6-10du/ac)    440.00 DU        84    246    330      282    163    445      4356 
                       SUB-TOTAL                                      84    246    330      282    163    445      4356 
 
            124     7.  Senior (Active)             1000.00 DU        80    120    200      160    100    260      3710 
                       SUB-TOTAL                                      80    120    200      160    100    260      3710 
 
            126     4.  Condominium/Townhouse        585.00 DU        59    281    340      275    152    427      4680 
                   11.  Commercial Center(10-30a)    150.00 TSF      110     71    181      357    387    744      8109 
                   40.  Commercial Office            225.00 TSF      349     43    392       47    290    337      2601 
                       SUB-TOTAL                                     518    395    913      679    829   1508     15390 
 
            131     4.  Condominium/Townhouse       1400.00 DU       140    672    812      658    364   1022     11200 
                   20.  Elementary/Middle School     900.00 STU      234    180    414       72     81    153      1305 
                       SUB-TOTAL                                     374    852   1226      730    445   1175     12505 
 
            151     2.  Single Family (1-5du/ac)      75.00 DU        14     42     56       48     28     76       743 
                       SUB-TOTAL                                      14     42     56       48     28     76       743 
 
 
                                    LEGACY VILLAGE (2025) LAND USE AND TRIP GENERATION SUMMARY 
 
 
                                                                    -- AM Peak Hour --     -- PM Peak Hour -- 
                Land Use Type                           Units        In    Out   Total      In    Out   Total      ADT 
          --------------------------------------------------------------------------------------------------------------- 
             2.  Single Family (1-5du/ac)             75.00 DU        14     42     56       48     28     76       743 
             3.  Single Family (6-10du/ac)           440.00 DU        84    246    330      282    163    445      4356 
             4.  Condominium/Townhouse              1985.00 DU       199    953   1152      933    516   1449     15880 
             7.  Senior (Active)                    1000.00 DU        80    120    200      160    100    260      3710 
            11.  Commercial Center(10-30a)           150.00 TSF      110     71    181      357    387    744      8109 
            20.  Elementary/Middle School            900.00 STU      234    180    414       72     81    153      1305 
            40.  Commercial Office                   225.00 TSF      349     43    392       47    290    337      2601 
 
                TOTAL                                               1070   1655   2725     1899   1565   3464     36704 
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                                        COMMERCE CENTER (2025) ZONAL LAND USE AND TRIP GENERATION 
 
 
                                                                    -- AM Peak Hour --     -- PM Peak Hour -- 
            Zone       Land Use Type                    Units        In    Out   Total      In    Out   Total       ADT 
          --------------------------------------------------------------------------------------------------------------- 
             41    30.  Industrial Park              730.00 TSF      402     73    475       95    380    475      4380 
                       SUB-TOTAL                                     402     73    475       95    380    475      4380 
 
             42    30.  Industrial Park              275.00 TSF      151     28    179       36    143    179      1650 
                       SUB-TOTAL                                     151     28    179       36    143    179      1650 
 
             43    30.  Industrial Park              273.90 TSF      151     27    178       36    142    178      1643 
                       SUB-TOTAL                                     151     27    178       36    142    178      1643 
 
             45    30.  Industrial Park             1960.20 TSF     1078    196   1274      255   1019   1274     11761 
                       SUB-TOTAL                                    1078    196   1274      255   1019   1274     11761 
 
             46    13.  Commercial Shops              77.00 TSF       55     37     92      139    139    278      2854 
                   30.  Industrial Park              445.80 TSF      245     45    290       58    232    290      2675 
                       SUB-TOTAL                                     300     82    382      197    371    568      5529 
 
             47    30.  Industrial Park             4254.10 TSF     2340    425   2765      553   2212   2765     25525 
                       SUB-TOTAL                                    2340    425   2765      553   2212   2765     25525 
 
             48    30.  Industrial Park              720.00 TSF      396     72    468       94    374    468      4320 
                       SUB-TOTAL                                     396     72    468       94    374    468      4320 
 
             49    30.  Industrial Park              764.30 TSF      420     76    496       99    397    496      4586 
                       SUB-TOTAL                                     420     76    496       99    397    496      4586 
 
             58    30.  Industrial Park             1051.50 TSF      578    105    683      137    547    684      6309 
                       SUB-TOTAL                                     578    105    683      137    547    684      6309 
 
             59    35.  Regional Post Office         764.00 TSF      153    115    268      115    115    230      3820 
                       SUB-TOTAL                                     153    115    268      115    115    230      3820 
 
             60    30.  Industrial Park              411.60 TSF      226     41    267       54    214    268      2470 
                       SUB-TOTAL                                     226     41    267       54    214    268      2470 
 
             61    30.  Industrial Park              744.90 TSF      410     74    484       97    387    484      4469 
                       SUB-TOTAL                                     410     74    484       97    387    484      4469 
 
             62    30.  Industrial Park              627.30 TSF      345     63    408       82    326    408      3764 
                       SUB-TOTAL                                     345     63    408       82    326    408      3764 
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                                    COMMERCE CENTER (2025) LAND USE AND TRIP GENERATION SUMMARY 
 
 
                                                                    -- AM Peak Hour --     -- PM Peak Hour -- 
                Land Use Type                           Units        In    Out   Total      In    Out   Total      ADT 
          --------------------------------------------------------------------------------------------------------------- 
            13.  Commercial Shops                     77.00 TSF       55     37     92      139    139    278      2854 
            30.  Industrial Park                   12258.60 TSF     6742   1225   7967     1596   6373   7969     73552 
            35.  Regional Post Office                764.00 TSF      153    115    268      115    115    230      3820 
 
                TOTAL                                               6950   1377   8327     1850   6627   8477     80226 
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                                         TOTAL (2025) LAND USE AND TRIP GENERATION SUMMARY 
 
 
                                                                    -- AM Peak Hour --     -- PM Peak Hour -- 
                Land Use Type                           Units        In    Out   Total      In    Out   Total      ADT 
          --------------------------------------------------------------------------------------------------------------- 
             2.  Single Family (1-5du/ac)           1120.00 DU       213    627    840      718    415   1133     11089 
             3.  Single Family (6-10du/ac)          3394.00 DU       647   1899   2546     2172   1257   3429     33600 
             4.  Condominium/Townhouse             17606.00 DU      1763   8451  10214     8275   4578  12853    140848 
             5.  Apartment                          1881.00 DU       151    808    959      771    396   1167     12980 
             7.  Senior (Active)                    1000.00 DU        80    120    200      160    100    260      3710 
            10.  Commercial Center (>30ac)          1238.30 TSF      583    371    954     2031   2204   4235     49606 
            11.  Commercial Center(10-30a)          1604.30 TSF     1172    754   1926     3818   4139   7957     86728 
            12.  Commercial Center (<10ac)           189.18 TSF      206    131    337      629    682   1311     16090 
            13.  Commercial Shops                    102.50 TSF       74     50    124      185    185    370      3799 
            14.  Hotel                               300.00 ROOM     102     66    168       96     87    183      2469 
 
            20.  Elementary/Middle School           5350.00 STU     1391   1070   2461      428    482    910      7758 
            21.  High School                        2000.00 STU      640    280    920      120    180    300      3580 
            30.  Industrial Park                   12522.48 TSF     6887   1251   8138     1630   6510   8140     75135 
            31.  Business Park                      1131.10 TSF     1358    260   1618      339   1120   1459     11537 
            34.  Utilities                           100.00 TSF        0      0      0        0      0      0       238 
            35.  Regional Post Office                764.00 TSF      153    115    268      115    115    230      3820 
            40.  Commercial Office                  2020.40 TSF     3133    384   3517      424   2606   3030     23356 
            50.  Golf Course                         180.00 AC        27     11     38       18     36     54      1433 
            51.  Developed Park                       89.10 AC         0      0      0        2      3      5       232 
 
                TOTAL                                              18580  16648  35228    21931  25095  47026    488008 
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LAND USE AND TRIP GENERATION BY PLANNING AREA 

 

h. Year 2030 (Buildout) 



 

Westside Santa Clarita Valley A-68 Austin-Foust Associates, Inc. 
Roadway Phasing Analysis  105345rptAppxA.doc 

                                      LANDMARK VILLAGE (2030) ZONAL LAND USE AND TRIP GENERATION 
 
                                                                    -- AM Peak Hour --     -- PM Peak Hour -- 
            Zone       Land Use Type                    Units        In    Out   Total      In    Out   Total       ADT 
          --------------------------------------------------------------------------------------------------------------- 
            102     3.  Single Family (6-10du/ac)     38.00 DU         7     21     28       24     14     38       376 
                    4.  Condominium/Townhouse        305.00 DU        31    146    177      143     79    222      2440 
                    5.  Apartment                    155.00 DU        12     67     79       64     33     97      1070 
                   12.  Commercial Center (<10ac)     10.50 TSF       11      7     18       35     38     73       893 
                   40.  Commercial Office              9.50 TSF       15      2     17        2     12     14       110 
                       SUB-TOTAL                                      76    243    319      268    176    444      4889 
 
            103     3.  Single Family (6-10du/ac)     95.00 DU        18     53     71       61     35     96       940 
                    4.  Condominium/Townhouse        169.00 DU        17     81     98       79     44    123      1352 
                   12.  Commercial Center (<10ac)     38.50 TSF       42     27     69      128    139    267      3275 
                   13.  Commercial Shops               9.50 TSF        7      5     12       17     17     34       352 
                   20.  Elementary/Middle School     750.00 STU      195    150    345       60     68    128      1088 
                   51.  Developed Park                16.10 AC         0      0      0        0      1      1        42 
                       SUB-TOTAL                                     279    316    595      345    304    649      7049 
 
            104     3.  Single Family (6-10du/ac)    175.00 DU        33     98    131      112     65    177      1732 
                    4.  Condominium/Townhouse        211.00 DU        21    101    122       99     55    154      1688 
                    5.  Apartment                    152.00 DU        12     65     77       62     32     94      1049 
                   11.  Commercial Center(10-30a)    252.00 TSF      184    118    302      600    650   1250     13623 
                   40.  Commercial Office            370.00 TSF      574     70    644       78    477    555      4277 
                       SUB-TOTAL                                     824    452   1276      951   1279   2230     22369 
 
            105     5.  Apartment                    144.00 DU        12     62     74       59     30     89       994 
                   12.  Commercial Center (<10ac)     27.10 TSF       30     19     49       90     98    188      2305 
                   40.  Commercial Office            315.90 TSF      490     60    550       66    408    474      3652 
                       SUB-TOTAL                                     532    141    673      215    536    751      6951 
 
 
                                  LANDMARK VILLAGE (2030) LAND USE AND TRIP GENERATION SUMMARY 
 
                                                                    -- AM Peak Hour --     -- PM Peak Hour -- 
                Land Use Type                           Units        In    Out   Total      In    Out   Total      ADT 
          --------------------------------------------------------------------------------------------------------------- 
             3.  Single Family (6-10du/ac)           308.00 DU        58    172    230      197    114    311      3048 
             4.  Condominium/Townhouse               685.00 DU        69    328    397      321    178    499      5480 
             5.  Apartment                           451.00 DU        36    194    230      185     95    280      3113 
            11.  Commercial Center(10-30a)           252.00 TSF      184    118    302      600    650   1250     13623 
            12.  Commercial Center (<10ac)            76.10 TSF       83     53    136      253    275    528      6473 
            13.  Commercial Shops                      9.50 TSF        7      5     12       17     17     34       352 
            20.  Elementary/Middle School            750.00 STU      195    150    345       60     68    128      1088 
            40.  Commercial Office                   695.40 TSF     1079    132   1211      146    897   1043      8039 
            51.  Developed Park                       16.10 AC         0      0      0        0      1      1        42 
 
                TOTAL                                               1711   1152   2863     1779   2295   4074     41258 
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                                        MISSION VILLAGE (2030) ZONAL LAND USE AND TRIP GENERATION 
 
 
                                                                    -- AM Peak Hour --     -- PM Peak Hour -- 
            Zone       Land Use Type                    Units        In    Out   Total      In    Out   Total       ADT 
          --------------------------------------------------------------------------------------------------------------- 
             96     2.  Single Family (1-5du/ac)     123.00 DU        23     69     92       79     46    125      1218 
                    4.  Condominium/Townhouse        881.00 DU        88    423    511      414    229    643      7048 
                       SUB-TOTAL                                     111    492    603      493    275    768      8266 
 
             98    12.  Commercial Center (<10ac)      6.20 TSF        7      4     11       21     22     43       527 
                   31.  Business Park                691.50 TSF      830    159    989      207    685    892      7053 
                       SUB-TOTAL                                     837    163   1000      228    707    935      7580 
 
             99     4.  Condominium/Townhouse        470.00 DU        47    226    273      221    122    343      3760 
                   51.  Developed Park                20.20 AC         0      0      0        1      1      2        53 
                       SUB-TOTAL                                      47    226    273      222    123    345      3813 
 
            100    12.  Commercial Center (<10ac)     23.00 TSF       25     16     41       76     83    159      1956 
                   40.  Commercial Office            220.00 TSF      341     42    383       46    284    330      2543 
                       SUB-TOTAL                                     366     58    424      122    367    489      4499 
 
            120     4.  Condominium/Townhouse       2425.00 DU       243   1164   1407     1140    631   1771     19400 
                   11.  Commercial Center(10-30a)    267.30 TSF      195    126    321      636    690   1326     14450 
                   13.  Commercial Shops              16.00 TSF       12      8     20       29     29     58       593 
                   20.  Elementary/Middle School     900.00 STU      234    180    414       72     81    153      1305 
                   40.  Commercial Office             75.00 TSF      116     14    130       16     97    113       867 
                   51.  Developed Park                 8.40 AC         0      0      0        0      0      0        22 
                       SUB-TOTAL                                     800   1492   2292     1893   1528   3421     36637 
 
            121     2.  Single Family (1-5du/ac)     168.00 DU        32     94    126      108     62    170      1663 
                    4.  Condominium/Townhouse        418.00 DU        42    201    243      196    109    305      3344 
                       SUB-TOTAL                                      74    295    369      304    171    475      5007 
 
            122     4.  Condominium/Townhouse        176.00 DU        18     84    102       83     46    129      1408 
                       SUB-TOTAL                                      18     84    102       83     46    129      1408 
 
            142     4.  Condominium/Townhouse        670.00 DU        67    322    389      315    174    489      5360 
                       SUB-TOTAL                                      67    322    389      315    174    489      5360 
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                                    MISSION VILLAGE (2030) LAND USE AND TRIP GENERATION SUMMARY 
 
 
                                                                    -- AM Peak Hour --     -- PM Peak Hour -- 
                Land Use Type                           Units        In    Out   Total      In    Out   Total      ADT 
          --------------------------------------------------------------------------------------------------------------- 
             2.  Single Family (1-5du/ac)            291.00 DU        55    163    218      187    108    295      2881 
             4.  Condominium/Townhouse              5040.00 DU       505   2420   2925     2369   1311   3680     40320 
            11.  Commercial Center(10-30a)           267.30 TSF      195    126    321      636    690   1326     14450 
            12.  Commercial Center (<10ac)            29.20 TSF       32     20     52       97    105    202      2483 
            13.  Commercial Shops                     16.00 TSF       12      8     20       29     29     58       593 
            20.  Elementary/Middle School            900.00 STU      234    180    414       72     81    153      1305 
            31.  Business Park                       691.50 TSF      830    159    989      207    685    892      7053 
            40.  Commercial Office                   295.00 TSF      457     56    513       62    381    443      3410 
            51.  Developed Park                       28.60 AC         0      0      0        1      1      2        75 
 
                TOTAL                                               2320   3132   5452     3660   3391   7051     72570 
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                                      HOMESTEAD S/O RIVER (2030) ZONAL LAND USE AND TRIP GENERATION 
 
 
                                                                    -- AM Peak Hour --     -- PM Peak Hour -- 
            Zone       Land Use Type                    Units        In    Out   Total      In    Out   Total       ADT 
          --------------------------------------------------------------------------------------------------------------- 
            107     2.  Single Family (1-5du/ac)     461.00 DU        88    258    346      295    171    466      4564 
                    4.  Condominium/Townhouse        326.00 DU        33    156    189      153     85    238      2608 
                   20.  Elementary/Middle School    1200.00 STU      312    240    552       96    108    204      1740 
                   21.  High School                 2400.00 STU      768    336   1104      144    216    360      4296 
                   51.  Developed Park                20.50 AC         0      0      0        1      1      2        53 
                       SUB-TOTAL                                    1201    990   2191      689    581   1270     13261 
 
            108     4.  Condominium/Townhouse       2189.00 DU       219   1051   1270     1029    569   1598     17512 
                   20.  Elementary/Middle School     900.00 STU      234    180    414       72     81    153      1305 
                   51.  Developed Park                 8.70 AC         0      0      0        0      0      0        23 
                       SUB-TOTAL                                     453   1231   1684     1101    650   1751     18840 
 
            109     3.  Single Family (6-10du/ac)     38.00 DU         7     21     28       24     14     38       376 
                       SUB-TOTAL                                       7     21     28       24     14     38       376 
 
            110     2.  Single Family (1-5du/ac)     184.00 DU        35    103    138      118     68    186      1822 
                    4.  Condominium/Townhouse        548.00 DU        55    263    318      258    142    400      4384 
                   20.  Elementary/Middle School     900.00 STU      234    180    414       72     81    153      1305 
                   51.  Developed Park                 9.40 AC         0      0      0        0      0      0        24 
                       SUB-TOTAL                                     324    546    870      448    291    739      7535 
 
            118     4.  Condominium/Townhouse        161.00 DU        16     77     93       76     42    118      1288 
                       SUB-TOTAL                                      16     77     93       76     42    118      1288 
 
 
                                 HOMESTEAD S/O RIVER (2030) LAND USE AND TRIP GENERATION SUMMARY 
 
 
                                                                    -- AM Peak Hour --     -- PM Peak Hour -- 
                Land Use Type                           Units        In    Out   Total      In    Out   Total      ADT 
          --------------------------------------------------------------------------------------------------------------- 
             2.  Single Family (1-5du/ac)            645.00 DU       123    361    484      413    239    652      6386 
             3.  Single Family (6-10du/ac)            38.00 DU         7     21     28       24     14     38       376 
             4.  Condominium/Townhouse              3224.00 DU       323   1547   1870     1516    838   2354     25792 
            20.  Elementary/Middle School           3000.00 STU      780    600   1380      240    270    510      4350 
            21.  High School                        2400.00 STU      768    336   1104      144    216    360      4296 
            51.  Developed Park                       38.60 AC         0      0      0        1      1      2       100 
 
                TOTAL                                               2001   2865   4866     2338   1578   3916     41300 
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                                      HOMESTEAD N/O RIVER (2030) ZONAL LAND USE AND TRIP GENERATION 
 
 
                                                                    -- AM Peak Hour --     -- PM Peak Hour -- 
            Zone       Land Use Type                    Units        In    Out   Total      In    Out   Total       ADT 
          --------------------------------------------------------------------------------------------------------------- 
             54     3.  Single Family (6-10du/ac)     62.00 DU        12     35     47       40     23     63       614 
                    4.  Condominium/Townhouse        589.00 DU        59    283    342      277    153    430      4712 
                       SUB-TOTAL                                      71    318    389      317    176    493      5326 
 
             55     3.  Single Family (6-10du/ac)    164.00 DU        31     92    123      105     61    166      1624 
                    4.  Condominium/Townhouse        922.00 DU        92    443    535      433    240    673      7376 
                   51.  Developed Park                 5.80 AC         0      0      0        0      0      0        15 
                       SUB-TOTAL                                     123    535    658      538    301    839      9015 
 
             56     2.  Single Family (1-5du/ac)      19.00 DU         4     11     15       12      7     19       188 
                    4.  Condominium/Townhouse         23.00 DU         2     11     13       11      6     17       184 
                       SUB-TOTAL                                       6     22     28       23     13     36       372 
 
             57    12.  Commercial Center (<10ac)     55.40 TSF       60     38     98      184    199    383      4712 
                   31.  Business Park               1169.60 TSF     1404    269   1673      351   1158   1509     11930 
                   40.  Commercial Office            105.00 TSF      163     20    183       22    135    157      1214 
                       SUB-TOTAL                                    1627    327   1954      557   1492   2049     17856 
 
 
                                 HOMESTEAD N/O RIVER (2030) LAND USE AND TRIP GENERATION SUMMARY 
 
 
                                                                    -- AM Peak Hour --     -- PM Peak Hour -- 
                Land Use Type                           Units        In    Out   Total      In    Out   Total      ADT 
          --------------------------------------------------------------------------------------------------------------- 
             2.  Single Family (1-5du/ac)             19.00 DU         4     11     15       12      7     19       188 
             3.  Single Family (6-10du/ac)           226.00 DU        43    127    170      145     84    229      2238 
             4.  Condominium/Townhouse              1534.00 DU       153    737    890      721    399   1120     12272 
            12.  Commercial Center (<10ac)            55.40 TSF       60     38     98      184    199    383      4712 
            31.  Business Park                      1169.60 TSF     1404    269   1673      351   1158   1509     11930 
            40.  Commercial Office                   105.00 TSF      163     20    183       22    135    157      1214 
            51.  Developed Park                        5.80 AC         0      0      0        0      0      0        15 
 
                TOTAL                                               1827   1202   3029     1435   1982   3417     32569 
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                                        POTRERO VILLAGE (2030) ZONAL LAND USE AND TRIP GENERATION 
 
 
                                                                    -- AM Peak Hour --     -- PM Peak Hour -- 
            Zone       Land Use Type                    Units        In    Out   Total      In    Out   Total       ADT 
          --------------------------------------------------------------------------------------------------------------- 
            106     5.  Apartment                    520.00 DU        42    224    266      213    109    322      3588 
                       SUB-TOTAL                                      42    224    266      213    109    322      3588 
 
            111    34.  Utilities                    100.00 TSF        0      0      0        0      0      0       238 
                       SUB-TOTAL                                       0      0      0        0      0      0       238 
 
            112     2.  Single Family (1-5du/ac)      90.00 DU        17     50     67       58     33     91       891 
                    3.  Single Family (6-10du/ac)    156.00 DU        30     87    117      100     58    158      1544 
                   50.  Golf Course                  180.00 AC        27     11     38       18     36     54      1433 
                       SUB-TOTAL                                      74    148    222      176    127    303      3868 
 
            113     4.  Condominium/Townhouse        354.00 DU        35    170    205      166     92    258      2832 
                       SUB-TOTAL                                      35    170    205      166     92    258      2832 
 
            114     4.  Condominium/Townhouse        560.00 DU        56    269    325      263    146    409      4480 
                       SUB-TOTAL                                      56    269    325      263    146    409      4480 
 
            115     3.  Single Family (6-10du/ac)    603.00 DU       115    338    453      386    223    609      5970 
                       SUB-TOTAL                                     115    338    453      386    223    609      5970 
 
            116     4.  Condominium/Townhouse       1262.00 DU       126    606    732      593    328    921     10096 
                   11.  Commercial Center(10-30a)    628.50 TSF      459    295    754     1496   1622   3118     33977 
                       SUB-TOTAL                                     585    901   1486     2089   1950   4039     44073 
 
            117     4.  Condominium/Townhouse       1261.00 DU       126    605    731      593    328    921     10088 
                   11.  Commercial Center(10-30a)    628.50 TSF      459    295    754     1496   1622   3118     33977 
                       SUB-TOTAL                                     585    900   1485     2089   1950   4039     44065 
 
            119     5.  Apartment                   1679.00 DU       134    722    856      688    353   1041     11585 
                       SUB-TOTAL                                     134    722    856      688    353   1041     11585 
 
            127     4.  Condominium/Townhouse        888.00 DU        89    426    515      417    231    648      7104 
                       SUB-TOTAL                                      89    426    515      417    231    648      7104 
 
            128     3.  Single Family (6-10du/ac)    450.00 DU        86    252    338      288    167    455      4455 
                       SUB-TOTAL                                      86    252    338      288    167    455      4455 
 
            129     3.  Single Family (6-10du/ac)    177.00 DU        34     99    133      113     65    178      1752 
                       SUB-TOTAL                                      34     99    133      113     65    178      1752 
 
            153     3.  Single Family (6-10du/ac)    424.00 DU        81    237    318      271    157    428      4198 
                       SUB-TOTAL                                      81    237    318      271    157    428      4198 
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                                    POTRERO VILLAGE (2030) LAND USE AND TRIP GENERATION SUMMARY 
 
 
                                                                    -- AM Peak Hour --     -- PM Peak Hour -- 
                Land Use Type                           Units        In    Out   Total      In    Out   Total      ADT 
          --------------------------------------------------------------------------------------------------------------- 
             2.  Single Family (1-5du/ac)             90.00 DU        17     50     67       58     33     91       891 
             3.  Single Family (6-10du/ac)          1810.00 DU       346   1013   1359     1158    670   1828     17919 
             4.  Condominium/Townhouse              4325.00 DU       432   2076   2508     2032   1125   3157     34600 
             5.  Apartment                          2199.00 DU       176    946   1122      901    462   1363     15173 
            11.  Commercial Center(10-30a)          1257.00 TSF      918    590   1508     2992   3244   6236     67954 
            34.  Utilities                           100.00 TSF        0      0      0        0      0      0       238 
            50.  Golf Course                         180.00 AC        27     11     38       18     36     54      1433 
 
                TOTAL                                               1916   4686   6602     7159   5570  12729    138208 
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                                            ENTRADA (2030) ZONAL LAND USE AND TRIP GENERATION 
 
 
                                                                    -- AM Peak Hour --     -- PM Peak Hour -- 
            Zone       Land Use Type                    Units        In    Out   Total      In    Out   Total       ADT 
          --------------------------------------------------------------------------------------------------------------- 
             90     5.  Apartment                    408.00 DU        33    175    208      167     86    253      2815 
                   10.  Commercial Center (>30ac)    400.00 TSF      188    120    308      656    712   1368     16024 
                   11.  Commercial Center(10-30a)    135.00 TSF       99     63    162      321    348    669      7298 
                   30.  Industrial Park              543.88 TSF      299     54    353       71    283    354      3263 
                   40.  Commercial Office            773.02 TSF     1198    147   1345      162    997   1159      8936 
                       SUB-TOTAL                                    1817    559   2376     1377   2426   3803     38336 
 
             92     4.  Condominium/Townhouse       1000.00 DU       100    480    580      470    260    730      8000 
                   10.  Commercial Center (>30ac)    800.00 TSF      376    240    616     1312   1424   2736     32048 
                   14.  Hotel                        300.00 ROOM     102     66    168       96     87    183      2469 
                   40.  Commercial Office            400.00 TSF      620     76    696       84    516    600      4624 
                       SUB-TOTAL                                    1198    862   2060     1962   2287   4249     47141 
 
             95    11.  Commercial Center(10-30a)    115.21 TSF       84     54    138      274    297    571      6228 
                       SUB-TOTAL                                      84     54    138      274    297    571      6228 
 
            101    10.  Commercial Center (>30ac)    388.30 TSF      183    116    299      637    691   1328     15555 
                       SUB-TOTAL                                     183    116    299      637    691   1328     15555 
 
            140     3.  Single Family (6-10du/ac)    572.00 DU       109    320    429      366    212    578      5663 
                    4.  Condominium/Townhouse       1250.00 DU       125    600    725      588    325    913     10000 
                   12.  Commercial Center (<10ac)     28.48 TSF       31     20     51       95    103    198      2422 
                       SUB-TOTAL                                     265    940   1205     1049    640   1689     18085 
 
 
                                       ENTRADA (2030) LAND USE AND TRIP GENERATION SUMMARY 
 
 
                                                                    -- AM Peak Hour --     -- PM Peak Hour -- 
                Land Use Type                           Units        In    Out   Total      In    Out   Total      ADT 
          --------------------------------------------------------------------------------------------------------------- 
             3.  Single Family (6-10du/ac)           572.00 DU       109    320    429      366    212    578      5663 
             4.  Condominium/Townhouse              2250.00 DU       225   1080   1305     1058    585   1643     18000 
             5.  Apartment                           408.00 DU        33    175    208      167     86    253      2815 
            10.  Commercial Center (>30ac)          1588.30 TSF      747    476   1223     2605   2827   5432     63627 
            11.  Commercial Center(10-30a)           250.21 TSF      183    117    300      595    645   1240     13526 
            12.  Commercial Center (<10ac)            28.48 TSF       31     20     51       95    103    198      2422 
            14.  Hotel                               300.00 ROOM     102     66    168       96     87    183      2469 
            30.  Industrial Park                     543.88 TSF      299     54    353       71    283    354      3263 
            40.  Commercial Office                  1173.02 TSF     1818    223   2041      246   1513   1759     13560 
 
                TOTAL                                               3547   2531   6078     5299   6341  11640    125345 
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                                         LEGACY VILLAGE (2030) ZONAL LAND USE AND TRIP GENERATION 
 
 
                                                                    -- AM Peak Hour --     -- PM Peak Hour -- 
            Zone       Land Use Type                    Units        In    Out   Total      In    Out   Total       ADT 
          --------------------------------------------------------------------------------------------------------------- 
            123     3.  Single Family (6-10du/ac)    440.00 DU        84    246    330      282    163    445      4356 
                       SUB-TOTAL                                      84    246    330      282    163    445      4356 
 
            124     7.  Senior (Active)             1000.00 DU        80    120    200      160    100    260      3710 
                       SUB-TOTAL                                      80    120    200      160    100    260      3710 
 
            126     4.  Condominium/Townhouse        585.00 DU        59    281    340      275    152    427      4680 
                   11.  Commercial Center(10-30a)    150.00 TSF      110     71    181      357    387    744      8109 
                   40.  Commercial Office            225.00 TSF      349     43    392       47    290    337      2601 
                       SUB-TOTAL                                     518    395    913      679    829   1508     15390 
 
            131     4.  Condominium/Townhouse       1400.00 DU       140    672    812      658    364   1022     11200 
                   20.  Elementary/Middle School     900.00 STU      234    180    414       72     81    153      1305 
                       SUB-TOTAL                                     374    852   1226      730    445   1175     12505 
 
            151     2.  Single Family (1-5du/ac)      75.00 DU        14     42     56       48     28     76       743 
                       SUB-TOTAL                                      14     42     56       48     28     76       743 
 
 
                                    LEGACY VILLAGE (2030) LAND USE AND TRIP GENERATION SUMMARY 
 
 
                                                                    -- AM Peak Hour --     -- PM Peak Hour -- 
                Land Use Type                           Units        In    Out   Total      In    Out   Total      ADT 
          --------------------------------------------------------------------------------------------------------------- 
             2.  Single Family (1-5du/ac)             75.00 DU        14     42     56       48     28     76       743 
             3.  Single Family (6-10du/ac)           440.00 DU        84    246    330      282    163    445      4356 
             4.  Condominium/Townhouse              1985.00 DU       199    953   1152      933    516   1449     15880 
             7.  Senior (Active)                    1000.00 DU        80    120    200      160    100    260      3710 
            11.  Commercial Center(10-30a)           150.00 TSF      110     71    181      357    387    744      8109 
            20.  Elementary/Middle School            900.00 STU      234    180    414       72     81    153      1305 
            40.  Commercial Office                   225.00 TSF      349     43    392       47    290    337      2601 
 
                TOTAL                                               1070   1655   2725     1899   1565   3464     36704 
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                                        COMMERCE CENTER (2030) ZONAL LAND USE AND TRIP GENERATION 
 
 
                                                                    -- AM Peak Hour --     -- PM Peak Hour -- 
            Zone       Land Use Type                    Units        In    Out   Total      In    Out   Total       ADT 
          --------------------------------------------------------------------------------------------------------------- 
             41    30.  Industrial Park              730.00 TSF      402     73    475       95    380    475      4380 
                       SUB-TOTAL                                     402     73    475       95    380    475      4380 
 
             42    30.  Industrial Park              275.00 TSF      151     28    179       36    143    179      1650 
                       SUB-TOTAL                                     151     28    179       36    143    179      1650 
 
             43    30.  Industrial Park              273.90 TSF      151     27    178       36    142    178      1643 
                       SUB-TOTAL                                     151     27    178       36    142    178      1643 
 
             45    30.  Industrial Park             1960.20 TSF     1078    196   1274      255   1019   1274     11761 
                       SUB-TOTAL                                    1078    196   1274      255   1019   1274     11761 
 
             46    13.  Commercial Shops              77.00 TSF       55     37     92      139    139    278      2854 
                   30.  Industrial Park              445.80 TSF      245     45    290       58    232    290      2675 
                       SUB-TOTAL                                     300     82    382      197    371    568      5529 
 
             47    30.  Industrial Park             4254.10 TSF     2340    425   2765      553   2212   2765     25525 
                       SUB-TOTAL                                    2340    425   2765      553   2212   2765     25525 
 
             48    30.  Industrial Park              720.00 TSF      396     72    468       94    374    468      4320 
                       SUB-TOTAL                                     396     72    468       94    374    468      4320 
 
             49    30.  Industrial Park              764.30 TSF      420     76    496       99    397    496      4586 
                       SUB-TOTAL                                     420     76    496       99    397    496      4586 
 
             58    30.  Industrial Park             1051.50 TSF      578    105    683      137    547    684      6309 
                       SUB-TOTAL                                     578    105    683      137    547    684      6309 
 
             59    35.  Regional Post Office         764.00 TSF      153    115    268      115    115    230      3820 
                       SUB-TOTAL                                     153    115    268      115    115    230      3820 
 
             60    30.  Industrial Park              411.60 TSF      226     41    267       54    214    268      2470 
                       SUB-TOTAL                                     226     41    267       54    214    268      2470 
 
             61    30.  Industrial Park              744.90 TSF      410     74    484       97    387    484      4469 
                       SUB-TOTAL                                     410     74    484       97    387    484      4469 
 
             62    30.  Industrial Park              627.30 TSF      345     63    408       82    326    408      3764 
                       SUB-TOTAL                                     345     63    408       82    326    408      3764 
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                                    COMMERCE CENTER (2030) LAND USE AND TRIP GENERATION SUMMARY 
 
 
                                                                    -- AM Peak Hour --     -- PM Peak Hour -- 
                Land Use Type                           Units        In    Out   Total      In    Out   Total      ADT 
          --------------------------------------------------------------------------------------------------------------- 
            13.  Commercial Shops                     77.00 TSF       55     37     92      139    139    278      2854 
            30.  Industrial Park                   12258.60 TSF     6742   1225   7967     1596   6373   7969     73552 
            35.  Regional Post Office                764.00 TSF      153    115    268      115    115    230      3820 
 
                TOTAL                                               6950   1377   8327     1850   6627   8477     80226 
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                                         TOTAL (2030) LAND USE AND TRIP GENERATION SUMMARY 
 
 
                                                                    -- AM Peak Hour --     -- PM Peak Hour -- 
                Land Use Type                           Units        In    Out   Total      In    Out   Total      ADT 
          --------------------------------------------------------------------------------------------------------------- 
             2.  Single Family (1-5du/ac)           1120.00 DU       213    627    840      718    415   1133     11089 
             3.  Single Family (6-10du/ac)          3394.00 DU       647   1899   2546     2172   1257   3429     33600 
             4.  Condominium/Townhouse             19043.00 DU      1906   9141  11047     8950   4952  13902    152344 
             5.  Apartment                          3058.00 DU       245   1315   1560     1253    643   1896     21101 
             7.  Senior (Active)                    1000.00 DU        80    120    200      160    100    260      3710 
            10.  Commercial Center (>30ac)          1588.30 TSF      747    476   1223     2605   2827   5432     63627 
            11.  Commercial Center(10-30a)          2176.51 TSF     1590   1022   2612     5180   5616  10796    117662 
            12.  Commercial Center (<10ac)           189.18 TSF      206    131    337      629    682   1311     16090 
            13.  Commercial Shops                    102.50 TSF       74     50    124      185    185    370      3799 
            14.  Hotel                               300.00 ROOM     102     66    168       96     87    183      2469 
 
            20.  Elementary/Middle School           5550.00 STU     1443   1110   2553      444    500    944      8048 
            21.  High School                        2400.00 STU      768    336   1104      144    216    360      4296 
            30.  Industrial Park                   12802.48 TSF     7041   1279   8320     1667   6656   8323     76815 
            31.  Business Park                      1861.10 TSF     2234    428   2662      558   1843   2401     18983 
            34.  Utilities                           100.00 TSF        0      0      0        0      0      0       238 
            35.  Regional Post Office                764.00 TSF      153    115    268      115    115    230      3820 
            40.  Commercial Office                  2493.42 TSF     3866    474   4340      523   3216   3739     28824 
            50.  Golf Course                         180.00 AC        27     11     38       18     36     54      1433 
            51.  Developed Park                       89.10 AC         0      0      0        2      3      5       232 
 
                TOTAL                                              21342  18600  39942    25419  29349  54768    568180 
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APPENDIX B 

INTERSECTION CAPACITY UTILIZATION WORKSHEETS 
 

Peak hour intersection volume/capacity ratios are calculated by means of intersection capacity 

utilization (ICU) values.  ICU calculations were performed for the intersections shown in Figure B-1. 

 

The procedure is based on the critical movement methodology, and shows the amount of capacity 

utilized by each critical move. A "de-facto" right-turn lane is used in the ICU calculation for cases where 

a curb lane is wide enough to separately serve both through and right-turn traffic (typically with a width 

of 19 feet from curb to outside of through-lane with parking prohibited during peak periods).  Such lanes 

are treated the same as striped right-turn lanes during the ICU calculations, but they are denoted on the 

ICU calculation worksheets using the letter "d" in place of a numerical entry for right-turn lanes. 

 

The methodology also incorporates a check for right-turn capacity utilization.  Both right-turn-on-

green (RTOG) and right-turn-on-red (RTOR) capacity availability are calculated and checked against the 

total right-turn capacity need.  If insufficient capacity is available, then an adjustment is made to the total 

capacity utilization value.  The following example shows how this adjustment is made. 

 

Example of Right-turn Capacity Utilization For Northbound Right 
 
1.  Right-Turn-On-Green (RTOG) 
 
If NBT is critical move, then: 
RTOG = V/C (NBT) 
Otherwise, 
RTOG = V/C (NBL) + V/C (SBT) - V/C (SBL) 
 
2.  Right-Turn-On-Red (RTOR) 
 
If WBL is critical move, then: 
RTOR = V/C (WBL) 
Otherwise, 
RTOR = V/C (EBL) + V/C (WBT) - V/C (EBT) 
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3.  Right-Turn Overlap Adjustment 
 
If the northbound right is assumed to overlap with the adjacent westbound left, adjustments to the 
RTOG and RTOR values are made as follows: 
 
RTOG = RTOG + V/C (WBL) 
RTOR = RTOR - V/C (WBL) 
 
4.  Total Right-Turn Capacity (RTC) Availability For NBR 
 
RTC = RTOG + factor x RTOR 
Where factor = RTOR saturation flow factor (typically 75%) 
 
5.  Right-turn Adjustment for ICU Calculation 
 
Right-turn adjustment is then as follows: Additional ICU = V/C (NBR) - RTC 

 
 

A zero or negative value indicates that adequate capacity is available and no adjustment is 

necessary.  A positive value indicates that the available RTOR and RTOG capacity does not adequately 

accommodate the right-turn V/C, therefore the right-turn is essentially considered to be a critical 

movement.  In such cases, the right-turn adjustment is noted on the ICU worksheet and it is included in 

the total capacity utilization value.  When it is determined that a right-turn adjustment is required for more 

than one right-turn movement, the word "multi" is printed on the worksheet instead of an actual right-turn 

movement reference, and the right-turn adjustments are cumulatively added to the total capacity 

utilization value.  In such cases, further operational evaluation is typically carried out to determine if 

under actual operational conditions, the critical right-turns would operate simultaneously, and therefore a 

right-turn adjustment credit should be applied. 
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Shared Lane V/C Methodology 

 

For intersection approaches where shared usage of a lane is permitted by more than one turn movement 

(e.g., left/through, through/right, left/through/right), the individual turn volumes are evaluated to 

determine whether dedication of the shared lane is warranted to any one given turn movement.  The 

following example demonstrates how this evaluation is carried out: 

 

Example of Shared Lane Utilization for Shared Left/Through Lane 

 
1.  Average Lane Volume (ALV) 
 
 ALV =                    Left-Turn Volume + Through Volume                 . 
  Total Left + Through Approach Lanes (including shared lane) 
 
2.  ALV for Each Approach 
 
 ALV (Left) =                        Left-Turn Volume                  . 
  Left Approach Lanes (including shared lane) 
 
 ALV (Through) =                            Through Volume                        . 
  Through Approach Lanes (including shared lane) 
 
3.  Lane Dedication is Warranted 
 
If ALV (Left) is greater than ALV then full dedication of the shared lane to the left-turn approach is 
warranted.  Left-turn and through V/C ratios for this case are calculated as follows: 
 
 V/C (Left) =                         Left-Turn Volume                      . 
  Left Approach Capacity (including shared lane) 
 
 V/C (Through) =                                Through Volume                         . 
  Through Approach Capacity (excluding shared lane) 
 
Similarly, if ALV (Through) is greater than ALV then full dedication to the through approach is 
warranted, and left-turn and through V/C ratios are calculated as follows: 
 
 V/C (Left) =                            Left-Turn Volume                       . 
  Left Approach Capacity (excluding shared lane) 
 
 V/C (Through) =                             Through Volume                           . 

    Through Approach Capacity (including shared lane) 
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4.  Lane Dedication is not Warranted 
 
If ALV (Left) and ALV (Through) are both less than ALV, the left/through lane is assumed to be 
truly shared and each left, left/through or through approach lane carries an evenly distributed volume 
of traffic equal to ALV.  A combined left/through V/C ratio is calculated as follows: 
 
 V/C (Left/Through) =                     Left-Turn Volume + Through Volume                     . 
  Total Left + Through Approach Capacity (including shared lane) 
  
This V/C (Left/Through) ratio is assigned as the V/C (Through) ratio for the critical movement 
analysis and ICU summary listing. 
 
If split phasing has not been designated for this approach, the relative proportion of V/C (Through) 
that is attributed to the left-turn volume is estimated as follows: 
 
If approach has more than one left-turn (including shared lane), then: 
 
 V/C (Left) = V/C (Through) 
 
If approach has only one left-turn lane (shared lane), then: 
 
 V/C (Left) =              Left-Turn Volume          . 
  Single Approach Lane Capacity 
 
If this left-turn movement is determined to be a critical movement, the V/C (Left) value is posted in 
brackets on the ICU summary printout. 

 
 

These same steps are carried out for shared through/right lanes.  If full dedication of a shared 

through/right lane to the right-turn movement is warranted, the right-turn V/C value calculated in step 

three is checked against the RTOR and RTOG capacity availability if the option to include right-turns in 

the V/C ratio calculations is selected.  If the V/C value that is determined using the shared lane 

methodology described here is reduced due to RTOR and RTOG capacity availability, the V/C value for 

the through/right lanes is posted in brackets. 

 

When an approach contains more than one shared lane (e.g., left/through and through/right), steps 

one and two listed above are carried out for the three turn movements combined.  Step four is carried out 

if dedication is not warranted for either of the shared lanes.  If dedication of one of the shared lanes is 

warranted to one movement or another, step three is carried out for the two movements involved, and then 

steps one through four are repeated for the two movements involved in the other shared lane. 
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         7. I-5 SB Ramps & SR-126                                 
                                                                  
     ┌─────────────────────────────────────────────────────────┐       ┌─────────────────────────────────────────────────────────┐ 
     │   Existing Count                                        │       │   SCVCTM 4.1 2011 with Stage 1 Improvements             │ 
     │                                                         │       │                                                         │ 
     │                             AM PK HOUR     PM PK HOUR   │       │                             AM PK HOUR     PM PK HOUR   │ 
     │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │       │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │ 
     │                                                         │       │                                                         │ 
     │   NBL      0         0        0              0          │       │   NBL      0         0        0              0          │ 
     │   NBT      0         0        0              0          │       │   NBT      0         0        0              0          │ 
     │   NBR      0         0        0              0          │       │   NBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   SBL      2      3500      219    .06*     80    .02*  │       │   SBL      2      3500     1020    .29*    780    .22*  │ 
     │   SBT      0         0        0              0          │       │   SBT      0         0        0              0          │ 
     │   SBR      2      3500      153    .04     185    .05   │       │   SBR      2      3500      400    .11     220    .06   │ 
     │                                                         │       │                                                         │ 
     │   EBL      0         0        0              0          │       │   EBL      0         0        0              0          │ 
     │   EBT      4      7000      281    .04     532    .08   │       │   EBT      4      7000      640    .09    1780    .25   │ 
     │   EBR      f                617           1260          │       │   EBR      f               1130           1380          │ 
     │                                                         │       │                                                         │ 
     │   WBL      0         0        0              0          │       │   WBL      0         0        0              0          │ 
     │   WBT      3      5250     1343    .26*    848    .16*  │       │   WBT      4      7000     2800    .40*   1870    .27*  │ 
     │   WBR      f                 10            196          │       │   WBR      f                 20             80          │ 
     │                                                         │       │                                                         │ 
     │   Right Turn Adjustment                    SBR    .03*  │       │   Clearance Interval               .10*           .10*  │ 
     │   Clearance Interval               .10*           .10*  │       └─────────────────────────────────────────────────────────┘ 
     └─────────────────────────────────────────────────────────┘           TOTAL CAPACITY UTILIZATION       .79            .59 
         TOTAL CAPACITY UTILIZATION       .42            .31      
 
 
     ┌─────────────────────────────────────────────────────────┐       ┌─────────────────────────────────────────────────────────┐ 
     │   SCVCTM 4.1 2012 with Stage 2 Improvements             │       │   SCVCTM 4.1 2014 with Stage 3 Improvements             │ 
     │                                                         │       │                                                         │ 
     │                             AM PK HOUR     PM PK HOUR   │       │                             AM PK HOUR     PM PK HOUR   │ 
     │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │       │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │ 
     │                                                         │       │                                                         │ 
     │   NBL      0         0        0              0          │       │   NBL      0         0        0              0          │ 
     │   NBT      0         0        0              0          │       │   NBT      0         0        0              0          │ 
     │   NBR      0         0        0              0          │       │   NBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   SBL      2      3500     1010    .29*    930    .27*  │       │   SBL      2      3500      980    .28*    930    .27*  │ 
     │   SBT      0         0        0              0          │       │   SBT      0         0        0              0          │ 
     │   SBR      2      3500      440    .13     260    .07   │       │   SBR      2      3500      430    .12     280    .08   │ 
     │                                                         │       │                                                         │ 
     │   EBL      0         0        0              0          │       │   EBL      0         0        0              0          │ 
     │   EBT      4      7000      700    .10    1950    .28*  │       │   EBT      4      7000      760    .11    2090    .30*  │ 
     │   EBR      f               1060           1320          │       │   EBR      f               1090           1250          │ 
     │                                                         │       │                                                         │ 
     │   WBL      0         0        0              0          │       │   WBL      0         0        0              0          │ 
     │   WBT      4      7000     2650    .38*   1870    .27   │       │   WBT      4      7000     2700    .39*   1910    .27   │ 
     │   WBR      f                 20            140          │       │   WBR      f                 10            140          │ 
     │                                                         │       │                                                         │ 
     │   Clearance Interval               .10*           .10*  │       │   Clearance Interval               .10*           .10*  │ 
     └─────────────────────────────────────────────────────────┘       └─────────────────────────────────────────────────────────┘ 
         TOTAL CAPACITY UTILIZATION       .77            .65               TOTAL CAPACITY UTILIZATION       .77            .67 
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         7. I-5 SB Ramps & SR-126                                 
                                                                  
     ┌─────────────────────────────────────────────────────────┐       ┌─────────────────────────────────────────────────────────┐ 
     │   SCVCTM 4.1 2018 with Stage 4 Improvements             │       │   SCVCTM 4.1 2022 with Stage 5 Improvements             │ 
     │                                                         │       │                                                         │ 
     │                             AM PK HOUR     PM PK HOUR   │       │                             AM PK HOUR     PM PK HOUR   │ 
     │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │       │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │ 
     │                                                         │       │                                                         │ 
     │   NBL      0         0        0              0          │       │   NBL      0         0        0              0          │ 
     │   NBT      0         0        0              0          │       │   NBT      0         0        0              0          │ 
     │   NBR      0         0        0              0          │       │   NBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   SBL      2      3500      980    .28*    850    .24*  │       │   SBL      2      3500      950    .27*    860    .25*  │ 
     │   SBT      0         0        0              0          │       │   SBT      0         0        0              0          │ 
     │   SBR      2      3500      460    .13     340    .10   │       │   SBR      2      3500      510    .15     450    .13   │ 
     │                                                         │       │                                                         │ 
     │   EBL      0         0        0              0          │       │   EBL      0         0        0              0          │ 
     │   EBT      4      7000      930    .13    2070    .30*  │       │   EBT      4      7000     1290    .18    2200    .31*  │ 
     │   EBR      f               1100           1300          │       │   EBR      f               1240           1240          │ 
     │                                                         │       │                                                         │ 
     │   WBL      0         0        0              0          │       │   WBL      0         0        0              0          │ 
     │   WBT      4      7000     2570    .37*   1860    .27   │       │   WBT      4      7000     2500    .36*   2110    .30   │ 
     │   WBR      f                 20            300          │       │   WBR      f                 20            280          │ 
     │                                                         │       │                                                         │ 
     │   Clearance Interval               .10*           .10*  │       │   Clearance Interval               .10*           .10*  │ 
     └─────────────────────────────────────────────────────────┘       └─────────────────────────────────────────────────────────┘ 
         TOTAL CAPACITY UTILIZATION       .75            .64               TOTAL CAPACITY UTILIZATION       .73            .66 
 
 
     ┌─────────────────────────────────────────────────────────┐       ┌─────────────────────────────────────────────────────────┐ 
     │   SCVCTM 4.1 2025 with Stage 6a Improvements            │       │   SCVCTM 4.1 2030 with 6b Imp./no Potrero Bridge        │ 
     │                                                         │       │                                                         │ 
     │                             AM PK HOUR     PM PK HOUR   │       │                             AM PK HOUR     PM PK HOUR   │ 
     │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │       │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │ 
     │                                                         │       │                                                         │ 
     │   NBL      0         0        0              0          │       │   NBL      0         0        0              0          │ 
     │   NBT      0         0        0              0          │       │   NBT      0         0        0              0          │ 
     │   NBR      0         0        0              0          │       │   NBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   SBL      2      3500      890    .25*    830    .24*  │       │   SBL      2      3500      840    .24*    880    .25*  │ 
     │   SBT      0         0        0              0          │       │   SBT      0         0        0              0          │ 
     │   SBR      2      3500      590    .17     510    .15   │       │   SBR      2      3500      660    .19     530    .15   │ 
     │                                                         │       │                                                         │ 
     │   EBL      0         0        0              0          │       │   EBL      0         0        0              0          │ 
     │   EBT      4      7000     1510    .22    2500    .36*  │       │   EBT      4      7000     1630    .23    2810    .40*  │ 
     │   EBR      f               1420           1360          │       │   EBR      f               1550           1420          │ 
     │                                                         │       │                                                         │ 
     │   WBL      0         0        0              0          │       │   WBL      0         0        0              0          │ 
     │   WBT      4      7000     2750    .39*   2480    .35   │       │   WBT      4      7000     3010    .43*   2700    .39   │ 
     │   WBR      f                 30            260          │       │   WBR      f                 30            260          │ 
     │                                                         │       │                                                         │ 
     │   Clearance Interval               .10*           .10*  │       │   Clearance Interval               .10*           .10*  │ 
     └─────────────────────────────────────────────────────────┘       └─────────────────────────────────────────────────────────┘ 
         TOTAL CAPACITY UTILIZATION       .74            .70               TOTAL CAPACITY UTILIZATION       .77            .75 
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         8. I-5 NB Ramps & SR-126                                 
                                                                  
     ┌─────────────────────────────────────────────────────────┐       ┌─────────────────────────────────────────────────────────┐ 
     │   Existing Count                                        │       │   SCVCTM 4.1 2011 with Stage 1 Improvements             │ 
     │                                                         │       │                                                         │ 
     │                             AM PK HOUR     PM PK HOUR   │       │                             AM PK HOUR     PM PK HOUR   │ 
     │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │       │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │ 
     │                                                         │       │                                                         │ 
     │   NBL      3      5250     1061    .20*    638    .12*  │       │   NBL      3      5250     1240    .24*   1210    .23*  │ 
     │   NBT      0         0        0              0          │       │   NBT      0         0        0              0          │ 
     │   NBR      1      1750      231    .13      50    .03   │       │   NBR      1      1750       30    .02      20    .01   │ 
     │                                                         │       │                                                         │ 
     │   SBL      0         0        0              0          │       │   SBL      0         0        0              0          │ 
     │   SBT      0         0        0              0          │       │   SBT      0         0        0              0          │ 
     │   SBR      0         0        0              0          │       │   SBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   EBL      0         0        0              0          │       │   EBL      0         0        0              0          │ 
     │   EBT      4      7000      425    .06     514    .07*  │       │   EBT      4      7000     1290    .18    1880    .27*  │ 
     │   EBR      f                 73            189          │       │   EBR      f                150            470          │ 
     │                                                         │       │                                                         │ 
     │   WBL      0         0        0              0          │       │   WBL      0         0        0              0          │ 
     │   WBT      3      5250      363    .07*    311    .06   │       │   WBT      3      5250     1590    .30*    720    .14   │ 
     │   WBR      f                145            334          │       │   WBR      f                290            670          │ 
     │                                                         │       │                                                         │ 
     │   Clearance Interval               .10*           .10*  │       │   Clearance Interval               .10*           .10*  │ 
     └─────────────────────────────────────────────────────────┘       └─────────────────────────────────────────────────────────┘ 
         TOTAL CAPACITY UTILIZATION       .37            .29               TOTAL CAPACITY UTILIZATION       .64            .60 
 
 
     ┌─────────────────────────────────────────────────────────┐       ┌─────────────────────────────────────────────────────────┐ 
     │   SCVCTM 4.1 2012 with Stage 2 Improvements             │       │   SCVCTM 4.1 2014 with Stage 3 Improvements             │ 
     │                                                         │       │                                                         │ 
     │                             AM PK HOUR     PM PK HOUR   │       │                             AM PK HOUR     PM PK HOUR   │ 
     │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │       │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │ 
     │                                                         │       │                                                         │ 
     │   NBL      3      5250      960    .18*   1150    .22*  │       │   NBL      3      5250      960    .18*   1170    .22*  │ 
     │   NBT      0         0        0              0          │       │   NBT      0         0        0              0          │ 
     │   NBR      1      1750       60    .03      10    .01   │       │   NBR      1      1750       60    .03      10    .01   │ 
     │                                                         │       │                                                         │ 
     │   SBL      0         0        0              0          │       │   SBL      0         0        0              0          │ 
     │   SBT      0         0        0              0          │       │   SBT      0         0        0              0          │ 
     │   SBR      0         0        0              0          │       │   SBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   EBL      0         0        0              0          │       │   EBL      0         0        0              0          │ 
     │   EBT      4      7000     1340    .19    2120    .30*  │       │   EBT      4      7000     1340    .19    2240    .32*  │ 
     │   EBR      f                170            510          │       │   EBR      f                190            520          │ 
     │                                                         │       │                                                         │ 
     │   WBL      0         0        0              0          │       │   WBL      0         0        0              0          │ 
     │   WBT      3      5250     1720    .33*    850    .16   │       │   WBT      3      5250     1760    .34*    860    .16   │ 
     │   WBR      f                320            700          │       │   WBR      f                310            690          │ 
     │                                                         │       │                                                         │ 
     │   Clearance Interval               .10*           .10*  │       │   Clearance Interval               .10*           .10*  │ 
     └─────────────────────────────────────────────────────────┘       └─────────────────────────────────────────────────────────┘ 
         TOTAL CAPACITY UTILIZATION       .61            .62               TOTAL CAPACITY UTILIZATION       .62            .64 



 

Westside Santa Clarita Valley B-9 Austin-Foust Associates, Inc. 
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         8. I-5 NB Ramps & SR-126                                 
                                                                  
     ┌─────────────────────────────────────────────────────────┐       ┌─────────────────────────────────────────────────────────┐ 
     │   SCVCTM 4.1 2018 with Stage 4 Improvements             │       │   SCVCTM 4.1 2022 with Stage 5 Improvements             │ 
     │                                                         │       │                                                         │ 
     │                             AM PK HOUR     PM PK HOUR   │       │                             AM PK HOUR     PM PK HOUR   │ 
     │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │       │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │ 
     │                                                         │       │                                                         │ 
     │   NBL      3      5250      940    .18*   1090    .21*  │       │   NBL      3      5250      910    .17*   1200    .23*  │ 
     │   NBT      0         0        0              0          │       │   NBT      0         0        0              0          │ 
     │   NBR      1      1750       90    .05      10    .01   │       │   NBR      1      1750       90    .05      10    .01   │ 
     │                                                         │       │                                                         │ 
     │   SBL      0         0        0              0          │       │   SBL      0         0        0              0          │ 
     │   SBT      0         0        0              0          │       │   SBT      0         0        0              0          │ 
     │   SBR      0         0        0              0          │       │   SBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   EBL      0         0        0              0          │       │   EBL      0         0        0              0          │ 
     │   EBT      4      7000     1440    .21    2130    .30*  │       │   EBT      4      7000     1650    .24    2180    .31*  │ 
     │   EBR      f                250            560          │       │   EBR      f                330            640          │ 
     │                                                         │       │                                                         │ 
     │   WBL      0         0        0              0          │       │   WBL      0         0        0              0          │ 
     │   WBT      3      5250     1660    .32*   1050    .20   │       │   WBT      3      5250     1630    .31*   1170    .22   │ 
     │   WBR      f                330            700          │       │   WBR      f                350            700          │ 
     │                                                         │       │                                                         │ 
     │   Clearance Interval               .10*           .10*  │       │   Clearance Interval               .10*           .10*  │ 
     └─────────────────────────────────────────────────────────┘       └─────────────────────────────────────────────────────────┘ 
         TOTAL CAPACITY UTILIZATION       .60            .61               TOTAL CAPACITY UTILIZATION       .58            .64 
 
 
     ┌─────────────────────────────────────────────────────────┐       ┌─────────────────────────────────────────────────────────┐ 
     │   SCVCTM 4.1 2025 with Stage 6a Improvements            │       │   SCVCTM 4.1 2030 with 6b Imp./no Potrero Bridge        │ 
     │                                                         │       │                                                         │ 
     │                             AM PK HOUR     PM PK HOUR   │       │                             AM PK HOUR     PM PK HOUR   │ 
     │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │       │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │ 
     │                                                         │       │                                                         │ 
     │   NBL      3      5250     1000    .19*   1380    .26*  │       │   NBL      3      5250     1040    .20*   1500    .29*  │ 
     │   NBT      0         0        0              0          │       │   NBT      0         0        0              0          │ 
     │   NBR      1      1750       90    .05      10    .01   │       │   NBR      1      1750      120    .07      20    .01   │ 
     │                                                         │       │                                                         │ 
     │   SBL      0         0        0              0          │       │   SBL      0         0        0              0          │ 
     │   SBT      0         0        0              0          │       │   SBT      0         0        0              0          │ 
     │   SBR      0         0        0              0          │       │   SBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   EBL      0         0        0              0          │       │   EBL      0         0        0              0          │ 
     │   EBT      4      7000     1740    .25    2330    .33*  │       │   EBT      4      7000     1760    .25    2630    .38*  │ 
     │   EBR      f                400            750          │       │   EBR      f                450            800          │ 
     │                                                         │       │                                                         │ 
     │   WBL      0         0        0              0          │       │   WBL      0         0        0              0          │ 
     │   WBT      3      5250     1800    .34*   1330    .25   │       │   WBT      3      5250     2030    .39*   1450    .28   │ 
     │   WBR      f                360            700          │       │   WBR      f                370            710          │ 
     │                                                         │       │                                                         │ 
     │   Clearance Interval               .10*           .10*  │       │   Clearance Interval               .10*           .10*  │ 
     └─────────────────────────────────────────────────────────┘       └─────────────────────────────────────────────────────────┘ 
         TOTAL CAPACITY UTILIZATION       .63            .69               TOTAL CAPACITY UTILIZATION       .69            .77 



 

Westside Santa Clarita Valley B-10 Austin-Foust Associates, Inc. 
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         9. Rye/Old Rd & I-5 SB Ramps                             
                                                                  
     ┌─────────────────────────────────────────────────────────┐       ┌─────────────────────────────────────────────────────────┐ 
     │   Existing Count                                        │       │   SCVCTM 4.1 2011 with Stage 1 Improvements             │ 
     │                                                         │       │                                                         │ 
     │                             AM PK HOUR     PM PK HOUR   │       │                             AM PK HOUR     PM PK HOUR   │ 
     │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │       │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │ 
     │                                                         │       │                                                         │ 
     │   NBL      1      1750       43    .02      22    .01*  │       │   NBL      1      1750       30    .02      30    .02   │ 
     │   NBT      2      3500      675    .19*    425    .12   │       │   NBT      2      3500      870    .25*    840    .24*  │ 
     │   NBR      1      1750     1013    .58    1325    .76   │       │   NBR      2      3500      580    .17     770    .22   │ 
     │                                                         │       │                                                         │ 
     │   SBL      1      1750       51    .03*     83    .05   │       │   SBL      2      3500      140    .04*    720    .21*  │ 
     │   SBT      2      3500      598    .17     699    .20*  │       │   SBT      3      5250      150    .03     650    .12   │ 
     │   SBR      0         0        0              0          │       │   SBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   EBL      0         0        0              0          │       │   EBL      0         0        0              0          │ 
     │   EBT      0         0        0              0          │       │   EBT      0         0        0              0          │ 
     │   EBR      0         0        0              0          │       │   EBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   WBL      1.5              294            164          │       │   WBL      2      3500      470    .13*    260    .07*  │ 
     │   WBT      0      3500        0    .08*      0    .05*  │       │   WBT      0         0        0              0          │ 
     │   WBR      0.5                2              2          │       │   WBR      1      1750       10    .01      10    .01   │ 
     │                                                         │       │                                                         │ 
     │   Right Turn Adjustment     NBR    .33*    NBR    .56*  │       │   Clearance Interval               .10*           .10*  │ 
     │   Clearance Interval               .10*           .10*  │       │   Note: Assumes Right-Turn Overlap for NBR              │ 
     └─────────────────────────────────────────────────────────┘       └─────────────────────────────────────────────────────────┘ 
         TOTAL CAPACITY UTILIZATION       .73            .92               TOTAL CAPACITY UTILIZATION       .52            .62 
 
 
     ┌─────────────────────────────────────────────────────────┐       ┌─────────────────────────────────────────────────────────┐ 
     │   SCVCTM 4.1 2012 with Stage 2 Improvements             │       │   SCVCTM 4.1 2014 with Stage 3 Improvements             │ 
     │                                                         │       │                                                         │ 
     │                             AM PK HOUR     PM PK HOUR   │       │                             AM PK HOUR     PM PK HOUR   │ 
     │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │       │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │ 
     │                                                         │       │                                                         │ 
     │   NBL      1      1750       30    .02      30    .02   │       │   NBL      1      1750       30    .02      30    .02   │ 
     │   NBT      2      3500      620    .18*    690    .20*  │       │   NBT      2      3500      680    .19*    680    .19*  │ 
     │   NBR      2      3500      650    .19     650    .19   │       │   NBR      2      3500      700    .20     740    .21   │ 
     │                                                         │       │                                                         │ 
     │   SBL      2      3500      130    .04*    710    .20*  │       │   SBL      2      3500      120    .03*    730    .21*  │ 
     │   SBT      3      5250      120    .02     500    .10   │       │   SBT      3      5250      110    .02     550    .10   │ 
     │   SBR      0         0        0              0          │       │   SBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   EBL      0         0        0              0          │       │   EBL      0         0        0              0          │ 
     │   EBT      0         0        0              0          │       │   EBT      0         0        0              0          │ 
     │   EBR      0         0        0              0          │       │   EBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   WBL      2      3500      400    .11*     90    .03*  │       │   WBL      2      3500      400    .11*    140    .04*  │ 
     │   WBT      0         0        0              0          │       │   WBT      0         0        0              0          │ 
     │   WBR      1      1750       10    .01      10    .01   │       │   WBR      1      1750       10    .01      10    .01   │ 
     │                                                         │       │                                                         │ 
     │   Clearance Interval               .10*           .10*  │       │   Clearance Interval               .10*           .10*  │ 
     │   Note: Assumes Right-Turn Overlap for NBR              │       │   Note: Assumes Right-Turn Overlap for NBR              │ 
     └─────────────────────────────────────────────────────────┘       └─────────────────────────────────────────────────────────┘ 
         TOTAL CAPACITY UTILIZATION       .43            .53               TOTAL CAPACITY UTILIZATION       .43            .54 
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         9. Rye/Old Rd & I-5 SB Ramps                             
                                                                  
     ┌─────────────────────────────────────────────────────────┐       ┌─────────────────────────────────────────────────────────┐ 
     │   SCVCTM 4.1 2018 with Stage 4 Improvements             │       │   SCVCTM 4.1 2022 with Stage 5 Improvements             │ 
     │                                                         │       │                                                         │ 
     │                             AM PK HOUR     PM PK HOUR   │       │                             AM PK HOUR     PM PK HOUR   │ 
     │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │       │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │ 
     │                                                         │       │                                                         │ 
     │   NBL      1      1750       30    .02      30    .02   │       │   NBL      1      1750       30    .02      30    .02   │ 
     │   NBT      2      3500      760    .22*    740    .21*  │       │   NBT      2      3500      800    .23*    900    .26*  │ 
     │   NBR      2      3500      830    .24    1050    .30   │       │   NBR      2      3500      840    .24    1000    .29   │ 
     │                                                         │       │                                                         │ 
     │   SBL      2      3500      180    .05*    880    .25*  │       │   SBL      2      3500      210    .06*    900    .26*  │ 
     │   SBT      3      5250      170    .03     440    .08   │       │   SBT      3      5250      200    .04     510    .10   │ 
     │   SBR      0         0        0              0          │       │   SBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   EBL      0         0        0              0          │       │   EBL      0         0        0              0          │ 
     │   EBT      0         0        0              0          │       │   EBT      0         0        0              0          │ 
     │   EBR      0         0        0              0          │       │   EBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   WBL      2      3500      360    .10*    160    .05*  │       │   WBL      2      3500      360    .10*    210    .06*  │ 
     │   WBT      0         0        0              0          │       │   WBT      0         0        0              0          │ 
     │   WBR      1      1750       10    .01      10    .01   │       │   WBR      1      1750       10    .01      10    .01   │ 
     │                                                         │       │                                                         │ 
     │   Right Turn Adjustment                    NBR    .04*  │       │   Clearance Interval               .10*           .10*  │ 
     │   Clearance Interval               .10*           .10*  │       │   Note: Assumes Right-Turn Overlap for NBR              │ 
     │   Note: Assumes Right-Turn Overlap for NBR              │       └─────────────────────────────────────────────────────────┘ 
     └─────────────────────────────────────────────────────────┘           TOTAL CAPACITY UTILIZATION       .49            .68 
         TOTAL CAPACITY UTILIZATION       .47            .65      
 
 
     ┌─────────────────────────────────────────────────────────┐       ┌─────────────────────────────────────────────────────────┐ 
     │   SCVCTM 4.1 2025 with Stage 6a Improvements            │       │   SCVCTM 4.1 2030 with 6b Imp./no Potrero Bridge        │ 
     │                                                         │       │                                                         │ 
     │                             AM PK HOUR     PM PK HOUR   │       │                             AM PK HOUR     PM PK HOUR   │ 
     │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │       │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │ 
     │                                                         │       │                                                         │ 
     │   NBL      1      1750       30    .02      30    .02   │       │   NBL      1      1750       30    .02      30    .02   │ 
     │   NBT      2      3500      870    .25*   1010    .29*  │       │   NBT      2      3500     1030    .29*   1130    .32*  │ 
     │   NBR      2      3500      790    .23    1030    .29   │       │   NBR      2      3500      730    .21    1050    .30   │ 
     │                                                         │       │                                                         │ 
     │   SBL      2      3500      230    .07*    950    .27*  │       │   SBL      2      3500      280    .08*   1030    .29*  │ 
     │   SBT      3      5250      250    .05     580    .11   │       │   SBT      3      5250      310    .06     660    .13   │ 
     │   SBR      0         0        0              0          │       │   SBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   EBL      0         0        0              0          │       │   EBL      0         0        0              0          │ 
     │   EBT      0         0        0              0          │       │   EBT      0         0        0              0          │ 
     │   EBR      0         0        0              0          │       │   EBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   WBL      2      3500      420    .12*    290    .08*  │       │   WBL      2      3500      470    .13*    390    .11*  │ 
     │   WBT      0         0        0              0          │       │   WBT      0         0        0              0          │ 
     │   WBR      1      1750       10    .01      10    .01   │       │   WBR      1      1750       10    .01      20    .01   │ 
     │                                                         │       │                                                         │ 
     │   Clearance Interval               .10*           .10*  │       │   Clearance Interval               .10*           .10*  │ 
     │   Note: Assumes Right-Turn Overlap for NBR              │       │   Note: Assumes Right-Turn Overlap for NBR              │ 
     └─────────────────────────────────────────────────────────┘       └─────────────────────────────────────────────────────────┘ 
         TOTAL CAPACITY UTILIZATION       .54            .74               TOTAL CAPACITY UTILIZATION       .60            .82 
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         10. I-5 SB Ramps & Magic Mtn                             
                                                                  
     ┌─────────────────────────────────────────────────────────┐       ┌─────────────────────────────────────────────────────────┐ 
     │   Existing Count                                        │       │   SCVCTM 4.1 2011 with Stage 1 Improvements             │ 
     │                                                         │       │                                                         │ 
     │                             AM PK HOUR     PM PK HOUR   │       │                             AM PK HOUR     PM PK HOUR   │ 
     │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │       │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │ 
     │                                                         │       │                                                         │ 
     │   NBL      0         0        0              0          │       │   NBL      0         0        0              0          │ 
     │   NBT      0         0        0              0          │       │   NBT      0         0        0              0          │ 
     │   NBR      0         0        0              0          │       │   NBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   SBL      1.5              432            358          │       │   SBL      2      3500      640    .18*   1260    .36*  │ 
     │   SBT      0.5    3500        0    .12*      0    .10*  │       │   SBT      0         0        0              0          │ 
     │   SBR      1      1750       32    .02      57    .03   │       │   SBR      2      3500       60    .02      40    .01   │ 
     │                                                         │       │                                                         │ 
     │   EBL      0         0        0              0          │       │   EBL      0         0        0              0          │ 
     │   EBT      2      3500      291    .08*    439    .13*  │       │   EBT      3      5250      370    .07     980    .19   │ 
     │   EBR      f                104            251          │       │   EBR      2      3500      680    .19     810    .23   │ 
     │                                                         │       │                                                         │ 
     │   WBL      1      1750      498    .28*    454    .26*  │       │   WBL      2      3500       60    .02      30    .01   │ 
     │   WBT      3      5250     1442    .27    1267    .24   │       │   WBT      4      7000     1870    .27*   1560    .22*  │ 
     │   WBR      0         0        0              0          │       │   WBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   Clearance Interval               .10*           .10*  │       │   Clearance Interval               .10*           .10*  │ 
     └─────────────────────────────────────────────────────────┘       └─────────────────────────────────────────────────────────┘ 
         TOTAL CAPACITY UTILIZATION       .58            .59               TOTAL CAPACITY UTILIZATION       .55            .68 
 
 
     ┌─────────────────────────────────────────────────────────┐       ┌─────────────────────────────────────────────────────────┐ 
     │   SCVCTM 4.1 2012 with Stage 2 Improvements             │       │   SCVCTM 4.1 2014 with Stage 3 Improvements             │ 
     │                                                         │       │                                                         │ 
     │                             AM PK HOUR     PM PK HOUR   │       │                             AM PK HOUR     PM PK HOUR   │ 
     │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │       │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │ 
     │                                                         │       │                                                         │ 
     │   NBL      0         0        0              0          │       │   NBL      0         0        0              0          │ 
     │   NBT      0         0        0              0          │       │   NBT      0         0        0              0          │ 
     │   NBR      0         0        0              0          │       │   NBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   SBL      2      3500      640    .18*   1160    .33*  │       │   SBL      2      3500      640    .18*   1120    .32*  │ 
     │   SBT      0         0        0              0          │       │   SBT      0         0        0              0          │ 
     │   SBR      2      3500       60    .02      50    .01   │       │   SBR      2      3500       60    .02      50    .01   │ 
     │                                                         │       │                                                         │ 
     │   EBL      0         0        0              0          │       │   EBL      0         0        0              0          │ 
     │   EBT      3      5250      410    .08     930    .18   │       │   EBT      3      5250      570    .11    1060    .20   │ 
     │   EBR      2      3500      670    .19     780    .22   │       │   EBR      2      3500      850    .24     820    .23   │ 
     │                                                         │       │                                                         │ 
     │   WBL      2      3500       60    .02      30    .01   │       │   WBL      2      3500       60    .02      30    .01   │ 
     │   WBT      4      7000     2080    .30*   1600    .23*  │       │   WBT      4      7000     2160    .31*   1810    .26*  │ 
     │   WBR      0         0        0              0          │       │   WBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   Clearance Interval               .10*           .10*  │       │   Clearance Interval               .10*           .10*  │ 
     └─────────────────────────────────────────────────────────┘       └─────────────────────────────────────────────────────────┘ 
         TOTAL CAPACITY UTILIZATION       .58            .66               TOTAL CAPACITY UTILIZATION       .59            .68 
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         10. I-5 SB Ramps & Magic Mtn                             
                                                                  
     ┌─────────────────────────────────────────────────────────┐       ┌─────────────────────────────────────────────────────────┐ 
     │   SCVCTM 4.1 2018 with Stage 4 Improvements             │       │   SCVCTM 4.1 2022 with Stage 5 Improvements             │ 
     │                                                         │       │                                                         │ 
     │                             AM PK HOUR     PM PK HOUR   │       │                             AM PK HOUR     PM PK HOUR   │ 
     │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │       │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │ 
     │                                                         │       │                                                         │ 
     │   NBL      0         0        0              0          │       │   NBL      0         0        0              0          │ 
     │   NBT      0         0        0              0          │       │   NBT      0         0        0              0          │ 
     │   NBR      0         0        0              0          │       │   NBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   SBL      2      3500      680    .19*   1250    .36*  │       │   SBL      2      3500      750    .21*   1240    .35*  │ 
     │   SBT      0         0        0              0          │       │   SBT      0         0        0              0          │ 
     │   SBR      2      3500      100    .03      60    .02   │       │   SBR      2      3500      100    .03      80    .02   │ 
     │                                                         │       │                                                         │ 
     │   EBL      0         0        0              0          │       │   EBL      0         0        0              0          │ 
     │   EBT      3      5250      950    .18    1200    .23   │       │   EBT      3      5250     1100    .21    1350    .26   │ 
     │   EBR      2      3500     1120    .32    1070    .31   │       │   EBR      2      3500     1200    .34    1100    .31   │ 
     │                                                         │       │                                                         │ 
     │   WBL      2      3500       50    .01      40    .01   │       │   WBL      2      3500       40    .01      30    .01   │ 
     │   WBT      4      7000     2180    .31*   2460    .35*  │       │   WBT      4      7000     2250    .32*   2720    .39*  │ 
     │   WBR      0         0        0              0          │       │   WBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   Clearance Interval               .10*           .10*  │       │   Clearance Interval               .10*           .10*  │ 
     └─────────────────────────────────────────────────────────┘       └─────────────────────────────────────────────────────────┘ 
         TOTAL CAPACITY UTILIZATION       .60            .81               TOTAL CAPACITY UTILIZATION       .63            .84 
 
 
     ┌─────────────────────────────────────────────────────────┐       ┌─────────────────────────────────────────────────────────┐ 
     │   SCVCTM 4.1 2025 with Stage 6a Improvements            │       │   SCVCTM 4.1 2030 with 6b Imp./no Potrero Bridge        │ 
     │                                                         │       │                                                         │ 
     │                             AM PK HOUR     PM PK HOUR   │       │                             AM PK HOUR     PM PK HOUR   │ 
     │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │       │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │ 
     │                                                         │       │                                                         │ 
     │   NBL      0         0        0              0          │       │   NBL      0         0        0              0          │ 
     │   NBT      0         0        0              0          │       │   NBT      0         0        0              0          │ 
     │   NBR      0         0        0              0          │       │   NBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   SBL      2      3500      820    .23*   1270    .36*  │       │   SBL      2.5              920    .18*   1320    .25*  │ 
     │   SBT      0         0        0              0          │       │   SBT      0      7000        0              0          │ 
     │   SBR      2      3500       90    .03      80    .02   │       │   SBR      1.5               60    .03      80    .05   │ 
     │                                                         │       │                                                         │ 
     │   EBL      0         0        0              0          │       │   EBL      0         0        0              0          │ 
     │   EBT      3      5250     1160    .22    1480    .28   │       │   EBT      3      5250     1220    .23    1620    .31   │ 
     │   EBR      2      3500     1230    .35    1160    .33   │       │   EBR      2      3500     1270    .36    1200    .34   │ 
     │                                                         │       │                                                         │ 
     │   WBL      2      3500       30    .01      30    .01   │       │   WBL      2      3500       20    .01      20    .01   │ 
     │   WBT      4      7000     2420    .35*   2830    .40*  │       │   WBT      4      7000     2530    .36*   2950    .42*  │ 
     │   WBR      0         0        0              0          │       │   WBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   Clearance Interval               .10*           .10*  │       │   Clearance Interval               .10*           .10*  │ 
     └─────────────────────────────────────────────────────────┘       └─────────────────────────────────────────────────────────┘ 
         TOTAL CAPACITY UTILIZATION       .68            .86               TOTAL CAPACITY UTILIZATION       .64            .77 
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         11. I-5 NB Ramps & Magic Mtn                             
                                                                  
     ┌─────────────────────────────────────────────────────────┐       ┌─────────────────────────────────────────────────────────┐ 
     │   Existing Count                                        │       │   SCVCTM 4.1 2011 with Stage 1 Improvements             │ 
     │                                                         │       │                                                         │ 
     │                             AM PK HOUR     PM PK HOUR   │       │                             AM PK HOUR     PM PK HOUR   │ 
     │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │       │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │ 
     │                                                         │       │                                                         │ 
     │   NBL      1.5             1147  {.33}*   1181  {.34}*  │       │   NBL      2.5             1220    .23*    960    .18*  │ 
     │   NBT      0.5    3500        2    .33       7    .34   │       │   NBT      0      7000        0              0          │ 
     │   NBR      1      1750      363    .21     695    .40   │       │   NBR      1.5              100    .06     280    .16   │ 
     │                                                         │       │                                                         │ 
     │   SBL      0         0        0              0          │       │   SBL      0         0        0              0          │ 
     │   SBT      0         0        0              0          │       │   SBT      0         0        0              0          │ 
     │   SBR      0         0        0              0          │       │   SBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   EBL      1      1750       21    .01      39    .02   │       │   EBL      2      3500       60    .02     260    .07   │ 
     │   EBT      2      3500      703    .20*    698    .20*  │       │   EBT      3      5250      950    .18*   1990    .38*  │ 
     │   EBR      0         0        0              0          │       │   EBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   WBL      0         0        0              0          │       │   WBL      0         0        0              0          │ 
     │   WBT      4      7000      793    .11     578    .08   │       │   WBT      3.5    8750      710    .14     630    .12   │ 
     │   WBR      f                279            413          │       │   WBR      1.5              940    .27     800    .23   │ 
     │                                                         │       │                                                         │ 
     │   Right Turn Adjustment                    NBR    .06*  │       │   Clearance Interval               .10*           .10*  │ 
     │   Clearance Interval               .10*           .10*  │       └─────────────────────────────────────────────────────────┘ 
     └─────────────────────────────────────────────────────────┘           TOTAL CAPACITY UTILIZATION       .51            .66 
         TOTAL CAPACITY UTILIZATION       .63            .70      
 
 
     ┌─────────────────────────────────────────────────────────┐       ┌─────────────────────────────────────────────────────────┐ 
     │   SCVCTM 4.1 2012 with Stage 2 Improvements             │       │   SCVCTM 4.1 2014 with Stage 3 Improvements             │ 
     │                                                         │       │                                                         │ 
     │                             AM PK HOUR     PM PK HOUR   │       │                             AM PK HOUR     PM PK HOUR   │ 
     │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │       │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │ 
     │                                                         │       │                                                         │ 
     │   NBL      2.5             1260    .24*    980    .19*  │       │   NBL      2.5             1270    .24*   1030    .20*  │ 
     │   NBT      0      7000        0              0          │       │   NBT      0      7000        0              0          │ 
     │   NBR      1.5              100    .06     280    .16   │       │   NBR      1.5              100    .06     270    .15   │ 
     │                                                         │       │                                                         │ 
     │   SBL      0         0        0              0          │       │   SBL      0         0        0              0          │ 
     │   SBT      0         0        0              0          │       │   SBT      0         0        0              0          │ 
     │   SBR      0         0        0              0          │       │   SBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   EBL      2      3500       50    .01     140    .04   │       │   EBL      2      3500       60    .02     140    .04   │ 
     │   EBT      3      5250     1000    .19*   1950    .37*  │       │   EBT      3      5250     1150    .22*   2030    .39*  │ 
     │   EBR      0         0        0              0          │       │   EBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   WBL      0         0        0              0          │       │   WBL      0         0        0              0          │ 
     │   WBT      3.5    8750      880  {.14}     650    .12   │       │   WBT      3.5    8750      930  {.15}     810    .15   │ 
     │   WBR      1.5              670            760    .22   │       │   WBR      1.5              690            750          │ 
     │                                                         │       │                                                         │ 
     │   Clearance Interval               .10*           .10*  │       │   Clearance Interval               .10*           .10*  │ 
     └─────────────────────────────────────────────────────────┘       └─────────────────────────────────────────────────────────┘ 
         TOTAL CAPACITY UTILIZATION       .53            .66               TOTAL CAPACITY UTILIZATION       .56            .69 
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         11. I-5 NB Ramps & Magic Mtn                             
                                                                  
     ┌─────────────────────────────────────────────────────────┐       ┌─────────────────────────────────────────────────────────┐ 
     │   SCVCTM 4.1 2018 with Stage 4 Improvements             │       │   SCVCTM 4.1 2022 with Stage 5 Improvements             │ 
     │                                                         │       │                                                         │ 
     │                             AM PK HOUR     PM PK HOUR   │       │                             AM PK HOUR     PM PK HOUR   │ 
     │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │       │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │ 
     │                                                         │       │                                                         │ 
     │   NBL      2.5             1350    .26*   1340    .26*  │       │   NBL      2.5             1350    .26*   1370    .26*  │ 
     │   NBT      0      7000        0              0          │       │   NBT      0      7000        0              0          │ 
     │   NBR      1.5               90    .05     110    .06   │       │   NBR      1.5              100    .06     100    .06   │ 
     │                                                         │       │                                                         │ 
     │   SBL      0         0        0              0          │       │   SBL      0         0        0              0          │ 
     │   SBT      0         0        0              0          │       │   SBT      0         0        0              0          │ 
     │   SBR      0         0        0              0          │       │   SBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   EBL      2      3500       90    .03     180    .05   │       │   EBL      2      3500      100    .03     200    .06   │ 
     │   EBT      3      5250     1540    .29*   2270    .43*  │       │   EBT      3      5250     1750    .33*   2390    .46*  │ 
     │   EBR      0         0        0              0          │       │   EBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   WBL      0         0        0              0          │       │   WBL      0         0        0              0          │ 
     │   WBT      3.5    8750      870  {.15}    1160  {.18}   │       │   WBT      3.5    8750      940  {.17}    1380  {.21}   │ 
     │   WBR      1.5              770            740          │       │   WBR      1.5              880            780          │ 
     │                                                         │       │                                                         │ 
     │   Clearance Interval               .10*           .10*  │       │   Clearance Interval               .10*           .10*  │ 
     └─────────────────────────────────────────────────────────┘       └─────────────────────────────────────────────────────────┘ 
         TOTAL CAPACITY UTILIZATION       .65            .79               TOTAL CAPACITY UTILIZATION       .69            .82 
 
 
     ┌─────────────────────────────────────────────────────────┐       ┌─────────────────────────────────────────────────────────┐ 
     │   SCVCTM 4.1 2025 with Stage 6a Improvements            │       │   SCVCTM 4.1 2030 with 6b Imp./no Potrero Bridge        │ 
     │                                                         │       │                                                         │ 
     │                             AM PK HOUR     PM PK HOUR   │       │                             AM PK HOUR     PM PK HOUR   │ 
     │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │       │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │ 
     │                                                         │       │                                                         │ 
     │   NBL      2.5             1370    .26*   1390    .26*  │       │   NBL      2.5             1400    .27*   1410    .27*  │ 
     │   NBT      0      7000        0              0          │       │   NBT      0      7000        0              0          │ 
     │   NBR      1.5               90    .05      90    .05   │       │   NBR      1.5               90    .05      80    .05   │ 
     │                                                         │       │                                                         │ 
     │   SBL      0         0        0              0          │       │   SBL      0         0        0              0          │ 
     │   SBT      0         0        0              0          │       │   SBT      0         0        0              0          │ 
     │   SBR      0         0        0              0          │       │   SBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   EBL      2      3500      100    .03     230    .07   │       │   EBL      2      3500      130    .04     280    .08   │ 
     │   EBT      3      5250     1870    .36*   2520    .48*  │       │   EBT      3      5250     2020    .38*   2650    .50*  │ 
     │   EBR      0         0        0              0          │       │   EBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   WBL      0         0        0              0          │       │   WBL      0         0        0              0          │ 
     │   WBT      3.5    8750     1090  {.18}    1470  {.23}   │       │   WBT      3.5    8750     1150  {.19}    1560  {.24}   │ 
     │   WBR      1.5              860            850          │       │   WBR      1.5              900            870          │ 
     │                                                         │       │                                                         │ 
     │   Clearance Interval               .10*           .10*  │       │   Clearance Interval               .10*           .10*  │ 
     └─────────────────────────────────────────────────────────┘       └─────────────────────────────────────────────────────────┘ 
         TOTAL CAPACITY UTILIZATION       .72            .84               TOTAL CAPACITY UTILIZATION       .75            .87 
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         12. I-5 SB Ramps & Valencia                              
                                                                  
     ┌─────────────────────────────────────────────────────────┐       ┌─────────────────────────────────────────────────────────┐ 
     │   Existing Count                                        │       │   SCVCTM 4.1 2011 with Stage 1 Improvements             │ 
     │                                                         │       │                                                         │ 
     │                             AM PK HOUR     PM PK HOUR   │       │                             AM PK HOUR     PM PK HOUR   │ 
     │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │       │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │ 
     │                                                         │       │                                                         │ 
     │   NBL      0         0        0              0          │       │   NBL      0         0        0              0          │ 
     │   NBT      0         0        0              0          │       │   NBT      0         0        0              0          │ 
     │   NBR      0         0        0              0          │       │   NBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   SBL      2      3500      209    .06*    236    .07*  │       │   SBL      2      3500      330    .09*    380    .11*  │ 
     │   SBT      0         0        0              0          │       │   SBT      0         0        0              0          │ 
     │   SBR      1      1750      262    .15      54    .03   │       │   SBR      1      1750      260    .15     380    .22   │ 
     │                                                         │       │                                                         │ 
     │   EBL      0         0        0              0          │       │   EBL      0         0        0              0          │ 
     │   EBT      3      5250      586    .11     498    .09   │       │   EBT      3      5250      470    .09     670    .13   │ 
     │   EBR      f                407            127          │       │   EBR      f                440            390          │ 
     │                                                         │       │                                                         │ 
     │   WBL      0         0        0              0          │       │   WBL      0         0        0              0          │ 
     │   WBT      2      3500      760    .22*    878    .25*  │       │   WBT      2      3500     1070    .31*   1190    .34*  │ 
     │   WBR      f                844           1029          │       │   WBR      f               1510           1010          │ 
     │                                                         │       │                                                         │ 
     │   Right Turn Adjustment     SBR    .09*                 │       │   Right Turn Adjustment     SBR    .06*    SBR    .11*  │ 
     │   Clearance Interval               .10*           .10*  │       │   Clearance Interval               .10*           .10*  │ 
     └─────────────────────────────────────────────────────────┘       └─────────────────────────────────────────────────────────┘ 
         TOTAL CAPACITY UTILIZATION       .47            .42               TOTAL CAPACITY UTILIZATION       .56            .66 
 
 
     ┌─────────────────────────────────────────────────────────┐       ┌─────────────────────────────────────────────────────────┐ 
     │   SCVCTM 4.1 2012 with Stage 2 Improvements             │       │   SCVCTM 4.1 2014 with Stage 3 Improvements             │ 
     │                                                         │       │                                                         │ 
     │                             AM PK HOUR     PM PK HOUR   │       │                             AM PK HOUR     PM PK HOUR   │ 
     │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │       │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │ 
     │                                                         │       │                                                         │ 
     │   NBL      0         0        0              0          │       │   NBL      0         0        0              0          │ 
     │   NBT      0         0        0              0          │       │   NBT      0         0        0              0          │ 
     │   NBR      0         0        0              0          │       │   NBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   SBL      2      3500      350    .10*    350    .10*  │       │   SBL      2      3500      360    .10*    380    .11*  │ 
     │   SBT      0         0        0              0          │       │   SBT      0         0        0              0          │ 
     │   SBR      1      1750      210    .12     330    .19   │       │   SBR      1      1750      210    .12     370    .21   │ 
     │                                                         │       │                                                         │ 
     │   EBL      0         0        0              0          │       │   EBL      0         0        0              0          │ 
     │   EBT      3      5250      440    .08     650    .12   │       │   EBT      3      5250      510    .10     710    .14   │ 
     │   EBR      f                450            400          │       │   EBR      f                470            350          │ 
     │                                                         │       │                                                         │ 
     │   WBL      0         0        0              0          │       │   WBL      0         0        0              0          │ 
     │   WBT      2      3500     1120    .32*   1250    .36*  │       │   WBT      2      3500     1120    .32*   1440    .41*  │ 
     │   WBR      f               1380           1000          │       │   WBR      f               1360            950          │ 
     │                                                         │       │                                                         │ 
     │   Right Turn Adjustment     SBR    .02*    SBR    .09*  │       │   Right Turn Adjustment     SBR    .02*    SBR    .10*  │ 
     │   Clearance Interval               .10*           .10*  │       │   Clearance Interval               .10*           .10*  │ 
     └─────────────────────────────────────────────────────────┘       └─────────────────────────────────────────────────────────┘ 
         TOTAL CAPACITY UTILIZATION       .54            .65               TOTAL CAPACITY UTILIZATION       .54            .72 
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         12. I-5 SB Ramps & Valencia                              
                                                                  
     ┌─────────────────────────────────────────────────────────┐       ┌─────────────────────────────────────────────────────────┐ 
     │   SCVCTM 4.1 2018 with Stage 4 Improvements             │       │   SCVCTM 4.1 2022 with Stage 5 Improvements             │ 
     │                                                         │       │                                                         │ 
     │                             AM PK HOUR     PM PK HOUR   │       │                             AM PK HOUR     PM PK HOUR   │ 
     │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │       │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │ 
     │                                                         │       │                                                         │ 
     │   NBL      0         0        0              0          │       │   NBL      0         0        0              0          │ 
     │   NBT      0         0        0              0          │       │   NBT      0         0        0              0          │ 
     │   NBR      0         0        0              0          │       │   NBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   SBL      2      3500      370    .11*    420    .12*  │       │   SBL      2      3500      350    .10*    390    .11*  │ 
     │   SBT      0         0        0              0          │       │   SBT      0         0        0              0          │ 
     │   SBR      1      1750      270    .15     410    .23   │       │   SBR      1      1750      320    .18     470    .27   │ 
     │                                                         │       │                                                         │ 
     │   EBL      0         0        0              0          │       │   EBL      0         0        0              0          │ 
     │   EBT      3      5250      820    .16     790    .15   │       │   EBT      3      5250     1080    .21    1080    .21   │ 
     │   EBR      f                690            570          │       │   EBR      f                920            740          │ 
     │                                                         │       │                                                         │ 
     │   WBL      0         0        0              0          │       │   WBL      0         0        0              0          │ 
     │   WBT      2      3500     1360    .39*   1850    .53*  │       │   WBT      3      5250     1580    .30*   2140    .41*  │ 
     │   WBR      f               1180            990          │       │   WBR      f               1170            920          │ 
     │                                                         │       │                                                         │ 
     │   Right Turn Adjustment     SBR    .04*    SBR    .11*  │       │   Right Turn Adjustment     SBR    .08*    SBR    .16*  │ 
     │   Clearance Interval               .10*           .10*  │       │   Clearance Interval               .10*           .10*  │ 
     └─────────────────────────────────────────────────────────┘       └─────────────────────────────────────────────────────────┘ 
         TOTAL CAPACITY UTILIZATION       .64            .86               TOTAL CAPACITY UTILIZATION       .58            .78 
 
 
     ┌─────────────────────────────────────────────────────────┐       ┌─────────────────────────────────────────────────────────┐ 
     │   SCVCTM 4.1 2025 with Stage 6a Improvements            │       │   SCVCTM 4.1 2030 with 6b Imp./no Potrero Bridge        │ 
     │                                                         │       │                                                         │ 
     │                             AM PK HOUR     PM PK HOUR   │       │                             AM PK HOUR     PM PK HOUR   │ 
     │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │       │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │ 
     │                                                         │       │                                                         │ 
     │   NBL      0         0        0              0          │       │   NBL      0         0        0              0          │ 
     │   NBT      0         0        0              0          │       │   NBT      0         0        0              0          │ 
     │   NBR      0         0        0              0          │       │   NBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   SBL      2      3500      370    .11*    440    .13*  │       │   SBL      2      3500      350    .10*    450    .13*  │ 
     │   SBT      0         0        0              0          │       │   SBT      0         0        0              0          │ 
     │   SBR      1      1750      320    .18     550    .31   │       │   SBR      1      1750      340    .19     570    .33   │ 
     │                                                         │       │                                                         │ 
     │   EBL      0         0        0              0          │       │   EBL      0         0        0              0          │ 
     │   EBT      3      5250     1110    .21    1240    .24   │       │   EBT      3      5250     1190    .23    1390    .26   │ 
     │   EBR      f                970            790          │       │   EBR      f                910            510          │ 
     │                                                         │       │                                                         │ 
     │   WBL      0         0        0              0          │       │   WBL      0         0        0              0          │ 
     │   WBT      3      5250     1620    .31*   2220    .42*  │       │   WBT      3      5250     1650    .31*   2280    .43*  │ 
     │   WBR      f               1140            870          │       │   WBR      f               1190            890          │ 
     │                                                         │       │                                                         │ 
     │   Right Turn Adjustment     SBR    .07*    SBR    .18*  │       │   Right Turn Adjustment     SBR    .09*    SBR    .20*  │ 
     │   Clearance Interval               .10*           .10*  │       │   Clearance Interval               .10*           .10*  │ 
     └─────────────────────────────────────────────────────────┘       └─────────────────────────────────────────────────────────┘ 
         TOTAL CAPACITY UTILIZATION       .59            .83               TOTAL CAPACITY UTILIZATION       .60            .86 
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         13. I-5 NB Ramps & Valencia                              
                                                                  
     ┌─────────────────────────────────────────────────────────┐       ┌─────────────────────────────────────────────────────────┐ 
     │   Existing Count                                        │       │   SCVCTM 4.1 2011 with Stage 1 Improvements             │ 
     │                                                         │       │                                                         │ 
     │                             AM PK HOUR     PM PK HOUR   │       │                             AM PK HOUR     PM PK HOUR   │ 
     │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │       │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │ 
     │                                                         │       │                                                         │ 
     │   NBL      2      3500      291    .08*    273    .08*  │       │   NBL      2      3500      480    .14*    210    .06*  │ 
     │   NBT      0         0        0              0          │       │   NBT      0         0        0              0          │ 
     │   NBR      2      3500      945    .27     876    .25   │       │   NBR      2      3500      970    .28    1170    .33   │ 
     │                                                         │       │                                                         │ 
     │   SBL      0         0        0              0          │       │   SBL      0         0        0              0          │ 
     │   SBT      0         0        0              0          │       │   SBT      0         0        0              0          │ 
     │   SBR      0         0        0              0          │       │   SBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   EBL      0         0        0              0          │       │   EBL      0         0        0              0          │ 
     │   EBT      3      5250      697    .16     668    .14   │       │   EBT      3      5250      700    .15     860    .20   │ 
     │   EBR      0         0      157             79          │       │   EBR      0         0      100            190          │ 
     │                                                         │       │                                                         │ 
     │   WBL      2      3500       80    .02     147    .04   │       │   WBL      2      3500      280    .08     290    .08   │ 
     │   WBT      4      7000     1266    .18*   1645    .24*  │       │   WBT      4      7000     2130    .30*   2010    .29*  │ 
     │   WBR      0         0        0              0          │       │   WBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   Right Turn Adjustment     NBR    .17*    NBR    .09*  │       │   Right Turn Adjustment     NBR    .03*    NBR    .20*  │ 
     │   Clearance Interval               .10*           .10*  │       │   Clearance Interval               .10*           .10*  │ 
     └─────────────────────────────────────────────────────────┘       └─────────────────────────────────────────────────────────┘ 
         TOTAL CAPACITY UTILIZATION       .53            .51               TOTAL CAPACITY UTILIZATION       .57            .65 
 
 
     ┌─────────────────────────────────────────────────────────┐       ┌─────────────────────────────────────────────────────────┐ 
     │   SCVCTM 4.1 2012 with Stage 2 Improvements             │       │   SCVCTM 4.1 2014 with Stage 3 Improvements             │ 
     │                                                         │       │                                                         │ 
     │                             AM PK HOUR     PM PK HOUR   │       │                             AM PK HOUR     PM PK HOUR   │ 
     │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │       │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │ 
     │                                                         │       │                                                         │ 
     │   NBL      2      3500      510    .15*    230    .07*  │       │   NBL      2      3500      510    .15*    300    .09*  │ 
     │   NBT      0         0        0              0          │       │   NBT      0         0        0              0          │ 
     │   NBR      2      3500      970    .28    1170    .33   │       │   NBR      2      3500      970    .28    1140    .33   │ 
     │                                                         │       │                                                         │ 
     │   SBL      0         0        0              0          │       │   SBL      0         0        0              0          │ 
     │   SBT      0         0        0              0          │       │   SBT      0         0        0              0          │ 
     │   SBR      0         0        0              0          │       │   SBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   EBL      0         0        0              0          │       │   EBL      0         0        0              0          │ 
     │   EBT      3      5250      720    .15     830    .19   │       │   EBT      3      5250      810    .17     910    .21   │ 
     │   EBR      0         0       70            180          │       │   EBR      0         0       70            190          │ 
     │                                                         │       │                                                         │ 
     │   WBL      2      3500      270    .08     290    .08   │       │   WBL      2      3500      270    .08     280    .08   │ 
     │   WBT      4      7000     2010    .29*   2030    .29*  │       │   WBT      4      7000     2020    .29*   2110    .30*  │ 
     │   WBR      0         0        0              0          │       │   WBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   Right Turn Adjustment     NBR    .02*    NBR    .18*  │       │   Right Turn Adjustment     NBR    .04*    NBR    .17*  │ 
     │   Clearance Interval               .10*           .10*  │       │   Clearance Interval               .10*           .10*  │ 
     └─────────────────────────────────────────────────────────┘       └─────────────────────────────────────────────────────────┘ 
         TOTAL CAPACITY UTILIZATION       .56            .64               TOTAL CAPACITY UTILIZATION       .58            .66 
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         13. I-5 NB Ramps & Valencia                              
                                                                  
     ┌─────────────────────────────────────────────────────────┐       ┌─────────────────────────────────────────────────────────┐ 
     │   SCVCTM 4.1 2018 with Stage 4 Improvements             │       │   SCVCTM 4.1 2022 with Stage 5 Improvements             │ 
     │                                                         │       │                                                         │ 
     │                             AM PK HOUR     PM PK HOUR   │       │                             AM PK HOUR     PM PK HOUR   │ 
     │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │       │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │ 
     │                                                         │       │                                                         │ 
     │   NBL      2      3500      610    .17*    470    .13*  │       │   NBL      2      3500      710    .20*    460    .13*  │ 
     │   NBT      0         0        0              0          │       │   NBT      0         0        0              0          │ 
     │   NBR      2      3500     1030    .29    1100    .31   │       │   NBR      2      3500     1010    .29     980    .28   │ 
     │                                                         │       │                                                         │ 
     │   SBL      0         0        0              0          │       │   SBL      0         0        0              0          │ 
     │   SBT      0         0        0              0          │       │   SBT      0         0        0              0          │ 
     │   SBR      0         0        0              0          │       │   SBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   EBL      0         0        0              0          │       │   EBL      0         0        0              0          │ 
     │   EBT      3      5250     1120    .23*   1060    .23   │       │   EBT      3      5250     1360    .28*   1320    .29   │ 
     │   EBR      0         0      100            160          │       │   EBR      0         0      110            180          │ 
     │                                                         │       │                                                         │ 
     │   WBL      2      3500      270    .08*    270    .08   │       │   WBL      2      3500      290    .08*    270    .08   │ 
     │   WBT      4      7000     1990    .28    2380    .34*  │       │   WBT      4      7000     2120    .30    2620    .37*  │ 
     │   WBR      0         0        0              0          │       │   WBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   Right Turn Adjustment     NBR    .06*    NBR    .10*  │       │   Right Turn Adjustment     NBR    .03*    NBR    .09*  │ 
     │   Clearance Interval               .10*           .10*  │       │   Clearance Interval               .10*           .10*  │ 
     └─────────────────────────────────────────────────────────┘       └─────────────────────────────────────────────────────────┘ 
         TOTAL CAPACITY UTILIZATION       .64            .67               TOTAL CAPACITY UTILIZATION       .69            .69 
 
 
     ┌─────────────────────────────────────────────────────────┐       ┌─────────────────────────────────────────────────────────┐ 
     │   SCVCTM 4.1 2025 with Stage 6a Improvements            │       │   SCVCTM 4.1 2030 with 6b Imp./no Potrero Bridge        │ 
     │                                                         │       │                                                         │ 
     │                             AM PK HOUR     PM PK HOUR   │       │                             AM PK HOUR     PM PK HOUR   │ 
     │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │       │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │ 
     │                                                         │       │                                                         │ 
     │   NBL      2      3500      700    .20*    480    .14*  │       │   NBL      2      3500      670    .19*    480    .14*  │ 
     │   NBT      0         0        0              0          │       │   NBT      0         0        0              0          │ 
     │   NBR      2      3500     1020    .29     920    .26   │       │   NBR      2      3500     1050    .30     880    .25   │ 
     │                                                         │       │                                                         │ 
     │   SBL      0         0        0              0          │       │   SBL      0         0        0              0          │ 
     │   SBT      0         0        0              0          │       │   SBT      0         0        0              0          │ 
     │   SBR      0         0        0              0          │       │   SBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   EBL      0         0        0              0          │       │   EBL      0         0        0              0          │ 
     │   EBT      3      5250     1430    .29*   1510    .33*  │       │   EBT      3      5250     1460    .30*   1660    .36*  │ 
     │   EBR      0         0      110            200          │       │   EBR      0         0      120            230          │ 
     │                                                         │       │                                                         │ 
     │   WBL      2      3500      310    .09*    270    .08*  │       │   WBL      2      3500      440    .13*    300    .09*  │ 
     │   WBT      4      7000     2160    .31    2650    .38   │       │   WBT      4      7000     2260    .32    2740    .39   │ 
     │   WBR      0         0        0              0          │       │   WBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   Right Turn Adjustment     NBR    .02*    NBR    .06*  │       │   Right Turn Adjustment     NBR    .01*    NBR    .04*  │ 
     │   Clearance Interval               .10*           .10*  │       │   Clearance Interval               .10*           .10*  │ 
     └─────────────────────────────────────────────────────────┘       └─────────────────────────────────────────────────────────┘ 
         TOTAL CAPACITY UTILIZATION       .70            .71               TOTAL CAPACITY UTILIZATION       .73            .73 
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         14. I-5 SB Ramps & McBean                                
                                                                  
     ┌─────────────────────────────────────────────────────────┐       ┌─────────────────────────────────────────────────────────┐ 
     │   Existing Count                                        │       │   SCVCTM 4.1 2011 with Stage 1 Improvements             │ 
     │                                                         │       │                                                         │ 
     │                             AM PK HOUR     PM PK HOUR   │       │                             AM PK HOUR     PM PK HOUR   │ 
     │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │       │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │ 
     │                                                         │       │                                                         │ 
     │   NBL      0         0        0              0          │       │   NBL      0         0        0              0          │ 
     │   NBT      0         0        0              0          │       │   NBT      0         0        0              0          │ 
     │   NBR      0         0        0              0          │       │   NBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   SBL      1      1750      144    .08*    406    .23*  │       │   SBL      1      1750      210    .12*    350    .20*  │ 
     │   SBT      0         0        0              0          │       │   SBT      0         0        0              0          │ 
     │   SBR      1      1750       57    .03     451    .26   │       │   SBR      1      1750      290    .17     320    .18   │ 
     │                                                         │       │                                                         │ 
     │   EBL      0         0        0              0          │       │   EBL      0         0        0              0          │ 
     │   EBT      2      3500      627    .18     950    .27   │       │   EBT      2      3500     1140    .33*   1360    .39   │ 
     │   EBR      1      1750      374    .21      93    .05   │       │   EBR      1      1750      370    .21     250    .14   │ 
     │                                                         │       │                                                         │ 
     │   WBL      0         0        0              0          │       │   WBL      0         0        0              0          │ 
     │   WBT      2      3500     1326    .38*   1043    .30*  │       │   WBT      2      3500      530    .15    1430    .41*  │ 
     │   WBR      1      1750      215    .12     480    .27   │       │   WBR      1      1750      450    .26     300    .17   │ 
     │                                                         │       │                                                         │ 
     │   Right Turn Adjustment                    SBR    .03*  │       │   Clearance Interval               .10*           .10*  │ 
     │   Clearance Interval               .10*           .10*  │       │   Note: Assumes Right-Turn Overlap for WBR              │ 
     │   Note: Assumes Right-Turn Overlap for WBR              │       └─────────────────────────────────────────────────────────┘ 
     └─────────────────────────────────────────────────────────┘           TOTAL CAPACITY UTILIZATION       .55            .71 
         TOTAL CAPACITY UTILIZATION       .56            .66      
 
 
     ┌─────────────────────────────────────────────────────────┐       ┌─────────────────────────────────────────────────────────┐ 
     │   SCVCTM 4.1 2012 with Stage 2 Improvements             │       │   SCVCTM 4.1 2014 with Stage 3 Improvements             │ 
     │                                                         │       │                                                         │ 
     │                             AM PK HOUR     PM PK HOUR   │       │                             AM PK HOUR     PM PK HOUR   │ 
     │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │       │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │ 
     │                                                         │       │                                                         │ 
     │   NBL      0         0        0              0          │       │   NBL      0         0        0              0          │ 
     │   NBT      0         0        0              0          │       │   NBT      0         0        0              0          │ 
     │   NBR      0         0        0              0          │       │   NBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   SBL      1      1750      230    .13*    330    .19*  │       │   SBL      1      1750      240    .14*    350    .20*  │ 
     │   SBT      0         0        0              0          │       │   SBT      0         0        0              0          │ 
     │   SBR      1      1750      290    .17     300    .17   │       │   SBR      1      1750      280    .16     210    .12   │ 
     │                                                         │       │                                                         │ 
     │   EBL      0         0        0              0          │       │   EBL      0         0        0              0          │ 
     │   EBT      2      3500     1020    .29*   1370    .39   │       │   EBT      2      3500     1010    .29*   1350    .39   │ 
     │   EBR      1      1750      380    .22     350    .20   │       │   EBR      1      1750      380    .22     370    .21   │ 
     │                                                         │       │                                                         │ 
     │   WBL      0         0        0              0          │       │   WBL      0         0        0              0          │ 
     │   WBT      2      3500      580    .17    1450    .41*  │       │   WBT      2      3500      600    .17    1440    .41*  │ 
     │   WBR      1      1750      450    .26     310    .18   │       │   WBR      1      1750      450    .26     340    .19   │ 
     │                                                         │       │                                                         │ 
     │   Clearance Interval               .10*           .10*  │       │   Clearance Interval               .10*           .10*  │ 
     │   Note: Assumes Right-Turn Overlap for WBR              │       │   Note: Assumes Right-Turn Overlap for WBR              │ 
     └─────────────────────────────────────────────────────────┘       └─────────────────────────────────────────────────────────┘ 
         TOTAL CAPACITY UTILIZATION       .52            .70               TOTAL CAPACITY UTILIZATION       .53            .71 
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         14. I-5 SB Ramps & McBean                                
                                                                  
     ┌─────────────────────────────────────────────────────────┐       ┌─────────────────────────────────────────────────────────┐ 
     │   SCVCTM 4.1 2018 with Stage 4 Improvements             │       │   SCVCTM 4.1 2022 with Stage 5 Improvements             │ 
     │                                                         │       │                                                         │ 
     │                             AM PK HOUR     PM PK HOUR   │       │                             AM PK HOUR     PM PK HOUR   │ 
     │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │       │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │ 
     │                                                         │       │                                                         │ 
     │   NBL      0         0        0              0          │       │   NBL      0         0        0              0          │ 
     │   NBT      0         0        0              0          │       │   NBT      0         0        0              0          │ 
     │   NBR      0         0        0              0          │       │   NBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   SBL      1      1750      290    .17*    460    .26*  │       │   SBL      1      1750      330    .19*    450    .26*  │ 
     │   SBT      0         0        0              0          │       │   SBT      0         0        0              0          │ 
     │   SBR      1      1750      310    .18     390    .22   │       │   SBR      1      1750      270    .15     360    .21   │ 
     │                                                         │       │                                                         │ 
     │   EBL      0         0        0              0          │       │   EBL      0         0        0              0          │ 
     │   EBT      2      3500     1060    .30*   1340    .38   │       │   EBT      2      3500     1080    .31*   1360    .39   │ 
     │   EBR      1      1750      390    .22     160    .09   │       │   EBR      1      1750      380    .22     190    .11   │ 
     │                                                         │       │                                                         │ 
     │   WBL      0         0        0              0          │       │   WBL      0         0        0              0          │ 
     │   WBT      2      3500      580    .17    1550    .44*  │       │   WBT      2      3500      670    .19    1730    .49*  │ 
     │   WBR      1      1750      440    .25     310    .18   │       │   WBR      1      1750      450    .26     320    .18   │ 
     │                                                         │       │                                                         │ 
     │   Clearance Interval               .10*           .10*  │       │   Clearance Interval               .10*           .10*  │ 
     │   Note: Assumes Right-Turn Overlap for WBR              │       │   Note: Assumes Right-Turn Overlap for WBR              │ 
     └─────────────────────────────────────────────────────────┘       └─────────────────────────────────────────────────────────┘ 
         TOTAL CAPACITY UTILIZATION       .57            .80               TOTAL CAPACITY UTILIZATION       .60            .85 
 
 
     ┌─────────────────────────────────────────────────────────┐       ┌─────────────────────────────────────────────────────────┐ 
     │   SCVCTM 4.1 2025 with Stage 6a Improvements            │       │   SCVCTM 4.1 2030 with 6b Imp./no Potrero Bridge        │ 
     │                                                         │       │                                                         │ 
     │                             AM PK HOUR     PM PK HOUR   │       │                             AM PK HOUR     PM PK HOUR   │ 
     │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │       │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │ 
     │                                                         │       │                                                         │ 
     │   NBL      0         0        0              0          │       │   NBL      0         0        0              0          │ 
     │   NBT      0         0        0              0          │       │   NBT      0         0        0              0          │ 
     │   NBR      0         0        0              0          │       │   NBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   SBL      2      3500      380    .11*    550    .16*  │       │   SBL      2      3500      420    .12*    540    .15*  │ 
     │   SBT      0         0        0              0          │       │   SBT      0         0        0              0          │ 
     │   SBR      1      1750      260    .15     340    .19   │       │   SBR      1      1750      250    .14     340    .19   │ 
     │                                                         │       │                                                         │ 
     │   EBL      0         0        0              0          │       │   EBL      0         0        0              0          │ 
     │   EBT      2      3500     1070    .31*   1310    .37   │       │   EBT      2      3500     1060    .30*   1340    .38   │ 
     │   EBR      1      1750      370    .21     180    .10   │       │   EBR      1      1750      360    .21     270    .15   │ 
     │                                                         │       │                                                         │ 
     │   WBL      0         0        0              0          │       │   WBL      0         0        0              0          │ 
     │   WBT      2      3500      710    .20    1790    .51*  │       │   WBT      2      3500      800    .23    1810    .52*  │ 
     │   WBR      1      1750      440    .25     310    .18   │       │   WBR      1      1750      430    .25     320    .18   │ 
     │                                                         │       │                                                         │ 
     │   Right Turn Adjustment                    SBR    .03*  │       │   Right Turn Adjustment                    SBR    .04*  │ 
     │   Clearance Interval               .10*           .10*  │       │   Clearance Interval               .10*           .10*  │ 
     │   Note: Assumes Right-Turn Overlap for WBR              │       │   Note: Assumes Right-Turn Overlap for WBR              │ 
     └─────────────────────────────────────────────────────────┘       └─────────────────────────────────────────────────────────┘ 
         TOTAL CAPACITY UTILIZATION       .52            .80               TOTAL CAPACITY UTILIZATION       .52            .81 
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         15. I-5 NB Ramps & McBean                                
                                                                  
     ┌─────────────────────────────────────────────────────────┐       ┌─────────────────────────────────────────────────────────┐ 
     │   Existing Count                                        │       │   SCVCTM 4.1 2011 with Stage 1 Improvements             │ 
     │                                                         │       │                                                         │ 
     │                             AM PK HOUR     PM PK HOUR   │       │                             AM PK HOUR     PM PK HOUR   │ 
     │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │       │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │ 
     │                                                         │       │                                                         │ 
     │   NBL      2      3500      135    .04*    338    .10*  │       │   NBL      2      3500       90    .03*    410    .12*  │ 
     │   NBT      0         0        0              0          │       │   NBT      0         0        0              0          │ 
     │   NBR      2      3500      284    .08     742    .21   │       │   NBR      2      3500      520    .15     710    .20   │ 
     │                                                         │       │                                                         │ 
     │   SBL      0         0        0              0          │       │   SBL      0         0        0              0          │ 
     │   SBT      0         0        0              0          │       │   SBT      0         0        0              0          │ 
     │   SBR      0         0        0              0          │       │   SBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   EBL      0         0        0              0          │       │   EBL      0         0        0              0          │ 
     │   EBT      2      3500      633    .18    1213    .35*  │       │   EBT      2      3500      990    .28*   1430    .41*  │ 
     │   EBR      1      1750      133    .08     142    .08   │       │   EBR      1      1750      370    .21     280    .16   │ 
     │                                                         │       │                                                         │ 
     │   WBL      0         0        0              0          │       │   WBL      0         0        0              0          │ 
     │   WBT      3      5250     1406    .27*   1185    .23   │       │   WBT      3      5250      890    .17    1290    .25   │ 
     │   WBR      1      1750      101    .06     122    .07   │       │   WBR      1      1750      120    .07     170    .10   │ 
     │                                                         │       │                                                         │ 
     │   Right Turn Adjustment                    NBR    .11*  │       │   Right Turn Adjustment     NBR    .12*    NBR    .08*  │ 
     │   Clearance Interval               .10*           .10*  │       │   Clearance Interval               .10*           .10*  │ 
     └─────────────────────────────────────────────────────────┘       └─────────────────────────────────────────────────────────┘ 
         TOTAL CAPACITY UTILIZATION       .41            .66               TOTAL CAPACITY UTILIZATION       .53            .71 
 
 
     ┌─────────────────────────────────────────────────────────┐       ┌─────────────────────────────────────────────────────────┐ 
     │   SCVCTM 4.1 2012 with Stage 2 Improvements             │       │   SCVCTM 4.1 2014 with Stage 3 Improvements             │ 
     │                                                         │       │                                                         │ 
     │                             AM PK HOUR     PM PK HOUR   │       │                             AM PK HOUR     PM PK HOUR   │ 
     │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │       │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │ 
     │                                                         │       │                                                         │ 
     │   NBL      2      3500      110    .03*    430    .12*  │       │   NBL      2      3500      110    .03*    420    .12*  │ 
     │   NBT      0         0        0              0          │       │   NBT      0         0        0              0          │ 
     │   NBR      2      3500      540    .15     640    .18   │       │   NBR      2      3500      520    .15     670    .19   │ 
     │                                                         │       │                                                         │ 
     │   SBL      0         0        0              0          │       │   SBL      0         0        0              0          │ 
     │   SBT      0         0        0              0          │       │   SBT      0         0        0              0          │ 
     │   SBR      0         0        0              0          │       │   SBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   EBL      0         0        0              0          │       │   EBL      0         0        0              0          │ 
     │   EBT      2      3500     1000    .29*   1420    .41*  │       │   EBT      2      3500     1020    .29*   1450    .41*  │ 
     │   EBR      1      1750      270    .15     280    .16   │       │   EBR      1      1750      250    .14     260    .15   │ 
     │                                                         │       │                                                         │ 
     │   WBL      0         0        0              0          │       │   WBL      0         0        0              0          │ 
     │   WBT      3      5250      930    .18    1300    .25   │       │   WBT      3      5250      950    .18    1340    .26   │ 
     │   WBR      1      1750      110    .06     170    .10   │       │   WBR      1      1750      110    .06     170    .10   │ 
     │                                                         │       │                                                         │ 
     │   Right Turn Adjustment     NBR    .12*    NBR    .06*  │       │   Right Turn Adjustment     NBR    .12*    NBR    .07*  │ 
     │   Clearance Interval               .10*           .10*  │       │   Clearance Interval               .10*           .10*  │ 
     └─────────────────────────────────────────────────────────┘       └─────────────────────────────────────────────────────────┘ 
         TOTAL CAPACITY UTILIZATION       .54            .69               TOTAL CAPACITY UTILIZATION       .54            .70 
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         15. I-5 NB Ramps & McBean                                
                                                                  
     ┌─────────────────────────────────────────────────────────┐       ┌─────────────────────────────────────────────────────────┐ 
     │   SCVCTM 4.1 2018 with Stage 4 Improvements             │       │   SCVCTM 4.1 2022 with Stage 5 Improvements             │ 
     │                                                         │       │                                                         │ 
     │                             AM PK HOUR     PM PK HOUR   │       │                             AM PK HOUR     PM PK HOUR   │ 
     │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │       │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │ 
     │                                                         │       │                                                         │ 
     │   NBL      2      3500      100    .03*    430    .12*  │       │   NBL      2      3500      120    .03*    530    .15*  │ 
     │   NBT      0         0        0              0          │       │   NBT      0         0        0              0          │ 
     │   NBR      2      3500      520    .15     670    .19   │       │   NBR      2      3500      530    .15     820    .23   │ 
     │                                                         │       │                                                         │ 
     │   SBL      0         0        0              0          │       │   SBL      0         0        0              0          │ 
     │   SBT      0         0        0              0          │       │   SBT      0         0        0              0          │ 
     │   SBR      0         0        0              0          │       │   SBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   EBL      0         0        0              0          │       │   EBL      0         0        0              0          │ 
     │   EBT      2      3500     1090    .31*   1510    .43*  │       │   EBT      2      3500     1160    .33*   1520    .43*  │ 
     │   EBR      1      1750      280    .16     290    .17   │       │   EBR      1      1750      270    .15     290    .17   │ 
     │                                                         │       │                                                         │ 
     │   WBL      0         0        0              0          │       │   WBL      0         0        0              0          │ 
     │   WBT      3      5250      930    .18    1390    .26   │       │   WBT      3      5250     1020    .19    1480    .28   │ 
     │   WBR      1      1750      120    .07     190    .11   │       │   WBR      1      1750      130    .07     210    .12   │ 
     │                                                         │       │                                                         │ 
     │   Right Turn Adjustment     NBR    .12*    NBR    .07*  │       │   Right Turn Adjustment     NBR    .12*    NBR    .08*  │ 
     │   Clearance Interval               .10*           .10*  │       │   Clearance Interval               .10*           .10*  │ 
     └─────────────────────────────────────────────────────────┘       └─────────────────────────────────────────────────────────┘ 
         TOTAL CAPACITY UTILIZATION       .56            .72               TOTAL CAPACITY UTILIZATION       .58            .76 
 
 
     ┌─────────────────────────────────────────────────────────┐       ┌─────────────────────────────────────────────────────────┐ 
     │   SCVCTM 4.1 2025 with Stage 6a Improvements            │       │   SCVCTM 4.1 2030 with 6b Imp./no Potrero Bridge        │ 
     │                                                         │       │                                                         │ 
     │                             AM PK HOUR     PM PK HOUR   │       │                             AM PK HOUR     PM PK HOUR   │ 
     │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │       │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │ 
     │                                                         │       │                                                         │ 
     │   NBL      2      3500       90    .03*    470    .13*  │       │   NBL      2      3500      100    .03*    480    .14*  │ 
     │   NBT      0         0        0              0          │       │   NBT      0         0        0              0          │ 
     │   NBR      2      3500      560    .16     890    .25   │       │   NBR      2      3500      640    .18     970    .28   │ 
     │                                                         │       │                                                         │ 
     │   SBL      0         0        0              0          │       │   SBL      0         0        0              0          │ 
     │   SBT      0         0        0              0          │       │   SBT      0         0        0              0          │ 
     │   SBR      0         0        0              0          │       │   SBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   EBL      0         0        0              0          │       │   EBL      0         0        0              0          │ 
     │   EBT      2      3500     1210    .35*   1600    .46*  │       │   EBT      2      3500     1220    .35*   1630    .47*  │ 
     │   EBR      1      1750      250    .14     270    .15   │       │   EBR      1      1750      250    .14     250    .14   │ 
     │                                                         │       │                                                         │ 
     │   WBL      0         0        0              0          │       │   WBL      0         0        0              0          │ 
     │   WBT      3      5250     1080    .21    1600    .30   │       │   WBT      3      5250     1150    .22    1610    .31   │ 
     │   WBR      1      1750      160    .09     230    .13   │       │   WBR      1      1750      170    .10     270    .15   │ 
     │                                                         │       │                                                         │ 
     │   Right Turn Adjustment     NBR    .13*    NBR    .12*  │       │   Right Turn Adjustment     NBR    .15*    NBR    .14*  │ 
     │   Clearance Interval               .10*           .10*  │       │   Clearance Interval               .10*           .10*  │ 
     └─────────────────────────────────────────────────────────┘       └─────────────────────────────────────────────────────────┘ 
         TOTAL CAPACITY UTILIZATION       .61            .81               TOTAL CAPACITY UTILIZATION       .63            .85 
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         16. I-5 SB Loop & Lyons                                  
                                                                  
     ┌─────────────────────────────────────────────────────────┐       ┌─────────────────────────────────────────────────────────┐ 
     │   Existing Count                                        │       │   SCVCTM 4.1 2011 with Stage 1 Improvements             │ 
     │                                                         │       │                                                         │ 
     │                             AM PK HOUR     PM PK HOUR   │       │                             AM PK HOUR     PM PK HOUR   │ 
     │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │       │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │ 
     │                                                         │       │                                                         │ 
     │   NBL      0         0        0              0          │       │   NBL      0         0        0              0          │ 
     │   NBT      0         0        0              0          │       │   NBT      0         0        0              0          │ 
     │   NBR      1      1750       67    .04      68    .04   │       │   NBR      1      1750       70    .04      70    .04   │ 
     │                                                         │       │                                                         │ 
     │   SBL      1.5              332            375          │       │   SBL      1.5              460            460          │ 
     │   SBT      0.5    3500      136    .13*     71    .13*  │       │   SBT      0.5    3500       10    .13*    310    .22*  │ 
     │   SBR      1      1750       45    .03     118    .07   │       │   SBR      1      1750      410    .23      10    .01   │ 
     │                                                         │       │                                                         │ 
     │   EBL      0         0        0              0          │       │   EBL      0         0        0              0          │ 
     │   EBT      2      3500      895    .27*    873    .27   │       │   EBT      2      3500      530    .16    1150    .34*  │ 
     │   EBR      0         0       56             58          │       │   EBR      0         0       30             50          │ 
     │                                                         │       │                                                         │ 
     │   WBL      1      1750       48    .03*     53    .03   │       │   WBL      1      1750       30    .02     170    .10*  │ 
     │   WBT      2      3500      612    .17    1281    .37*  │       │   WBT      2      3500      800    .23*   1180    .34   │ 
     │   WBR      1      1750      427    .24     282    .16   │       │   WBR      1      1750      380    .22     120    .07   │ 
     │                                                         │       │                                                         │ 
     │   Right Turn Adjustment     NBR    .02*                 │       │   Right Turn Adjustment     SBR    .10*                 │ 
     │   Clearance Interval               .10*           .10*  │       │   Clearance Interval               .10*           .10*  │ 
     └─────────────────────────────────────────────────────────┘       └─────────────────────────────────────────────────────────┘ 
         TOTAL CAPACITY UTILIZATION       .55            .60               TOTAL CAPACITY UTILIZATION       .56            .76 
 
 
     ┌─────────────────────────────────────────────────────────┐       ┌─────────────────────────────────────────────────────────┐ 
     │   SCVCTM 4.1 2012 with Stage 2 Improvements             │       │   SCVCTM 4.1 2014 with Stage 3 Improvements             │ 
     │                                                         │       │                                                         │ 
     │                             AM PK HOUR     PM PK HOUR   │       │                             AM PK HOUR     PM PK HOUR   │ 
     │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │       │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │ 
     │                                                         │       │                                                         │ 
     │   NBL      0         0        0              0          │       │   NBL      0         0        0              0          │ 
     │   NBT      0         0        0              0          │       │   NBT      0         0        0              0          │ 
     │   NBR      1      1750       60    .03      70    .04   │       │   NBR      1      1750       60    .03      70    .04   │ 
     │                                                         │       │                                                         │ 
     │   SBL      1.5              490            410          │       │   SBL      1.5              520            440          │ 
     │   SBT      0.5    3500       10    .14*    280    .20*  │       │   SBT      0.5    3500       10    .15*    290    .21*  │ 
     │   SBR      1      1750      430    .25      10    .01   │       │   SBR      1      1750      430    .25      10    .01   │ 
     │                                                         │       │                                                         │ 
     │   EBL      0         0        0              0          │       │   EBL      0         0        0              0          │ 
     │   EBT      2      3500      500    .15    1100    .33*  │       │   EBT      2      3500      490    .15    1070    .32*  │ 
     │   EBR      0         0       30             50          │       │   EBR      0         0       30             50          │ 
     │                                                         │       │                                                         │ 
     │   WBL      1      1750       30    .02     160    .09*  │       │   WBL      1      1750       30    .02     140    .08*  │ 
     │   WBT      2      3500      760    .22*   1150    .33   │       │   WBT      2      3500      770    .22*   1190    .34   │ 
     │   WBR      1      1750      280    .16     110    .06   │       │   WBR      1      1750      290    .17     100    .06   │ 
     │                                                         │       │                                                         │ 
     │   Right Turn Adjustment     SBR    .11*                 │       │   Right Turn Adjustment     SBR    .10*                 │ 
     │   Clearance Interval               .10*           .10*  │       │   Clearance Interval               .10*           .10*  │ 
     └─────────────────────────────────────────────────────────┘       └─────────────────────────────────────────────────────────┘ 
         TOTAL CAPACITY UTILIZATION       .57            .72               TOTAL CAPACITY UTILIZATION       .57            .71 
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         16. I-5 SB Loop & Lyons                                  
                                                                  
     ┌─────────────────────────────────────────────────────────┐       ┌─────────────────────────────────────────────────────────┐ 
     │   SCVCTM 4.1 2018 with Stage 4 Improvements             │       │   SCVCTM 4.1 2022 with Stage 5 Improvements             │ 
     │                                                         │       │                                                         │ 
     │                             AM PK HOUR     PM PK HOUR   │       │                             AM PK HOUR     PM PK HOUR   │ 
     │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │       │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │ 
     │                                                         │       │                                                         │ 
     │   NBL      0         0        0              0          │       │   NBL      0         0        0              0          │ 
     │   NBT      0         0        0              0          │       │   NBT      0         0        0              0          │ 
     │   NBR      1      1750       60    .03      70    .04   │       │   NBR      1      1750       60    .03      70    .04   │ 
     │                                                         │       │                                                         │ 
     │   SBL      1.5              660            560          │       │   SBL      1.5              720            540          │ 
     │   SBT      0.5    3500       10    .19*    330    .25*  │       │   SBT      0.5    3500       10    .21*    320    .25*  │ 
     │   SBR      1      1750      440    .25      10    .01   │       │   SBR      1      1750      430    .25      10    .01   │ 
     │                                                         │       │                                                         │ 
     │   EBL      0         0        0              0          │       │   EBL      0         0        0              0          │ 
     │   EBT      2      3500      560    .17    1090    .33*  │       │   EBT      2      3500      620    .19    1260    .37*  │ 
     │   EBR      0         0       30             50          │       │   EBR      0         0       30             50          │ 
     │                                                         │       │                                                         │ 
     │   WBL      1      1750       30    .02     140    .08*  │       │   WBL      1      1750       30    .02     150    .09*  │ 
     │   WBT      2      3500      760    .22*   1260    .36   │       │   WBT      2      3500      800    .23*   1480    .42   │ 
     │   WBR      1      1750      260    .15     110    .06   │       │   WBR      1      1750      260    .15     110    .06   │ 
     │                                                         │       │                                                         │ 
     │   Right Turn Adjustment     SBR    .06*                 │       │   Right Turn Adjustment     SBR    .04*                 │ 
     │   Clearance Interval               .10*           .10*  │       │   Clearance Interval               .10*           .10*  │ 
     └─────────────────────────────────────────────────────────┘       └─────────────────────────────────────────────────────────┘ 
         TOTAL CAPACITY UTILIZATION       .57            .76               TOTAL CAPACITY UTILIZATION       .58            .81 
 
 
     ┌─────────────────────────────────────────────────────────┐       ┌─────────────────────────────────────────────────────────┐ 
     │   SCVCTM 4.1 2025 with Stage 6a Improvements            │       │   SCVCTM 4.1 2030 with 6b Imp./no Potrero Bridge        │ 
     │                                                         │       │                                                         │ 
     │                             AM PK HOUR     PM PK HOUR   │       │                             AM PK HOUR     PM PK HOUR   │ 
     │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │       │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │ 
     │                                                         │       │                                                         │ 
     │   NBL      0         0        0              0          │       │   NBL      0         0        0              0          │ 
     │   NBT      0         0        0              0          │       │   NBT      0         0        0              0          │ 
     │   NBR      1      1750       70    .04      70    .04   │       │   NBR      1      1750       70    .04      70    .04   │ 
     │                                                         │       │                                                         │ 
     │   SBL      1.5              710            580          │       │   SBL      1.5              770            610          │ 
     │   SBT      0.5    3500       10    .21*    300    .25*  │       │   SBT      0.5    3500       10    .22*    310    .26*  │ 
     │   SBR      1      1750      420    .24      10    .01   │       │   SBR      1      1750      400    .23      10    .01   │ 
     │                                                         │       │                                                         │ 
     │   EBL      0         0        0              0          │       │   EBL      0         0        0              0          │ 
     │   EBT      2      3500      740    .22*   1410    .42*  │       │   EBT      3      5250      820    .16    1520    .30   │ 
     │   EBR      0         0       30             50          │       │   EBR      0         0       30             50          │ 
     │                                                         │       │                                                         │ 
     │   WBL      1      1750       30    .02*    170    .10*  │       │   WBL      1      1750       30    .02     170    .10   │ 
     │   WBT      2      3500      850    .24    1610    .46   │       │   WBT      2      3500      890    .25*   1700    .49*  │ 
     │   WBR      1      1750      250    .14     110    .06   │       │   WBR      1      1750      250    .14     110    .06   │ 
     │                                                         │       │                                                         │ 
     │   Right Turn Adjustment   Multi    .05*                 │       │   Right Turn Adjustment     SBR    .01*                 │ 
     │   Clearance Interval               .10*           .10*  │       │   Clearance Interval               .10*           .10*  │ 
     └─────────────────────────────────────────────────────────┘       └─────────────────────────────────────────────────────────┘ 
         TOTAL CAPACITY UTILIZATION       .60            .87               TOTAL CAPACITY UTILIZATION       .58            .85 
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         17. I-5 NB Ramps & Lyons                                 
                                                                  
     ┌─────────────────────────────────────────────────────────┐       ┌─────────────────────────────────────────────────────────┐ 
     │   Existing Count                                        │       │   SCVCTM 4.1 2011 with Stage 1 Improvements             │ 
     │                                                         │       │                                                         │ 
     │                             AM PK HOUR     PM PK HOUR   │       │                             AM PK HOUR     PM PK HOUR   │ 
     │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │       │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │ 
     │                                                         │       │                                                         │ 
     │   NBL      1.5              251  {.07}*    685  {.20}*  │       │   NBL      1.5              100  {.03}*    530  {.15}*  │ 
     │   NBT      0.5    3500        1    .07       0    .20   │       │   NBT      0.5    3500       10    .03       0    .15   │ 
     │   NBR      f                334            645          │       │   NBR      f                170            410          │ 
     │                                                         │       │                                                         │ 
     │   SBL      0         0        0              0          │       │   SBL      0         0        0              0          │ 
     │   SBT      0         0        0              0          │       │   SBT      0         0        0              0          │ 
     │   SBR      0         0        0              0          │       │   SBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   EBL      1      1750      158    .09*    183    .10*  │       │   EBL      1      1750       90    .05*    160    .09   │ 
     │   EBT      2      3500      719    .21    1081    .31   │       │   EBT      2      3500      950    .27    1590    .45*  │ 
     │   EBR      0         0        0              0          │       │   EBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   WBL      0         0        0              0          │       │   WBL      0         0        0              0          │ 
     │   WBT      3      5250     1066    .27*   1017    .28*  │       │   WBT      3      5250     1120    .32*    930    .27   │ 
     │   WBR      0         0      326            445          │       │   WBR      0         0      550            720    .41   │ 
     │                                                         │       │                                                         │ 
     │   Clearance Interval               .10*           .10*  │       │   Right Turn Adjustment                    WBR    .05*  │ 
     └─────────────────────────────────────────────────────────┘       │   Clearance Interval               .10*           .10*  │ 
         TOTAL CAPACITY UTILIZATION       .53            .68           └─────────────────────────────────────────────────────────┘ 
                                                                           TOTAL CAPACITY UTILIZATION       .50            .75 
 
 
     ┌─────────────────────────────────────────────────────────┐       ┌─────────────────────────────────────────────────────────┐ 
     │   SCVCTM 4.1 2012 with Stage 2 Improvements             │       │   SCVCTM 4.1 2014 with Stage 3 Improvements             │ 
     │                                                         │       │                                                         │ 
     │                             AM PK HOUR     PM PK HOUR   │       │                             AM PK HOUR     PM PK HOUR   │ 
     │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │       │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │ 
     │                                                         │       │                                                         │ 
     │   NBL      1.5              100  {.03}*    540  {.15}*  │       │   NBL      1.5              100  {.03}*    530  {.15}*  │ 
     │   NBT      0.5    3500       10    .03       0    .15   │       │   NBT      0.5    3500       10    .03       0    .15   │ 
     │   NBR      f                170            350          │       │   NBR      f                170            340          │ 
     │                                                         │       │                                                         │ 
     │   SBL      0         0        0              0          │       │   SBL      0         0        0              0          │ 
     │   SBT      0         0        0              0          │       │   SBT      0         0        0              0          │ 
     │   SBR      0         0        0              0          │       │   SBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   EBL      1      1750       80    .05*    160    .09   │       │   EBL      1      1750       70    .04*    160    .09   │ 
     │   EBT      2      3500      950    .27    1510    .43*  │       │   EBT      2      3500      980    .28    1520    .43*  │ 
     │   EBR      0         0        0              0          │       │   EBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   WBL      0         0        0              0          │       │   WBL      0         0        0              0          │ 
     │   WBT      3      5250      980    .27*    880    .25   │       │   WBT      3      5250      990    .27*    880    .25   │ 
     │   WBR      0         0      430            730    .42   │       │   WBR      0         0      440            750    .43   │ 
     │                                                         │       │                                                         │ 
     │   Right Turn Adjustment                    WBR    .08*  │       │   Right Turn Adjustment                    WBR    .09*  │ 
     │   Clearance Interval               .10*           .10*  │       │   Clearance Interval               .10*           .10*  │ 
     └─────────────────────────────────────────────────────────┘       └─────────────────────────────────────────────────────────┘ 
         TOTAL CAPACITY UTILIZATION       .45            .76               TOTAL CAPACITY UTILIZATION       .44            .77 
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         17. I-5 NB Ramps & Lyons                                 
                                                                  
     ┌─────────────────────────────────────────────────────────┐       ┌─────────────────────────────────────────────────────────┐ 
     │   SCVCTM 4.1 2018 with Stage 4 Improvements             │       │   SCVCTM 4.1 2022 with Stage 5 Improvements             │ 
     │                                                         │       │                                                         │ 
     │                             AM PK HOUR     PM PK HOUR   │       │                             AM PK HOUR     PM PK HOUR   │ 
     │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │       │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │ 
     │                                                         │       │                                                         │ 
     │   NBL      1.5              100  {.03}*    580  {.17}*  │       │   NBL      1.5              100  {.03}*    660  {.19}*  │ 
     │   NBT      0.5    3500       10    .03       0    .17   │       │   NBT      0.5    3500       10    .03       0    .19   │ 
     │   NBR      f                170            320          │       │   NBR      f                160            340          │ 
     │                                                         │       │                                                         │ 
     │   SBL      0         0        0              0          │       │   SBL      0         0        0              0          │ 
     │   SBT      0         0        0              0          │       │   SBT      0         0        0              0          │ 
     │   SBR      0         0        0              0          │       │   SBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   EBL      1      1750      110    .06*    170    .10   │       │   EBL      1      1750      110    .06     150    .09   │ 
     │   EBT      2      3500     1130    .32    1600    .46*  │       │   EBT      2      3500     1270    .36*   1690    .48*  │ 
     │   EBR      0         0        0              0          │       │   EBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   WBL      0         0        0              0          │       │   WBL      0         0        0              0          │ 
     │   WBT      3      5250      950    .27*    910    .26   │       │   WBT      3      5250      990    .28    1100    .31   │ 
     │   WBR      0         0      510    .29     870    .50   │       │   WBR      0         0      500    .29     890    .51   │ 
     │                                                         │       │                                                         │ 
     │   Right Turn Adjustment     WBR    .02*    WBR    .14*  │       │   Right Turn Adjustment                    WBR    .12*  │ 
     │   Clearance Interval               .10*           .10*  │       │   Clearance Interval               .10*           .10*  │ 
     └─────────────────────────────────────────────────────────┘       └─────────────────────────────────────────────────────────┘ 
         TOTAL CAPACITY UTILIZATION       .48            .87               TOTAL CAPACITY UTILIZATION       .49            .89 
 
 
     ┌─────────────────────────────────────────────────────────┐       ┌─────────────────────────────────────────────────────────┐ 
     │   SCVCTM 4.1 2025 with Stage 6a Improvements            │       │   SCVCTM 4.1 2030 with 6b Imp./no Potrero Bridge        │ 
     │                                                         │       │                                                         │ 
     │                             AM PK HOUR     PM PK HOUR   │       │                             AM PK HOUR     PM PK HOUR   │ 
     │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │       │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │ 
     │                                                         │       │                                                         │ 
     │   NBL      1.5              130  {.04}*    790  {.23}*  │       │   NBL      1.5              120  {.04}*    760  {.22}*  │ 
     │   NBT      0.5    3500       10    .04       0    .23   │       │   NBT      0.5    3500       10    .04       0    .22   │ 
     │   NBR      f                160            340          │       │   NBR      f                160            370          │ 
     │                                                         │       │                                                         │ 
     │   SBL      0         0        0              0          │       │   SBL      0         0        0              0          │ 
     │   SBT      0         0        0              0          │       │   SBT      0         0        0              0          │ 
     │   SBR      0         0        0              0          │       │   SBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   EBL      1      1750      110    .06     140    .08   │       │   EBL      1      1750      110    .06     140    .08   │ 
     │   EBT      2      3500     1300    .37*   1850    .53*  │       │   EBT      2      3500     1380    .39*   1980    .57*  │ 
     │   EBR      0         0        0              0          │       │   EBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   WBL      0         0        0              0          │       │   WBL      0         0        0              0          │ 
     │   WBT      3      5250     1010    .19    1140    .22   │       │   WBT      3      5250     1090    .21    1270    .24   │ 
     │   WBR      f                510            910          │       │   WBR      f                530            950          │ 
     │                                                         │       │                                                         │ 
     │   Clearance Interval               .10*           .10*  │       │   Clearance Interval               .10*           .10*  │ 
     └─────────────────────────────────────────────────────────┘       └─────────────────────────────────────────────────────────┘ 
         TOTAL CAPACITY UTILIZATION       .51            .86               TOTAL CAPACITY UTILIZATION       .53            .89 
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         18. I-5 SB Ramps & Calgrove                              
                                                                  
     ┌─────────────────────────────────────────────────────────┐       ┌─────────────────────────────────────────────────────────┐ 
     │   Existing Count                                        │       │   SCVCTM 4.1 2011 with Stage 1 Improvements             │ 
     │                                                         │       │                                                         │ 
     │                             AM PK HOUR     PM PK HOUR   │       │                             AM PK HOUR     PM PK HOUR   │ 
     │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │       │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │ 
     │                                                         │       │                                                         │ 
     │   NBL      0         0        0              0          │       │   NBL      0         0        0              0          │ 
     │   NBT      0         0        0              0          │       │   NBT      0         0        0              0          │ 
     │   NBR      0         0        0              0          │       │   NBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   SBL      0.5               21             91          │       │   SBL      0.5               30            130          │ 
     │   SBT      0.5    1750        1    .01*      3    .05*  │       │   SBT      0.5    1750       10    .02*     10    .08*  │ 
     │   SBR      1      1750      255    .15     135    .08   │       │   SBR      1      1750      270    .15     230    .13   │ 
     │                                                         │       │                                                         │ 
     │   EBL      0         0        0              0          │       │   EBL      0         0        0              0          │ 
     │   EBT      1      1750      110    .11*    657    .42*  │       │   EBT      1      1750      370    .33*    660    .42*  │ 
     │   EBR      0         0       74             70          │       │   EBR      0         0      200             80          │ 
     │                                                         │       │                                                         │ 
     │   WBL      1      1750      466    .27*    123    .07*  │       │   WBL      1      1750      400    .23*    100    .06*  │ 
     │   WBT      1      1750      350    .20     212    .12   │       │   WBT      1      1750      430    .25     180    .10   │ 
     │   WBR      0         0        0              0          │       │   WBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   Clearance Interval               .10*           .10*  │       │   Clearance Interval               .10*           .10*  │ 
     └─────────────────────────────────────────────────────────┘       └─────────────────────────────────────────────────────────┘ 
         TOTAL CAPACITY UTILIZATION       .49            .64               TOTAL CAPACITY UTILIZATION       .68            .66 
 
 
     ┌─────────────────────────────────────────────────────────┐       ┌─────────────────────────────────────────────────────────┐ 
     │   SCVCTM 4.1 2012 with Stage 2 Improvements             │       │   SCVCTM 4.1 2014 with Stage 3 Improvements             │ 
     │                                                         │       │                                                         │ 
     │                             AM PK HOUR     PM PK HOUR   │       │                             AM PK HOUR     PM PK HOUR   │ 
     │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │       │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │ 
     │                                                         │       │                                                         │ 
     │   NBL      0         0        0              0          │       │   NBL      0         0        0              0          │ 
     │   NBT      0         0        0              0          │       │   NBT      0         0        0              0          │ 
     │   NBR      0         0        0              0          │       │   NBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   SBL      0.5               30            130          │       │   SBL      0.5               30            130          │ 
     │   SBT      0.5    1750       10    .02*     10    .08*  │       │   SBT      0.5    1750       10    .02*     10    .08*  │ 
     │   SBR      1      1750      280    .16     220    .13   │       │   SBR      1      1750      290    .17     200    .11   │ 
     │                                                         │       │                                                         │ 
     │   EBL      0         0        0              0          │       │   EBL      0         0        0              0          │ 
     │   EBT      1      1750      350    .31*    680    .46*  │       │   EBT      1      1750      340    .31*    670    .46*  │ 
     │   EBR      0         0      200            130          │       │   EBR      0         0      200            130          │ 
     │                                                         │       │                                                         │ 
     │   WBL      1      1750      400    .23*    110    .06*  │       │   WBL      1      1750      400    .23*    110    .06*  │ 
     │   WBT      1      1750      450    .26     180    .10   │       │   WBT      1      1750      450    .26     180    .10   │ 
     │   WBR      0         0        0              0          │       │   WBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   Clearance Interval               .10*           .10*  │       │   Clearance Interval               .10*           .10*  │ 
     └─────────────────────────────────────────────────────────┘       └─────────────────────────────────────────────────────────┘ 
         TOTAL CAPACITY UTILIZATION       .66            .70               TOTAL CAPACITY UTILIZATION       .66            .70 
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         18. I-5 SB Ramps & Calgrove                              
                                                                  
     ┌─────────────────────────────────────────────────────────┐       ┌─────────────────────────────────────────────────────────┐ 
     │   SCVCTM 4.1 2018 with Stage 4 Improvements             │       │   SCVCTM 4.1 2022 with Stage 5 Improvements             │ 
     │                                                         │       │                                                         │ 
     │                             AM PK HOUR     PM PK HOUR   │       │                             AM PK HOUR     PM PK HOUR   │ 
     │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │       │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │ 
     │                                                         │       │                                                         │ 
     │   NBL      0         0        0              0          │       │   NBL      0         0        0              0          │ 
     │   NBT      0         0        0              0          │       │   NBT      0         0        0              0          │ 
     │   NBR      0         0        0              0          │       │   NBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   SBL      0.5               30            160          │       │   SBL      0.5               40            180          │ 
     │   SBT      0.5    1750       10    .02*     10    .10*  │       │   SBT      0.5    1750       10    .03*     10    .11*  │ 
     │   SBR      1      1750      350    .20     380    .22   │       │   SBR      1      1750      380    .22     380    .22   │ 
     │                                                         │       │                                                         │ 
     │   EBL      0         0        0              0          │       │   EBL      0         0        0              0          │ 
     │   EBT      1      1750      410    .35*    740    .47*  │       │   EBT      1      1750      440    .38*    830    .53*  │ 
     │   EBR      0         0      210             80          │       │   EBR      0         0      230             90          │ 
     │                                                         │       │                                                         │ 
     │   WBL      1      1750      400    .23*    120    .07*  │       │   WBL      1      1750      400    .23*    140    .08*  │ 
     │   WBT      1      1750      450    .26     160    .09   │       │   WBT      1      1750      470    .27     260    .15   │ 
     │   WBR      0         0        0              0          │       │   WBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   Clearance Interval               .10*           .10*  │       │   Clearance Interval               .10*           .10*  │ 
     └─────────────────────────────────────────────────────────┘       └─────────────────────────────────────────────────────────┘ 
         TOTAL CAPACITY UTILIZATION       .70            .74               TOTAL CAPACITY UTILIZATION       .74            .82 
 
 
     ┌─────────────────────────────────────────────────────────┐       ┌─────────────────────────────────────────────────────────┐ 
     │   SCVCTM 4.1 2025 with Stage 6a Improvements            │       │   SCVCTM 4.1 2030 with 6b Imp./no Potrero Bridge        │ 
     │                                                         │       │                                                         │ 
     │                             AM PK HOUR     PM PK HOUR   │       │                             AM PK HOUR     PM PK HOUR   │ 
     │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │       │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │ 
     │                                                         │       │                                                         │ 
     │   NBL      0         0        0              0          │       │   NBL      0         0        0              0          │ 
     │   NBT      0         0        0              0          │       │   NBT      0         0        0              0          │ 
     │   NBR      0         0        0              0          │       │   NBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   SBL      0.5               50            210          │       │   SBL      0.5               50            220          │ 
     │   SBT      0.5    1750       10    .03*     10    .13*  │       │   SBT      0.5    1750       10    .03*     10    .13*  │ 
     │   SBR      1      1750      410    .23     390    .22   │       │   SBR      1      1750      450    .26     450    .26   │ 
     │                                                         │       │                                                         │ 
     │   EBL      0         0        0              0          │       │   EBL      0         0        0              0          │ 
     │   EBT      1      1750      480    .41*    900    .57*  │       │   EBT      2      3500      550    .24*   1020    .34*  │ 
     │   EBR      0         0      240             90          │       │   EBR      0         0      290            160          │ 
     │                                                         │       │                                                         │ 
     │   WBL      1      1750      400    .23*    160    .09*  │       │   WBL      1      1750      400    .23*    190    .11*  │ 
     │   WBT      1      1750      500    .29     280    .16   │       │   WBT      2      3500      530    .15     360    .10   │ 
     │   WBR      0         0        0              0          │       │   WBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   Clearance Interval               .10*           .10*  │       │   Clearance Interval               .10*           .10*  │ 
     └─────────────────────────────────────────────────────────┘       └─────────────────────────────────────────────────────────┘ 
         TOTAL CAPACITY UTILIZATION       .77            .89               TOTAL CAPACITY UTILIZATION       .60            .68 
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         19. I-5 NB Ramps & Calgrove                              
                                                                  
     ┌─────────────────────────────────────────────────────────┐       ┌─────────────────────────────────────────────────────────┐ 
     │   Existing Count                                        │       │   SCVCTM 4.1 2011 with Stage 1 Improvements             │ 
     │                                                         │       │                                                         │ 
     │                             AM PK HOUR     PM PK HOUR   │       │                             AM PK HOUR     PM PK HOUR   │ 
     │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │       │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │ 
     │                                                         │       │                                                         │ 
     │   NBL      0.5               45  {.03}*    123  {.07}*  │       │   NBL      0.5              110  {.06}*    120  {.07}*  │ 
     │   NBT      0.5    1750        4    .03       0    .07   │       │   NBT      0.5    1750        0    .06       0    .07   │ 
     │   NBR      1      1750       70    .04     264    .15   │       │   NBR      1      1750       30    .02     210    .12   │ 
     │                                                         │       │                                                         │ 
     │   SBL      0         0        0              0          │       │   SBL      0         0        0              0          │ 
     │   SBT      0         0        0              0          │       │   SBT      0         0        0              0          │ 
     │   SBR      0         0        0              0          │       │   SBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   EBL      1      1750       70    .04*    304    .17*  │       │   EBL      1      1750      290    .17*    300    .17*  │ 
     │   EBT      1      1750       60    .03     444    .25   │       │   EBT      1      1750       90    .05     500    .29   │ 
     │   EBR      0         0        0              0          │       │   EBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   WBL      0         0        0              0          │       │   WBL      0         0        0              0          │ 
     │   WBT      1      1750      771    .47*    212    .16*  │       │   WBT      1      1750      740    .46*    150    .13*  │ 
     │   WBR      0         0       55             61          │       │   WBR      0         0       60             80          │ 
     │                                                         │       │                                                         │ 
     │   Right Turn Adjustment                    NBR    .02*  │       │   Right Turn Adjustment                    NBR    .04*  │ 
     │   Clearance Interval               .10*           .10*  │       │   Clearance Interval               .10*           .10*  │ 
     └─────────────────────────────────────────────────────────┘       └─────────────────────────────────────────────────────────┘ 
         TOTAL CAPACITY UTILIZATION       .64            .52               TOTAL CAPACITY UTILIZATION       .79            .51 
 
 
     ┌─────────────────────────────────────────────────────────┐       ┌─────────────────────────────────────────────────────────┐ 
     │   SCVCTM 4.1 2012 with Stage 2 Improvements             │       │   SCVCTM 4.1 2014 with Stage 3 Improvements             │ 
     │                                                         │       │                                                         │ 
     │                             AM PK HOUR     PM PK HOUR   │       │                             AM PK HOUR     PM PK HOUR   │ 
     │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │       │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │ 
     │                                                         │       │                                                         │ 
     │   NBL      0.5              130  {.07}*    120  {.07}*  │       │   NBL      0.5              130  {.07}*    120  {.07}*  │ 
     │   NBT      0.5    1750        0    .07       0    .07   │       │   NBT      0.5    1750        0    .07       0    .07   │ 
     │   NBR      1      1750       40    .02     210    .12   │       │   NBR      1      1750       40    .02     210    .12   │ 
     │                                                         │       │                                                         │ 
     │   SBL      0         0        0              0          │       │   SBL      0         0        0              0          │ 
     │   SBT      0         0        0              0          │       │   SBT      0         0        0              0          │ 
     │   SBR      0         0        0              0          │       │   SBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   EBL      1      1750      270    .15*    300    .17*  │       │   EBL      1      1750      270    .15*    290    .17*  │ 
     │   EBT      1      1750       90    .05     510    .29   │       │   EBT      1      1750       80    .05     500    .29   │ 
     │   EBR      0         0        0              0          │       │   EBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   WBL      0         0        0              0          │       │   WBL      0         0        0              0          │ 
     │   WBT      1      1750      740    .46*    170    .14*  │       │   WBT      1      1750      740    .46*    180    .15*  │ 
     │   WBR      0         0       60             80          │       │   WBR      0         0       70             80          │ 
     │                                                         │       │                                                         │ 
     │   Right Turn Adjustment                    NBR    .03*  │       │   Right Turn Adjustment                    NBR    .03*  │ 
     │   Clearance Interval               .10*           .10*  │       │   Clearance Interval               .10*           .10*  │ 
     └─────────────────────────────────────────────────────────┘       └─────────────────────────────────────────────────────────┘ 
         TOTAL CAPACITY UTILIZATION       .78            .51               TOTAL CAPACITY UTILIZATION       .78            .52 
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         19. I-5 NB Ramps & Calgrove                              
                                                                  
     ┌─────────────────────────────────────────────────────────┐       ┌─────────────────────────────────────────────────────────┐ 
     │   SCVCTM 4.1 2018 with Stage 4 Improvements             │       │   SCVCTM 4.1 2022 with Stage 5 Improvements             │ 
     │                                                         │       │                                                         │ 
     │                             AM PK HOUR     PM PK HOUR   │       │                             AM PK HOUR     PM PK HOUR   │ 
     │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │       │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │ 
     │                                                         │       │                                                         │ 
     │   NBL      0.5              130  {.07}*     80  {.05}*  │       │   NBL      0.5              130  {.07}*    140  {.08}*  │ 
     │   NBT      0.5    1750        0    .07       0    .05   │       │   NBT      0.5    1750        0    .07       0    .08   │ 
     │   NBR      1      1750       40    .02     230    .13   │       │   NBR      1      1750       50    .03     270    .15   │ 
     │                                                         │       │                                                         │ 
     │   SBL      0         0        0              0          │       │   SBL      0         0        0              0          │ 
     │   SBT      0         0        0              0          │       │   SBT      0         0        0              0          │ 
     │   SBR      0         0        0              0          │       │   SBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   EBL      1      1750      310    .18*    340    .19*  │       │   EBL      1      1750      330    .19*    400    .23*  │ 
     │   EBT      1      1750      110    .06     560    .32   │       │   EBT      1      1750      120    .07     610    .35   │ 
     │   EBR      0         0        0              0          │       │   EBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   WBL      0         0        0              0          │       │   WBL      0         0        0              0          │ 
     │   WBT      1      1750      760    .47*    200    .18*  │       │   WBT      1      1750      780    .49*    250    .23*  │ 
     │   WBR      0         0       70            110          │       │   WBR      0         0       80            150          │ 
     │                                                         │       │                                                         │ 
     │   Right Turn Adjustment                    NBR    .04*  │       │   Clearance Interval               .10*           .10*  │ 
     │   Clearance Interval               .10*           .10*  │       └─────────────────────────────────────────────────────────┘ 
     └─────────────────────────────────────────────────────────┘           TOTAL CAPACITY UTILIZATION       .85            .64 
         TOTAL CAPACITY UTILIZATION       .82            .56      
 
 
     ┌─────────────────────────────────────────────────────────┐       ┌─────────────────────────────────────────────────────────┐ 
     │   SCVCTM 4.1 2025 with Stage 6a Improvements            │       │   SCVCTM 4.1 2030 with 6b Imp./no Potrero Bridge        │ 
     │                                                         │       │                                                         │ 
     │                             AM PK HOUR     PM PK HOUR   │       │                             AM PK HOUR     PM PK HOUR   │ 
     │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │       │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │ 
     │                                                         │       │                                                         │ 
     │   NBL      0.5              140  {.08}*    160  {.09}*  │       │   NBL      0.5              160  {.09}*    200  {.11}*  │ 
     │   NBT      0.5    1750        0    .08       0    .09   │       │   NBT      0.5    1750        0    .09       0    .11   │ 
     │   NBR      1      1750       60    .03     290    .17   │       │   NBR      1      1750       70    .04     330    .19   │ 
     │                                                         │       │                                                         │ 
     │   SBL      0         0        0              0          │       │   SBL      0         0        0              0          │ 
     │   SBT      0         0        0              0          │       │   SBT      0         0        0              0          │ 
     │   SBR      0         0        0              0          │       │   SBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   EBL      1      1750      350    .20*    440    .25*  │       │   EBL      1      1750      390    .22*    510    .29*  │ 
     │   EBT      1      1750      150    .09     670    .38   │       │   EBT      2      3500      180    .05     750    .21   │ 
     │   EBR      0         0        0              0          │       │   EBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   WBL      0         0        0              0          │       │   WBL      0         0        0              0          │ 
     │   WBT      1      1750      790    .50*    290    .27*  │       │   WBT      2      3500      820    .26*    360    .17*  │ 
     │   WBR      0         0       90            180          │       │   WBR      0         0      100            220          │ 
     │                                                         │       │                                                         │ 
     │   Clearance Interval               .10*           .10*  │       │   Clearance Interval               .10*           .10*  │ 
     └─────────────────────────────────────────────────────────┘       └─────────────────────────────────────────────────────────┘ 
         TOTAL CAPACITY UTILIZATION       .88            .71               TOTAL CAPACITY UTILIZATION       .67            .67 
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         20. I-5 SB Ramp & Lyons                                  
                                                                  
     ┌─────────────────────────────────────────────────────────┐       ┌─────────────────────────────────────────────────────────┐ 
     │   Existing Count                                        │       │   SCVCTM 4.1 2011 with Stage 1 Improvements             │ 
     │                                                         │       │                                                         │ 
     │                             AM PK HOUR     PM PK HOUR   │       │                             AM PK HOUR     PM PK HOUR   │ 
     │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │       │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │ 
     │                                                         │       │                                                         │ 
     │   NBL      0         0        0              0          │       │   NBL      0         0        0              0          │ 
     │   NBT      0         0        0              0          │       │   NBT      0         0        0              0          │ 
     │   NBR      0         0        0              0          │       │   NBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   SBL      0         0        0              0          │       │   SBL      0         0        0              0          │ 
     │   SBT      0         0        0              0          │       │   SBT      0         0        0              0          │ 
     │   SBR      0         0        0              0          │       │   SBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   EBL      0         0        0              0          │       │   EBL      0         0        0              0          │ 
     │   EBT      2      3500      877    .25    1264    .36*  │       │   EBT      2      3500     1070    .31*   1730    .49*  │ 
     │   EBR      1      1750      591    .34     332    .19   │       │   EBR      1      1750      370    .21     190    .11   │ 
     │                                                         │       │                                                         │ 
     │   WBL      0         0        0              0          │       │   WBL      0         0        0              0          │ 
     │   WBT      3      5250     1317    .25*   1702    .32   │       │   WBT      3      5250     1220    .23    1470    .28   │ 
     │   WBR      0         0        0              0          │       │   WBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   Right Turn Adjustment     EBR    .09*                 │       │   Clearance Interval               .10*           .10*  │ 
     │   Clearance Interval               .10*           .10*  │       └─────────────────────────────────────────────────────────┘ 
     └─────────────────────────────────────────────────────────┘           TOTAL CAPACITY UTILIZATION       .41            .59 
         TOTAL CAPACITY UTILIZATION       .44            .46      
 
 
     ┌─────────────────────────────────────────────────────────┐       ┌─────────────────────────────────────────────────────────┐ 
     │   SCVCTM 4.1 2012 with Stage 2 Improvements             │       │   SCVCTM 4.1 2014 with Stage 3 Improvements             │ 
     │                                                         │       │                                                         │ 
     │                             AM PK HOUR     PM PK HOUR   │       │                             AM PK HOUR     PM PK HOUR   │ 
     │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │       │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │ 
     │                                                         │       │                                                         │ 
     │   NBL      0         0        0              0          │       │   NBL      0         0        0              0          │ 
     │   NBT      0         0        0              0          │       │   NBT      0         0        0              0          │ 
     │   NBR      0         0        0              0          │       │   NBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   SBL      0         0        0              0          │       │   SBL      0         0        0              0          │ 
     │   SBT      0         0        0              0          │       │   SBT      0         0        0              0          │ 
     │   SBR      0         0        0              0          │       │   SBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   EBL      0         0        0              0          │       │   EBL      0         0        0              0          │ 
     │   EBT      2      3500     1050    .30*   1660    .47*  │       │   EBT      2      3500     1060    .30*   1660    .47*  │ 
     │   EBR      1      1750      370    .21     160    .09   │       │   EBR      1      1750      380    .22     150    .09   │ 
     │                                                         │       │                                                         │ 
     │   WBL      0         0        0              0          │       │   WBL      0         0        0              0          │ 
     │   WBT      3      5250     1080    .21    1420    .27   │       │   WBT      3      5250     1090    .21    1410    .27   │ 
     │   WBR      0         0        0              0          │       │   WBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   Clearance Interval               .10*           .10*  │       │   Clearance Interval               .10*           .10*  │ 
     └─────────────────────────────────────────────────────────┘       └─────────────────────────────────────────────────────────┘ 
         TOTAL CAPACITY UTILIZATION       .40            .57               TOTAL CAPACITY UTILIZATION       .40            .57 
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         20. I-5 SB Ramp & Lyons                                  
                                                                  
     ┌─────────────────────────────────────────────────────────┐       ┌─────────────────────────────────────────────────────────┐ 
     │   SCVCTM 4.1 2018 with Stage 4 Improvements             │       │   SCVCTM 4.1 2022 with Stage 5 Improvements             │ 
     │                                                         │       │                                                         │ 
     │                             AM PK HOUR     PM PK HOUR   │       │                             AM PK HOUR     PM PK HOUR   │ 
     │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │       │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │ 
     │                                                         │       │                                                         │ 
     │   NBL      0         0        0              0          │       │   NBL      0         0        0              0          │ 
     │   NBT      0         0        0              0          │       │   NBT      0         0        0              0          │ 
     │   NBR      0         0        0              0          │       │   NBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   SBL      0         0        0              0          │       │   SBL      0         0        0              0          │ 
     │   SBT      0         0        0              0          │       │   SBT      0         0        0              0          │ 
     │   SBR      0         0        0              0          │       │   SBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   EBL      0         0        0              0          │       │   EBL      0         0        0              0          │ 
     │   EBT      2      3500     1270    .36*   1760    .50*  │       │   EBT      2      3500     1410    .40*   1830    .52*  │ 
     │   EBR      1      1750      380    .22     210    .12   │       │   EBR      1      1750      370    .21     230    .13   │ 
     │                                                         │       │                                                         │ 
     │   WBL      0         0        0              0          │       │   WBL      0         0        0              0          │ 
     │   WBT      3      5250     1050    .20    1490    .28   │       │   WBT      3      5250     1090    .21    1760    .34   │ 
     │   WBR      0         0        0              0          │       │   WBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   Clearance Interval               .10*           .10*  │       │   Clearance Interval               .10*           .10*  │ 
     └─────────────────────────────────────────────────────────┘       └─────────────────────────────────────────────────────────┘ 
         TOTAL CAPACITY UTILIZATION       .46            .60               TOTAL CAPACITY UTILIZATION       .50            .62 
 
 
     ┌─────────────────────────────────────────────────────────┐       ┌─────────────────────────────────────────────────────────┐ 
     │   SCVCTM 4.1 2025 with Stage 6a Improvements            │       │   SCVCTM 4.1 2030 with 6b Imp./no Potrero Bridge        │ 
     │                                                         │       │                                                         │ 
     │                             AM PK HOUR     PM PK HOUR   │       │                             AM PK HOUR     PM PK HOUR   │ 
     │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │       │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │ 
     │                                                         │       │                                                         │ 
     │   NBL      0         0        0              0          │       │   NBL      0         0        0              0          │ 
     │   NBT      0         0        0              0          │       │   NBT      0         0        0              0          │ 
     │   NBR      0         0        0              0          │       │   NBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   SBL      0         0        0              0          │       │   SBL      0         0        0              0          │ 
     │   SBT      0         0        0              0          │       │   SBT      0         0        0              0          │ 
     │   SBR      0         0        0              0          │       │   SBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   EBL      0         0        0              0          │       │   EBL      0         0        0              0          │ 
     │   EBT      2      3500     1440    .41*   1970    .56*  │       │   EBT      2      3500     1520    .43*   2100    .60*  │ 
     │   EBR      1      1750      450    .26     260    .15   │       │   EBR      1      1750      530    .30     270    .15   │ 
     │                                                         │       │                                                         │ 
     │   WBL      0         0        0              0          │       │   WBL      0         0        0              0          │ 
     │   WBT      3      5250     1130    .22    1920    .37   │       │   WBT      3      5250     1200    .23    2030    .39   │ 
     │   WBR      0         0        0              0          │       │   WBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   Clearance Interval               .10*           .10*  │       │   Clearance Interval               .10*           .10*  │ 
     └─────────────────────────────────────────────────────────┘       └─────────────────────────────────────────────────────────┘ 
         TOTAL CAPACITY UTILIZATION       .51            .66               TOTAL CAPACITY UTILIZATION       .53            .70 
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         25. Old Road & Rye                                       
                                                                  
     ┌─────────────────────────────────────────────────────────┐       ┌─────────────────────────────────────────────────────────┐ 
     │   Existing Count                                        │       │   SCVCTM 4.1 2011 with Stage 1 Improvements             │ 
     │                                                         │       │                                                         │ 
     │                             AM PK HOUR     PM PK HOUR   │       │                             AM PK HOUR     PM PK HOUR   │ 
     │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │       │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │ 
     │                                                         │       │                                                         │ 
     │   NBL      0         0        0              0          │       │   NBL      0         0        0              0          │ 
     │   NBT      1      1600      378    .24*    302    .19*  │       │   NBT      3      4800      800    .17*    610    .13*  │ 
     │   NBR      f               1614           1551          │       │   NBR      2      3200     1700    .53    1260    .39   │ 
     │                                                         │       │                                                         │ 
     │   SBL      1      1600      602    .38*    483    .30*  │       │   SBL      2      2880      210    .07*    450    .16*  │ 
     │   SBT      2      3200      288    .09     339    .11   │       │   SBT      3      4800      320    .07     670    .14   │ 
     │   SBR      0         0        0              0          │       │   SBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   EBL      0         0        0              0          │       │   EBL      0         0        0              0          │ 
     │   EBT      0         0        0              0          │       │   EBT      0         0        0              0          │ 
     │   EBR      0         0        0              0          │       │   EBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   WBL      1      1600      247    .15*    398    .25*  │       │   WBL      1.5              870           1140          │ 
     │   WBT      0         0        0              0          │       │   WBT      0      4800        0  {.36}*      0  {.41}*  │ 
     │   WBR      f               1336           1445          │       │   WBR      1.5              920           1020          │ 
     │                                                         │       │                                                         │ 
     │   Clearance Interval               .10*           .10*  │       │   Clearance Interval               .10*           .10*  │ 
     └─────────────────────────────────────────────────────────┘       │   Note: Assumes Right-Turn Overlap for NBR              │ 
         TOTAL CAPACITY UTILIZATION       .87            .84           └─────────────────────────────────────────────────────────┘ 
                                                                           TOTAL CAPACITY UTILIZATION       .70            .80 
 
 
     ┌─────────────────────────────────────────────────────────┐       ┌─────────────────────────────────────────────────────────┐ 
     │   SCVCTM 4.1 2012 with Stage 2 Improvements             │       │   SCVCTM 4.1 2014 with Stage 3 Improvements             │ 
     │                                                         │       │                                                         │ 
     │                             AM PK HOUR     PM PK HOUR   │       │                             AM PK HOUR     PM PK HOUR   │ 
     │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │       │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │ 
     │                                                         │       │                                                         │ 
     │   NBL      0         0        0              0          │       │   NBL      0         0        0              0          │ 
     │   NBT      3      4800      480    .10*    530    .11*  │       │   NBT      3      4800      470    .10*    530    .11*  │ 
     │   NBR      2      3200     1720    .54    1290    .40   │       │   NBR      2      3200     1870    .58    1300    .41   │ 
     │                                                         │       │                                                         │ 
     │   SBL      2      2880      200    .07*    290    .10*  │       │   SBL      2      2880      190    .07*    330    .11*  │ 
     │   SBT      3      4800      230    .05     480    .10   │       │   SBT      3      4800      240    .05     550    .11   │ 
     │   SBR      0         0        0              0          │       │   SBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   EBL      0         0        0              0          │       │   EBL      0         0        0              0          │ 
     │   EBT      0         0        0              0          │       │   EBT      0         0        0              0          │ 
     │   EBR      0         0        0              0          │       │   EBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   WBL      1.5              790           1230          │       │   WBL      1.5              740           1230          │ 
     │   WBT      0      4800        0  {.35}*      0  {.41}*  │       │   WBT      0      4800        0  {.37}*      0  {.42}*  │ 
     │   WBR      1.5              970            850          │       │   WBR      1.5             1120            930          │ 
     │                                                         │       │                                                         │ 
     │   Right Turn Adjustment     NBR    .09*                 │       │   Right Turn Adjustment     NBR    .11*                 │ 
     │   Clearance Interval               .10*           .10*  │       │   Clearance Interval               .10*           .10*  │ 
     │   Note: Assumes Right-Turn Overlap for NBR              │       │   Note: Assumes Right-Turn Overlap for NBR              │ 
     └─────────────────────────────────────────────────────────┘       └─────────────────────────────────────────────────────────┘ 
         TOTAL CAPACITY UTILIZATION       .71            .72               TOTAL CAPACITY UTILIZATION       .75            .74 
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         25. Old Road & Rye                                       
                                                                  
     ┌─────────────────────────────────────────────────────────┐       ┌─────────────────────────────────────────────────────────┐ 
     │   SCVCTM 4.1 2018 with Stage 4 Improvements             │       │   SCVCTM 4.1 2022 with Stage 5 Improvements             │ 
     │                                                         │       │                                                         │ 
     │                             AM PK HOUR     PM PK HOUR   │       │                             AM PK HOUR     PM PK HOUR   │ 
     │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │       │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │ 
     │                                                         │       │                                                         │ 
     │   NBL      0         0        0              0          │       │   NBL      0         0        0              0          │ 
     │   NBT      3      4800      500    .10*    590    .12*  │       │   NBT      3      4800      520    .11*    720    .15*  │ 
     │   NBR      2      3200     2100    .66    1420    .44   │       │   NBR      2      3200     2090    .65    1490    .47   │ 
     │                                                         │       │                                                         │ 
     │   SBL      2      2880      220    .08*    350    .12*  │       │   SBL      2      2880      240    .08*    450    .16*  │ 
     │   SBT      3      4800      240    .05     460    .10   │       │   SBT      3      4800      250    .05     500    .10   │ 
     │   SBR      0         0        0              0          │       │   SBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   EBL      0         0        0              0          │       │   EBL      0         0        0              0          │ 
     │   EBT      0         0        0              0          │       │   EBT      0         0        0              0          │ 
     │   EBR      0         0        0              0          │       │   EBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   WBL      3      4320      660    .15*   1230    .28*  │       │   WBL      3      4320      780    .18*   1370    .32*  │ 
     │   WBT      0         0        0              0          │       │   WBT      0         0        0              0          │ 
     │   WBR      2      3200     1340    .42    1200    .38   │       │   WBR      2      3200     1380    .43    1210    .38   │ 
     │                                                         │       │                                                         │ 
     │   Right Turn Adjustment   Multi    .41*    NBR    .04*  │       │   Right Turn Adjustment   Multi    .36*                 │ 
     │   Clearance Interval               .10*           .10*  │       │   Clearance Interval               .10*           .10*  │ 
     │   Note: Assumes Right-Turn Overlap for WBR NBR          │       │   Note: Assumes Right-Turn Overlap for WBR NBR          │ 
     └─────────────────────────────────────────────────────────┘       └─────────────────────────────────────────────────────────┘ 
         TOTAL CAPACITY UTILIZATION       .84            .66               TOTAL CAPACITY UTILIZATION       .83            .73 
 
 
     ┌─────────────────────────────────────────────────────────┐       ┌─────────────────────────────────────────────────────────┐ 
     │   SCVCTM 4.1 2025 with Stage 6a Improvements            │       │   SCVCTM 4.1 2030 with 6b Imp./no Potrero Bridge        │ 
     │                                                         │       │                                                         │ 
     │                             AM PK HOUR     PM PK HOUR   │       │                             AM PK HOUR     PM PK HOUR   │ 
     │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │       │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │ 
     │                                                         │       │                                                         │ 
     │   NBL      0         0        0              0          │       │   NBL      0         0        0              0          │ 
     │   NBT      3      4800      560    .12*    780    .16*  │       │   NBT      3      4800      700    .15*    860    .18*  │ 
     │   NBR      2      3200     2090    .65    1540    .48   │       │   NBR      2      3200     2030    .63    1610    .50   │ 
     │                                                         │       │                                                         │ 
     │   SBL      2      2880      290    .10*    580    .20*  │       │   SBL      2      2880      340    .12*    710    .25*  │ 
     │   SBT      3      4800      300    .06     560    .12   │       │   SBT      3      4800      380    .08     670    .14   │ 
     │   SBR      0         0        0              0          │       │   SBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   EBL      0         0        0              0          │       │   EBL      0         0        0              0          │ 
     │   EBT      0         0        0              0          │       │   EBT      0         0        0              0          │ 
     │   EBR      0         0        0              0          │       │   EBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   WBL      3      4320      830    .19*   1360    .31*  │       │   WBL      3      4320      980    .23*   1380    .32*  │ 
     │   WBT      0         0        0              0          │       │   WBT      0         0        0              0          │ 
     │   WBR      2      3200     1380    .43    1320    .41   │       │   WBR      2      3200     1400    .44    1400    .44   │ 
     │                                                         │       │                                                         │ 
     │   Right Turn Adjustment   Multi    .34*    NBR    .01*  │       │   Right Turn Adjustment   Multi    .25*                 │ 
     │   Clearance Interval               .10*           .10*  │       │   Clearance Interval               .10*           .10*  │ 
     │   Note: Assumes Right-Turn Overlap for WBR NBR          │       │   Note: Assumes Right-Turn Overlap for WBR NBR          │ 
     └─────────────────────────────────────────────────────────┘       └─────────────────────────────────────────────────────────┘ 
         TOTAL CAPACITY UTILIZATION       .85            .78               TOTAL CAPACITY UTILIZATION       .85            .85 
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         26. Old Road & Magic Mtn                                 
                                                                  
     ┌─────────────────────────────────────────────────────────┐       ┌─────────────────────────────────────────────────────────┐ 
     │   Existing Count                                        │       │   SCVCTM 4.1 2011 with Stage 1 Improvements             │ 
     │                                                         │       │                                                         │ 
     │                             AM PK HOUR     PM PK HOUR   │       │                             AM PK HOUR     PM PK HOUR   │ 
     │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │       │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │ 
     │                                                         │       │                                                         │ 
     │   NBL      1.5               19    .01      24    .02   │       │   NBL      2      2880      120    .04     150    .05*  │ 
     │   NBT      1.5    4800      510    .16*    557    .17*  │       │   NBT      3      4800      580    .12*    330    .07   │ 
     │   NBR      d      1600       53    .03     175    .11   │       │   NBR      1      1600      150    .09     120    .08   │ 
     │                                                         │       │                                                         │ 
     │   SBL      1.5              216            375          │       │   SBL      2      2880      410    .14*    430    .15   │ 
     │   SBT      1.5    4800      351    .12*    512    .20*  │       │   SBT      2.5    6400      120    .04     820  {.20}*  │ 
     │   SBR      0                  5             62          │       │   SBR      1.5              310    .10     640          │ 
     │                                                         │       │                                                         │ 
     │   EBL      1      1600       26    .02      22    .01   │       │   EBL      2      2880      320    .11*    410    .14   │ 
     │   EBT      2      3200       38    .01*     76    .02*  │       │   EBT      4      6400      490    .08    1250    .20*  │ 
     │   EBR      1      1600        9    .01      16    .01   │       │   EBR      1      1600       30    .02     230    .14   │ 
     │                                                         │       │                                                         │ 
     │   WBL      1      1600      156    .10*    218    .14*  │       │   WBL      2      2880      190    .07     170    .06*  │ 
     │   WBT      3      4800       15    .00       7    .00   │       │   WBT      4      6400      520    .08*    620    .10   │ 
     │   WBR      f               1249           1079          │       │   WBR      f               1230            810          │ 
     │                                                         │       │                                                         │ 
     │   Clearance Interval               .10*           .10*  │       │   Clearance Interval               .10*           .10*  │ 
     │   Note: Assumes N/S Split Phasing                       │       └─────────────────────────────────────────────────────────┘ 
     └─────────────────────────────────────────────────────────┘           TOTAL CAPACITY UTILIZATION       .55            .61 
         TOTAL CAPACITY UTILIZATION       .49            .63      
 
 
     ┌─────────────────────────────────────────────────────────┐       ┌─────────────────────────────────────────────────────────┐ 
     │   SCVCTM 4.1 2012 with Stage 2 Improvements             │       │   SCVCTM 4.1 2014 with Stage 3 Improvements             │ 
     │                                                         │       │                                                         │ 
     │                             AM PK HOUR     PM PK HOUR   │       │                             AM PK HOUR     PM PK HOUR   │ 
     │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │       │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │ 
     │                                                         │       │                                                         │ 
     │   NBL      2      2880      140    .05     190    .07*  │       │   NBL      2      2880      150    .05     230    .08*  │ 
     │   NBT      3      4800      500    .10*    320    .07   │       │   NBT      3      4800      530    .11*    330    .07   │ 
     │   NBR      1      1600      150    .09     110    .07   │       │   NBR      1      1600      150    .09     100    .06   │ 
     │                                                         │       │                                                         │ 
     │   SBL      2      2880      300    .10*    460    .16   │       │   SBL      2      2880      240    .08*    400    .14   │ 
     │   SBT      2.5    6400      120    .04     860  {.18}*  │       │   SBT      2.5    6400      120  {.03}     870  {.21}*  │ 
     │   SBR      1.5              250    .08     470          │       │   SBR      1.5              270            610          │ 
     │                                                         │       │                                                         │ 
     │   EBL      2      2880      240    .08*    380    .13   │       │   EBL      2      2880      390    .14*    410    .14*  │ 
     │   EBT      4      6400      620    .10    1140    .18*  │       │   EBT      4      6400     1030    .16    1380    .22   │ 
     │   EBR      1      1600       30    .02     370    .23   │       │   EBR      1      1600       40    .03     450    .28   │ 
     │                                                         │       │                                                         │ 
     │   WBL      2      2880      190    .07     170    .06*  │       │   WBL      2      2880      190    .07     160    .06   │ 
     │   WBT      4      6400      810    .13*    670    .10   │       │   WBT      4      6400      950    .15*    910    .14*  │ 
     │   WBR      f               1140            810          │       │   WBR      f               1070            780          │ 
     │                                                         │       │                                                         │ 
     │   Clearance Interval               .10*           .10*  │       │   Clearance Interval               .10*           .10*  │ 
     └─────────────────────────────────────────────────────────┘       └─────────────────────────────────────────────────────────┘ 
         TOTAL CAPACITY UTILIZATION       .51            .59               TOTAL CAPACITY UTILIZATION       .58            .67 
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         26. Old Road & Magic Mtn                                 
                                                                  
     ┌─────────────────────────────────────────────────────────┐       ┌─────────────────────────────────────────────────────────┐ 
     │   SCVCTM 4.1 2018 with Stage 4 Improvements             │       │   SCVCTM 4.1 2022 with Stage 5 Improvements             │ 
     │                                                         │       │                                                         │ 
     │                             AM PK HOUR     PM PK HOUR   │       │                             AM PK HOUR     PM PK HOUR   │ 
     │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │       │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │ 
     │                                                         │       │                                                         │ 
     │   NBL      2      2880      190    .07     200    .07*  │       │   NBL      2      2880      190    .07     210    .07*  │ 
     │   NBT      3      4800      550    .11*    350    .07   │       │   NBT      3      4800      570    .12*    410    .09   │ 
     │   NBR      1      1600      150    .09     100    .06   │       │   NBR      1      1600      140    .09     100    .06   │ 
     │                                                         │       │                                                         │ 
     │   SBL      2      2880      340    .12*    490    .17   │       │   SBL      2      2880      370    .13*    500    .17   │ 
     │   SBT      2.5    6400       80  {.02}     580    .18*  │       │   SBT      2.5    6400       90    .03     660    .21*  │ 
     │   SBR      1.5              290            810    .25   │       │   SBR      1.5              390    .12     890    .28   │ 
     │                                                         │       │                                                         │ 
     │   EBL      2      2880      570    .20*    470    .16*  │       │   EBL      2      2880      600    .21*    560    .19*  │ 
     │   EBT      4      6400     1590    .25    1680    .26   │       │   EBT      4      6400     1790    .28    1850    .29   │ 
     │   EBR      1      1600       80    .05     240    .15   │       │   EBR      1      1600       90    .06     300    .19   │ 
     │                                                         │       │                                                         │ 
     │   WBL      2      2880      180    .06     160    .06   │       │   WBL      2      2880      170    .06     170    .06   │ 
     │   WBT      4      6400      990    .15*   1260    .20*  │       │   WBT      4      6400     1100    .17*   1470    .23*  │ 
     │   WBR      f               1110           1100          │       │   WBR      f               1080           1150          │ 
     │                                                         │       │                                                         │ 
     │   Clearance Interval               .10*           .10*  │       │   Clearance Interval               .10*           .10*  │ 
     └─────────────────────────────────────────────────────────┘       └─────────────────────────────────────────────────────────┘ 
         TOTAL CAPACITY UTILIZATION       .68            .71               TOTAL CAPACITY UTILIZATION       .73            .80 
 
 
     ┌─────────────────────────────────────────────────────────┐       ┌─────────────────────────────────────────────────────────┐ 
     │   SCVCTM 4.1 2025 with Stage 6a Improvements            │       │   SCVCTM 4.1 2030 with 6b Imp./no Potrero Bridge        │ 
     │                                                         │       │                                                         │ 
     │                             AM PK HOUR     PM PK HOUR   │       │                             AM PK HOUR     PM PK HOUR   │ 
     │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │       │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │ 
     │                                                         │       │                                                         │ 
     │   NBL      2      2880      240    .08     310    .11*  │       │   NBL      2      2880      290    .10     430    .15*  │ 
     │   NBT      3      4800      570    .12*    350    .07   │       │   NBT      3      4800      590    .12*    340    .07   │ 
     │   NBR      1      1600      140    .09      90    .06   │       │   NBR      1      1600      140    .09     100    .06   │ 
     │                                                         │       │                                                         │ 
     │   SBL      2      2880      440    .15*    620    .22   │       │   SBL      2      2880      550    .19*    660    .23   │ 
     │   SBT      2.5    6400       90    .03     660    .21*  │       │   SBT      2.5    6400       90    .03     560    .18*  │ 
     │   SBR      1.5              410    .13     900    .28   │       │   SBR      1.5              490    .15     960    .30   │ 
     │                                                         │       │                                                         │ 
     │   EBL      2      2880      640    .22*    580    .20*  │       │   EBL      2      2880      630    .22*    580    .20*  │ 
     │   EBT      4      6400     1810    .28    1930    .30   │       │   EBT      5      8000     1800    .23    2050    .26   │ 
     │   EBR      1      1600      100    .06     330    .21   │       │   EBR      1      1600      110    .07     480    .30   │ 
     │                                                         │       │                                                         │ 
     │   WBL      2      2880      170    .06     160    .06   │       │   WBL      2      2880      160    .06     140    .05   │ 
     │   WBT      4      6400     1190    .19*   1500    .23*  │       │   WBT      4      6400     1150    .18*   1500    .23*  │ 
     │   WBR      f               1140           1250          │       │   WBR      f               1280           1390          │ 
     │                                                         │       │                                                         │ 
     │   Clearance Interval               .10*           .10*  │       │   Clearance Interval               .10*           .10*  │ 
     └─────────────────────────────────────────────────────────┘       └─────────────────────────────────────────────────────────┘ 
         TOTAL CAPACITY UTILIZATION       .78            .85               TOTAL CAPACITY UTILIZATION       .81            .86 
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         27. Old Road & Valencia                                  
                                                                  
     ┌─────────────────────────────────────────────────────────┐       ┌─────────────────────────────────────────────────────────┐ 
     │   Existing Count                                        │       │   SCVCTM 4.1 2011 with Stage 1 Improvements             │ 
     │                                                         │       │                                                         │ 
     │                             AM PK HOUR     PM PK HOUR   │       │                             AM PK HOUR     PM PK HOUR   │ 
     │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │       │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │ 
     │                                                         │       │                                                         │ 
     │   NBL      2      2880      486    .17*    261    .09   │       │   NBL      2      2880      330    .11*    150    .05*  │ 
     │   NBT      3      4800      345    .07     766    .16*  │       │   NBT      3      4800      250    .05     560    .12   │ 
     │   NBR      1      1600       69    .04     432    .27   │       │   NBR      1      1600       70    .04     310    .19   │ 
     │                                                         │       │                                                         │ 
     │   SBL      2      2880      159    .06     379    .13*  │       │   SBL      2      2880      150    .05     300    .10   │ 
     │   SBT      3      4800      306    .06*    765    .16   │       │   SBT      3      4800      180    .04*    810    .17*  │ 
     │   SBR      1      1600      164    .10     145    .09   │       │   SBR      1      1600      120    .08      80    .05   │ 
     │                                                         │       │                                                         │ 
     │   EBL      2      2880      210    .07*    206    .07   │       │   EBL      2      2880      170    .06*    100    .03   │ 
     │   EBT      4      6400      579    .09     377    .06*  │       │   EBT      4      6400      720    .11     450    .07*  │ 
     │   EBR      1      1600      183    .11     175    .11   │       │   EBR      1      1600      250    .16     150    .09   │ 
     │                                                         │       │                                                         │ 
     │   WBL      2      2880      298    .10     463    .16*  │       │   WBL      2      2880       80    .03     570    .20*  │ 
     │   WBT      3      4800      679    .14*    388    .08   │       │   WBT      3      4800     1000    .21*    630    .13   │ 
     │   WBR      f                363            463          │       │   WBR      f                260            370          │ 
     │                                                         │       │                                                         │ 
     │   Clearance Interval               .10*           .10*  │       │   Clearance Interval               .10*           .10*  │ 
     └─────────────────────────────────────────────────────────┘       └─────────────────────────────────────────────────────────┘ 
         TOTAL CAPACITY UTILIZATION       .54            .61               TOTAL CAPACITY UTILIZATION       .52            .59 
 
 
     ┌─────────────────────────────────────────────────────────┐       ┌─────────────────────────────────────────────────────────┐ 
     │   SCVCTM 4.1 2012 with Stage 2 Improvements             │       │   SCVCTM 4.1 2014 with Stage 3 Improvements             │ 
     │                                                         │       │                                                         │ 
     │                             AM PK HOUR     PM PK HOUR   │       │                             AM PK HOUR     PM PK HOUR   │ 
     │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │       │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │ 
     │                                                         │       │                                                         │ 
     │   NBL      2      2880      490    .17*    150    .05*  │       │   NBL      2      2880      530    .18*    210    .07*  │ 
     │   NBT      3      4800      190    .04     570    .12   │       │   NBT      3      4800      210    .04     600    .13   │ 
     │   NBR      1      1600       40    .03     310    .19   │       │   NBR      1      1600       40    .03     320    .20   │ 
     │                                                         │       │                                                         │ 
     │   SBL      2      2880      140    .05     290    .10   │       │   SBL      2      2880      140    .05     300    .10   │ 
     │   SBT      3      4800      180    .04*    980    .20*  │       │   SBT      3      4800      180    .04*   1060    .22*  │ 
     │   SBR      1      1600      130    .08      90    .06   │       │   SBR      1      1600      130    .08     110    .07   │ 
     │                                                         │       │                                                         │ 
     │   EBL      2      2880      170    .06*    100    .03   │       │   EBL      2      2880      190    .07*    110    .04   │ 
     │   EBT      4      6400      730    .11     450    .07*  │       │   EBT      4      6400      830    .13     450    .07*  │ 
     │   EBR      1      1600      190    .12     140    .09   │       │   EBR      1      1600      230    .14     200    .13   │ 
     │                                                         │       │                                                         │ 
     │   WBL      2      2880       70    .02     520    .18*  │       │   WBL      2      2880       80    .03     540    .19*  │ 
     │   WBT      3      4800     1020    .21*    690    .14   │       │   WBT      3      4800     1020    .21*    870    .18   │ 
     │   WBR      f                250            370          │       │   WBR      f                250            390          │ 
     │                                                         │       │                                                         │ 
     │   Clearance Interval               .10*           .10*  │       │   Right Turn Adjustment                    EBR    .01*  │ 
     └─────────────────────────────────────────────────────────┘       │   Clearance Interval               .10*           .10*  │ 
         TOTAL CAPACITY UTILIZATION       .58            .60           └─────────────────────────────────────────────────────────┘ 
                                                                           TOTAL CAPACITY UTILIZATION       .60            .66 
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         27. Old Road & Valencia                                  
                                                                  
     ┌─────────────────────────────────────────────────────────┐       ┌─────────────────────────────────────────────────────────┐ 
     │   SCVCTM 4.1 2018 with Stage 4 Improvements             │       │   SCVCTM 4.1 2022 with Stage 5 Improvements             │ 
     │                                                         │       │                                                         │ 
     │                             AM PK HOUR     PM PK HOUR   │       │                             AM PK HOUR     PM PK HOUR   │ 
     │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │       │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │ 
     │                                                         │       │                                                         │ 
     │   NBL      2      2880      400    .14*    320    .11   │       │   NBL      2      2880      480    .17*    500    .17*  │ 
     │   NBT      3      4800      170    .04     590    .12*  │       │   NBT      3      4800      160    .03     670    .14   │ 
     │   NBR      1      1600       30    .02     210    .13   │       │   NBR      1      1600       20    .01     200    .13   │ 
     │                                                         │       │                                                         │ 
     │   SBL      2      2880      140    .05     310    .11*  │       │   SBL      2      2880      140    .05     300    .10   │ 
     │   SBT      3      4800      180    .04*    460    .10   │       │   SBT      3      4800      180    .04*    580    .12*  │ 
     │   SBR      1      1600      120    .08     180    .11   │       │   SBR      1      1600      150    .09     200    .13   │ 
     │                                                         │       │                                                         │ 
     │   EBL      2      2880      290    .10*    160    .06*  │       │   EBL      2      2880      330    .11*    210    .07*  │ 
     │   EBT      4      6400     1420    .22     860    .13   │       │   EBT      4      6400     1970    .31    1360    .21   │ 
     │   EBR      1      1600      290    .18     170    .11   │       │   EBR      1      1600      330    .21     280    .18   │ 
     │                                                         │       │                                                         │ 
     │   WBL      2      2880       70    .02     340    .12   │       │   WBL      2      2880       80    .03     330    .11   │ 
     │   WBT      3      4800     1330    .28*   1520    .32*  │       │   WBT      3      4800     1590    .33*   1890    .39*  │ 
     │   WBR      f                240            370          │       │   WBR      f                240            350          │ 
     │                                                         │       │                                                         │ 
     │   Clearance Interval               .10*           .10*  │       │   Clearance Interval               .10*           .10*  │ 
     └─────────────────────────────────────────────────────────┘       └─────────────────────────────────────────────────────────┘ 
         TOTAL CAPACITY UTILIZATION       .66            .71               TOTAL CAPACITY UTILIZATION       .75            .85 
 
 
     ┌─────────────────────────────────────────────────────────┐       ┌─────────────────────────────────────────────────────────┐ 
     │   SCVCTM 4.1 2025 with Stage 6a Improvements            │       │   SCVCTM 4.1 2030 with 6b Imp./no Potrero Bridge        │ 
     │                                                         │       │                                                         │ 
     │                             AM PK HOUR     PM PK HOUR   │       │                             AM PK HOUR     PM PK HOUR   │ 
     │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │       │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │ 
     │                                                         │       │                                                         │ 
     │   NBL      2      2880      500    .17*    480    .17*  │       │   NBL      2      2880      550    .19*    490    .17   │ 
     │   NBT      3      4800      190    .04     700    .15   │       │   NBT      3      4800      230    .05     800    .17*  │ 
     │   NBR      1      1600       30    .02     240    .15   │       │   NBR      1      1600       40    .03     280    .18   │ 
     │                                                         │       │                                                         │ 
     │   SBL      2      2880      140    .05     360    .13   │       │   SBL      2      2880      140    .05     360    .13*  │ 
     │   SBT      3      4800      190    .04*    550    .11*  │       │   SBT      3      4800      200    .04*    580    .12   │ 
     │   SBR      1      1600      150    .09     200    .13   │       │   SBR      1      1600      160    .10     200    .13   │ 
     │                                                         │       │                                                         │ 
     │   EBL      2      2880      320    .11*    210    .07*  │       │   EBL      2      2880      340    .12*    210    .07*  │ 
     │   EBT      4      6400     2050    .32    1470    .23   │       │   EBT      4      6400     2060    .32    1310    .20   │ 
     │   EBR      1      1600      360    .23     330    .21   │       │   EBR      1      1600      330    .21     580    .36   │ 
     │                                                         │       │                                                         │ 
     │   WBL      2      2880       70    .02     360    .13   │       │   WBL      2      2880       70    .02     400    .14   │ 
     │   WBT      3      4800     1620    .34*   2020    .42*  │       │   WBT      3      4800     1650    .34*   2040    .43*  │ 
     │   WBR      f                260            350          │       │   WBR      f                280            370          │ 
     │                                                         │       │                                                         │ 
     │   Clearance Interval               .10*           .10*  │       │   Clearance Interval               .10*           .10*  │ 
     └─────────────────────────────────────────────────────────┘       └─────────────────────────────────────────────────────────┘ 
         TOTAL CAPACITY UTILIZATION       .76            .87               TOTAL CAPACITY UTILIZATION       .79            .90 
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         28. Old Road & McBean                                    
                                                                  
     ┌─────────────────────────────────────────────────────────┐       ┌─────────────────────────────────────────────────────────┐ 
     │   Existing Count                                        │       │   SCVCTM 4.1 2011 with Stage 1 Improvements             │ 
     │                                                         │       │                                                         │ 
     │                             AM PK HOUR     PM PK HOUR   │       │                             AM PK HOUR     PM PK HOUR   │ 
     │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │       │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │ 
     │                                                         │       │                                                         │ 
     │   NBL      1      1600       47    .03*    178    .11*  │       │   NBL      1      1600       90    .06*    150    .09*  │ 
     │   NBT      3      4800      178    .04     505    .11   │       │   NBT      3      4800      280    .06     630    .13   │ 
     │   NBR      1      1600      138    .09     592    .37   │       │   NBR      1      1600      360    .23     770    .48   │ 
     │                                                         │       │                                                         │ 
     │   SBL      1      1600       62    .04     166    .10   │       │   SBL      1      1600       50    .03     320    .20   │ 
     │   SBT      2      3200      250    .08*    397    .12*  │       │   SBT      2      3200      220    .07*    790    .25*  │ 
     │   SBR      1      1600       73    .05     231    .14   │       │   SBR      1      1600       30    .02     260    .16   │ 
     │                                                         │       │                                                         │ 
     │   EBL      1      1600      141    .09     170    .11*  │       │   EBL      1      1600      130    .08     160    .10*  │ 
     │   EBT      3      4800      852    .18*    437    .09   │       │   EBT      3      4800     1120    .23*    510    .11   │ 
     │   EBR      1      1600      128    .08     114    .07   │       │   EBR      1      1600      120    .08     110    .07   │ 
     │                                                         │       │                                                         │ 
     │   WBL      2      2880      254    .09*    593    .21   │       │   WBL      2      2880      270    .09*    790    .27   │ 
     │   WBT      2      3200      186    .11     588    .20*  │       │   WBT      2      3200      260    .16     870    .29*  │ 
     │   WBR      0         0      154             47          │       │   WBR      0         0      270    .17      70          │ 
     │                                                         │       │                                                         │ 
     │   Right Turn Adjustment                    NBR    .08*  │       │   Right Turn Adjustment     NBR    .04*    NBR    .06*  │ 
     │   Clearance Interval               .10*           .10*  │       │   Clearance Interval               .10*           .10*  │ 
     └─────────────────────────────────────────────────────────┘       │   Note: Assumes Right-Turn Overlap for NBR              │ 
         TOTAL CAPACITY UTILIZATION       .48            .72           └─────────────────────────────────────────────────────────┘ 
                                                                           TOTAL CAPACITY UTILIZATION       .59            .89 
 
 
     ┌─────────────────────────────────────────────────────────┐       ┌─────────────────────────────────────────────────────────┐ 
     │   SCVCTM 4.1 2012 with Stage 2 Improvements             │       │   SCVCTM 4.1 2014 with Stage 3 Improvements             │ 
     │                                                         │       │                                                         │ 
     │                             AM PK HOUR     PM PK HOUR   │       │                             AM PK HOUR     PM PK HOUR   │ 
     │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │       │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │ 
     │                                                         │       │                                                         │ 
     │   NBL      1      1600       80    .05*    150    .09*  │       │   NBL      1      1600       80    .05*    150    .09*  │ 
     │   NBT      3      4800      340    .07     640    .13   │       │   NBT      3      4800      380    .08     700    .15   │ 
     │   NBR      1      1600      380    .24     770    .48   │       │   NBR      1      1600      370    .23     760    .48   │ 
     │                                                         │       │                                                         │ 
     │   SBL      2      2880       40    .01     420    .15   │       │   SBL      2      2880       60    .02     470    .16   │ 
     │   SBT      2      3200      180    .06*    840    .26*  │       │   SBT      2      3200      200    .06*    900    .28*  │ 
     │   SBR      1      1600       10    .01     210    .13   │       │   SBR      1      1600       10    .01     250    .16   │ 
     │                                                         │       │                                                         │ 
     │   EBL      1      1600      110    .07     150    .09*  │       │   EBL      1      1600      110    .07     160    .10*  │ 
     │   EBT      3      4800     1000    .21*    510    .11   │       │   EBT      3      4800      980    .20*    500    .10   │ 
     │   EBR      1      1600      130    .08     110    .07   │       │   EBR      1      1600      130    .08     110    .07   │ 
     │                                                         │       │                                                         │ 
     │   WBL      2      2880      300    .10*    800    .28   │       │   WBL      2      2880      290    .10*    730    .25   │ 
     │   WBT      2      3200      250    .16     860    .30*  │       │   WBT      2      3200      250    .16     810    .29*  │ 
     │   WBR      0         0      300    .19      90          │       │   WBR      0         0      310    .19     110          │ 
     │                                                         │       │                                                         │ 
     │   Right Turn Adjustment     NBR    .04*                 │       │   Right Turn Adjustment     NBR    .04*                 │ 
     │   Clearance Interval               .10*           .10*  │       │   Clearance Interval               .10*           .10*  │ 
     │   Note: Assumes Right-Turn Overlap for NBR              │       │   Note: Assumes Right-Turn Overlap for NBR              │ 
     └─────────────────────────────────────────────────────────┘       └─────────────────────────────────────────────────────────┘ 
         TOTAL CAPACITY UTILIZATION       .56            .84               TOTAL CAPACITY UTILIZATION       .55            .86 
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         28. Old Road & McBean                                    
                                                                  
     ┌─────────────────────────────────────────────────────────┐       ┌─────────────────────────────────────────────────────────┐ 
     │   SCVCTM 4.1 2018 with Stage 4 Improvements             │       │   SCVCTM 4.1 2022 with Stage 5 Improvements             │ 
     │                                                         │       │                                                         │ 
     │                             AM PK HOUR     PM PK HOUR   │       │                             AM PK HOUR     PM PK HOUR   │ 
     │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │       │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │ 
     │                                                         │       │                                                         │ 
     │   NBL      1      1600       80    .05*    120    .08*  │       │   NBL      1      1600       70    .04*    120    .08*  │ 
     │   NBT      3      4800      220    .05     670    .14   │       │   NBT      3      4800      220    .05     730    .15   │ 
     │   NBR      1      1600      350    .22     760    .48   │       │   NBR      1      1600      350    .22     740    .46   │ 
     │                                                         │       │                                                         │ 
     │   SBL      2      2880      110    .04     200    .07   │       │   SBL      2      2880      130    .05     290    .10   │ 
     │   SBT      2      3200      210    .07*    500    .16*  │       │   SBT      2      3200      230    .07*    590    .18*  │ 
     │   SBR      1      1600       10    .01     140    .09   │       │   SBR      1      1600       10    .01     170    .11   │ 
     │                                                         │       │                                                         │ 
     │   EBL      1      1600       80    .05     130    .08*  │       │   EBL      1      1600       80    .05     130    .08   │ 
     │   EBT      3      4800     1020    .21*    510    .11   │       │   EBT      3      4800     1010    .21*    510    .11*  │ 
     │   EBR      1      1600      120    .08     100    .06   │       │   EBR      1      1600      110    .07     100    .06   │ 
     │                                                         │       │                                                         │ 
     │   WBL      2      2880      310    .11*    820    .28   │       │   WBL      2      2880      300    .10*    810    .28*  │ 
     │   WBT      2      3200      250    .16     930    .35*  │       │   WBT      2      3200      240    .08     890    .28   │ 
     │   WBR      0         0      320    .20     180          │       │   WBR      1      1600      390    .24     370    .23   │ 
     │                                                         │       │                                                         │ 
     │   Right Turn Adjustment     NBR    .03*                 │       │   Right Turn Adjustment     NBR    .06*    NBR    .02*  │ 
     │   Clearance Interval               .10*           .10*  │       │   Clearance Interval               .10*           .10*  │ 
     │   Note: Assumes Right-Turn Overlap for NBR              │       │   Note: Assumes Right-Turn Overlap for NBR              │ 
     └─────────────────────────────────────────────────────────┘       └─────────────────────────────────────────────────────────┘ 
         TOTAL CAPACITY UTILIZATION       .57            .77               TOTAL CAPACITY UTILIZATION       .58            .77 
 
 
     ┌─────────────────────────────────────────────────────────┐       ┌─────────────────────────────────────────────────────────┐ 
     │   SCVCTM 4.1 2025 with Stage 6a Improvements            │       │   SCVCTM 4.1 2030 with 6b Imp./no Potrero Bridge        │ 
     │                                                         │       │                                                         │ 
     │                             AM PK HOUR     PM PK HOUR   │       │                             AM PK HOUR     PM PK HOUR   │ 
     │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │       │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │ 
     │                                                         │       │                                                         │ 
     │   NBL      1      1600       70    .04*    110    .07*  │       │   NBL      1      1600       70    .04*    120    .08   │ 
     │   NBT      3      4800      260    .05     770    .16   │       │   NBT      3      4800      300    .06     870    .18*  │ 
     │   NBR      1      1600      330    .21     700    .44   │       │   NBR      1      1600      320    .20     690    .43   │ 
     │                                                         │       │                                                         │ 
     │   SBL      2      2880      150    .05     280    .10   │       │   SBL      2      2880      140    .05     440    .15*  │ 
     │   SBT      2      3200      240    .08*    670    .21*  │       │   SBT      2      3200      230    .07*    790    .25   │ 
     │   SBR      1      1600       10    .01     160    .10   │       │   SBR      1      1600       10    .01     170    .11   │ 
     │                                                         │       │                                                         │ 
     │   EBL      1      1600       90    .06     140    .09   │       │   EBL      1      1600      100    .06     160    .10   │ 
     │   EBT      3      4800      990    .21*    490    .10*  │       │   EBT      3      4800      980    .20*    470    .10*  │ 
     │   EBR      1      1600      110    .07      90    .06   │       │   EBR      1      1600      110    .07      90    .06   │ 
     │                                                         │       │                                                         │ 
     │   WBL      2      2880      310    .11*    830    .29*  │       │   WBL      2      2880      320    .11*    830    .29*  │ 
     │   WBT      2      3200      250    .08     920    .29   │       │   WBT      2      3200      250    .08     910    .28   │ 
     │   WBR      1      1600      390    .24     360    .23   │       │   WBR      1      1600      450    .28     410    .26   │ 
     │                                                         │       │                                                         │ 
     │   Right Turn Adjustment     NBR    .03*                 │       │   Right Turn Adjustment     NBR    .03*                 │ 
     │   Clearance Interval               .10*           .10*  │       │   Clearance Interval               .10*           .10*  │ 
     │   Note: Assumes Right-Turn Overlap for NBR              │       │   Note: Assumes Right-Turn Overlap for NBR              │ 
     └─────────────────────────────────────────────────────────┘       └─────────────────────────────────────────────────────────┘ 
         TOTAL CAPACITY UTILIZATION       .57            .77               TOTAL CAPACITY UTILIZATION       .55            .82 
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         29. Old Road & Pico                                      
                                                                  
     ┌─────────────────────────────────────────────────────────┐       ┌─────────────────────────────────────────────────────────┐ 
     │   Existing Count                                        │       │   SCVCTM 4.1 2011 with Stage 1 Improvements             │ 
     │                                                         │       │                                                         │ 
     │                             AM PK HOUR     PM PK HOUR   │       │                             AM PK HOUR     PM PK HOUR   │ 
     │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │       │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │ 
     │                                                         │       │                                                         │ 
     │   NBL      1      1600       65    .04*    106    .07   │       │   NBL      1      1600       70    .04     400    .25   │ 
     │   NBT      2      3200      169    .08     349    .13*  │       │   NBT      2      3200      230    .09*    610    .26*  │ 
     │   NBR      0         0       84             56          │       │   NBR      0         0       50            220          │ 
     │                                                         │       │                                                         │ 
     │   SBL      2      2880      288    .10     467    .16*  │       │   SBL      2      2880      300    .10*    600    .21*  │ 
     │   SBT      1      1600      301    .19*    222    .14   │       │   SBT      1      1600      150    .09     280    .18   │ 
     │   SBR      1      1600       19    .01      29    .02   │       │   SBR      1      1600      150    .09     270    .17   │ 
     │                                                         │       │                                                         │ 
     │   EBL      1      1600       52    .03      61    .04*  │       │   EBL      1      1600      360    .23*     60    .04*  │ 
     │   EBT      2      3200      607    .19*    251    .08   │       │   EBT      2      3200      260    .08     140    .04   │ 
     │   EBR      1      1600      117    .07      23    .01   │       │   EBR      1      1600       50    .03      60    .04   │ 
     │                                                         │       │                                                         │ 
     │   WBL      1      1600       51    .03*     70    .04   │       │   WBL      1      1600       10    .01      70    .04   │ 
     │   WBT      2      3200      320    .10     594    .19*  │       │   WBT      2      3200     1000    .31*    430    .13*  │ 
     │   WBR      f                292            664          │       │   WBR      f                250            600          │ 
     │                                                         │       │                                                         │ 
     │   Clearance Interval               .10*           .10*  │       │   Clearance Interval               .10*           .10*  │ 
     └─────────────────────────────────────────────────────────┘       └─────────────────────────────────────────────────────────┘ 
         TOTAL CAPACITY UTILIZATION       .55            .62               TOTAL CAPACITY UTILIZATION       .83            .74 
 
 
     ┌─────────────────────────────────────────────────────────┐       ┌─────────────────────────────────────────────────────────┐ 
     │   SCVCTM 4.1 2012 with Stage 2 Improvements             │       │   SCVCTM 4.1 2014 with Stage 3 Improvements             │ 
     │                                                         │       │                                                         │ 
     │                             AM PK HOUR     PM PK HOUR   │       │                             AM PK HOUR     PM PK HOUR   │ 
     │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │       │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │ 
     │                                                         │       │                                                         │ 
     │   NBL      1      1600       70    .04     400    .25*  │       │   NBL      1      1600       70    .04     380    .24*  │ 
     │   NBT      2      3200      260    .10*    610    .26   │       │   NBT      2      3200      280    .10*    640    .25   │ 
     │   NBR      0         0       50            210          │       │   NBR      0         0       50            150          │ 
     │                                                         │       │                                                         │ 
     │   SBL      2      2880      300    .10*    580    .20   │       │   SBL      2      2880      290    .10*    560    .19   │ 
     │   SBT      1      1600      150    .09     350    .22*  │       │   SBT      1      1600      150    .09     350    .22*  │ 
     │   SBR      1      1600      140    .09     290    .18   │       │   SBR      1      1600      150    .09     290    .18   │ 
     │                                                         │       │                                                         │ 
     │   EBL      1      1600      390    .24*     60    .04*  │       │   EBL      1      1600      410    .26*     70    .04*  │ 
     │   EBT      2      3200      230    .07     130    .04   │       │   EBT      2      3200      220    .07     190    .06   │ 
     │   EBR      1      1600       50    .03      60    .04   │       │   EBR      1      1600       50    .03      60    .04   │ 
     │                                                         │       │                                                         │ 
     │   WBL      1      1600       10    .01      70    .04   │       │   WBL      1      1600       10    .01      50    .03   │ 
     │   WBT      2      3200      970    .30*    410    .13*  │       │   WBT      2      3200      980    .31*    480    .15*  │ 
     │   WBR      f                260            600          │       │   WBR      f                250            600          │ 
     │                                                         │       │                                                         │ 
     │   Clearance Interval               .10*           .10*  │       │   Clearance Interval               .10*           .10*  │ 
     └─────────────────────────────────────────────────────────┘       └─────────────────────────────────────────────────────────┘ 
         TOTAL CAPACITY UTILIZATION       .84            .74               TOTAL CAPACITY UTILIZATION       .87            .75 
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         29. Old Road & Pico                                      
                                                                  
     ┌─────────────────────────────────────────────────────────┐       ┌─────────────────────────────────────────────────────────┐ 
     │   SCVCTM 4.1 2018 with Stage 4 Improvements             │       │   SCVCTM 4.1 2022 with Stage 5 Improvements             │ 
     │                                                         │       │                                                         │ 
     │                             AM PK HOUR     PM PK HOUR   │       │                             AM PK HOUR     PM PK HOUR   │ 
     │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │       │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │ 
     │                                                         │       │                                                         │ 
     │   NBL      1      1600      100    .06     410    .26   │       │   NBL      1      1600      120    .08*    440    .28*  │ 
     │   NBT      2      3200      210    .08*    570    .25*  │       │   NBT      2      3200      210    .08     600    .23   │ 
     │   NBR      0         0       50            220          │       │   NBR      0         0       50            150          │ 
     │                                                         │       │                                                         │ 
     │   SBL      2      2880      300    .10*    520    .18*  │       │   SBL      2      2880      290    .10     540    .19   │ 
     │   SBT      1      1600      150    .09     230    .14   │       │   SBT      1      1600      160    .10*    270    .17*  │ 
     │   SBR      1      1600      140    .09     170    .11   │       │   SBR      1      1600      140    .09     180    .11   │ 
     │                                                         │       │                                                         │ 
     │   EBL      1      1600      310    .19*     60    .04*  │       │   EBL      1      1600      300    .19*     60    .04*  │ 
     │   EBT      2      3200      280    .09     180    .06   │       │   EBT      2      3200      360    .11     370    .12   │ 
     │   EBR      1      1600       50    .03      70    .04   │       │   EBR      1      1600       70    .04      90    .06   │ 
     │                                                         │       │                                                         │ 
     │   WBL      1      1600       10    .01      90    .06   │       │   WBL      1      1600       10    .01     100    .06   │ 
     │   WBT      2      3200     1020    .32*    500    .16*  │       │   WBT      2      3200     1040    .33*    690    .22*  │ 
     │   WBR      f                220            610          │       │   WBR      f                220            620          │ 
     │                                                         │       │                                                         │ 
     │   Clearance Interval               .10*           .10*  │       │   Clearance Interval               .10*           .10*  │ 
     └─────────────────────────────────────────────────────────┘       └─────────────────────────────────────────────────────────┘ 
         TOTAL CAPACITY UTILIZATION       .79            .73               TOTAL CAPACITY UTILIZATION       .80            .81 
 
 
     ┌─────────────────────────────────────────────────────────┐       ┌─────────────────────────────────────────────────────────┐ 
     │   SCVCTM 4.1 2025 with Stage 6a Improvements            │       │   SCVCTM 4.1 2030 with 6b Imp./no Potrero Bridge        │ 
     │                                                         │       │                                                         │ 
     │                             AM PK HOUR     PM PK HOUR   │       │                             AM PK HOUR     PM PK HOUR   │ 
     │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │       │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │ 
     │                                                         │       │                                                         │ 
     │   NBL      1      1600      140    .09*    400    .25*  │       │   NBL      1      1600      140    .09*    410    .26   │ 
     │   NBT      2      3200      230    .09     620    .24   │       │   NBT      2      3200      240    .09     670    .26*  │ 
     │   NBR      0         0       50            150          │       │   NBR      0         0       50            150          │ 
     │                                                         │       │                                                         │ 
     │   SBL      2      2880      290    .10     570    .20   │       │   SBL      2      2880      280    .10     610    .21*  │ 
     │   SBT      1      1600      160    .10*    370    .23*  │       │   SBT      2      3200      170    .11*    460    .18   │ 
     │   SBR      1      1600      160    .10     160    .10   │       │   SBR      0         0      170            120          │ 
     │                                                         │       │                                                         │ 
     │   EBL      1      1600      300    .19*     60    .04*  │       │   EBL      1      1600      310    .19*     70    .04*  │ 
     │   EBT      2      3200      480    .15     460    .14   │       │   EBT      2      3200      570    .18     520    .16   │ 
     │   EBR      1      1600       80    .05     110    .07   │       │   EBR      1      1600       90    .06     220    .14   │ 
     │                                                         │       │                                                         │ 
     │   WBL      1      1600       10    .01      80    .05   │       │   WBL      1      1600       10    .01      80    .05   │ 
     │   WBT      2      3200     1100    .34*    830    .26*  │       │   WBT      2      3200     1110    .35*    890    .28*  │ 
     │   WBR      f                220            610          │       │   WBR      f                240            640          │ 
     │                                                         │       │                                                         │ 
     │   Clearance Interval               .10*           .10*  │       │   Clearance Interval               .10*           .10*  │ 
     └─────────────────────────────────────────────────────────┘       └─────────────────────────────────────────────────────────┘ 
         TOTAL CAPACITY UTILIZATION       .82            .88               TOTAL CAPACITY UTILIZATION       .84            .89 
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         80. Wolcott & SR-126                                     
                                                                  
     ┌─────────────────────────────────────────────────────────┐       ┌─────────────────────────────────────────────────────────┐ 
     │   Existing Count                                        │       │   SCVCTM 4.1 2011 with Stage 1 Improvements             │ 
     │                                                         │       │                                                         │ 
     │                             AM PK HOUR     PM PK HOUR   │       │                             AM PK HOUR     PM PK HOUR   │ 
     │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │       │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │ 
     │                                                         │       │                                                         │ 
     │   NBL      0         0        1              0          │       │   NBL      1      1600       10    .01      10    .01   │ 
     │   NBT      1      1600        3    .00       0    .00   │       │   NBT      1      1600       90    .06*     10    .01*  │ 
     │   NBR      0         0        3              0          │       │   NBR      2      3200      320    .10     810    .25   │ 
     │                                                         │       │                                                         │ 
     │   SBL      1.5                1              9          │       │   SBL      2      2880       10    .00     180    .06*  │ 
     │   SBT      0.5    3200        1    .00*      0    .00*  │       │   SBT      1      1600       20    .01      50    .03   │ 
     │   SBR      1      1600        5    .00      21    .01   │       │   SBR      1      1600       10    .01      60    .04   │ 
     │                                                         │       │                                                         │ 
     │   EBL      1      1600       14    .01*      2    .00   │       │   EBL      1      1600      130    .08      10    .01   │ 
     │   EBT      2      3200      655    .21    1150    .36*  │       │   EBT      3      4800      910    .19*   1500    .31*  │ 
     │   EBR      0         0        6              0          │       │   EBR      1      1600       10    .01      10    .01   │ 
     │                                                         │       │                                                         │ 
     │   WBL      1      1600        3    .00       1    .00   │       │   WBL      2      2880      550    .19*    610    .21*  │ 
     │   WBT      2      3200      748    .23*    870    .27   │       │   WBT      3      4800     1180    .25    1310    .27   │ 
     │   WBR      1      1600        2    .00       6    .00   │       │   WBR      1      1600      160    .10      10    .01   │ 
     │                                                         │       │                                                         │ 
     │   Clearance Interval               .10*           .10*  │       │   Right Turn Adjustment                    NBR    .08*  │ 
     └─────────────────────────────────────────────────────────┘       │   Clearance Interval               .10*           .10*  │ 
         TOTAL CAPACITY UTILIZATION       .34            .46           └─────────────────────────────────────────────────────────┘ 
                                                                           TOTAL CAPACITY UTILIZATION       .54            .77 
 
 
     ┌─────────────────────────────────────────────────────────┐       ┌─────────────────────────────────────────────────────────┐ 
     │   SCVCTM 4.1 2012 with Stage 2 Improvements             │       │   SCVCTM 4.1 2014 with Stage 3 Improvements             │ 
     │                                                         │       │                                                         │ 
     │                             AM PK HOUR     PM PK HOUR   │       │                             AM PK HOUR     PM PK HOUR   │ 
     │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │       │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │ 
     │                                                         │       │                                                         │ 
     │   NBL      1      1600       10    .01      10    .01   │       │   NBL      1      1600       10    .01      10    .01   │ 
     │   NBT      1      1600      100    .06*     10    .01*  │       │   NBT      1      1600      110    .07*     10    .01*  │ 
     │   NBR      2      3200      320    .10     820    .26   │       │   NBR      2      3200      310    .10     810    .25   │ 
     │                                                         │       │                                                         │ 
     │   SBL      2      2880       10    .00     190    .07*  │       │   SBL      2      2880       10    .00     210    .07*  │ 
     │   SBT      1      1600       20    .01      40    .03   │       │   SBT      1      1600       20    .01      40    .03   │ 
     │   SBR      1      1600       10    .01      60    .04   │       │   SBR      1      1600       10    .01      70    .04   │ 
     │                                                         │       │                                                         │ 
     │   EBL      1      1600      130    .08      10    .01   │       │   EBL      1      1600      200    .13      10    .01   │ 
     │   EBT      3      4800      930    .19*   1520    .32*  │       │   EBT      3      4800      940    .20*   1540    .32*  │ 
     │   EBR      1      1600       10    .01      10    .01   │       │   EBR      1      1600       10    .01      10    .01   │ 
     │                                                         │       │                                                         │ 
     │   WBL      2      2880      550    .19*    620    .22*  │       │   WBL      2      2880      530    .18*    620    .22*  │ 
     │   WBT      3      4800     1230    .26    1350    .28   │       │   WBT      3      4800     1190    .25    1330    .28   │ 
     │   WBR      1      1600      170    .11      10    .01   │       │   WBR      1      1600      180    .11      10    .01   │ 
     │                                                         │       │                                                         │ 
     │   Right Turn Adjustment                    NBR    .08*  │       │   Right Turn Adjustment                    NBR    .07*  │ 
     │   Clearance Interval               .10*           .10*  │       │   Clearance Interval               .10*           .10*  │ 
     └─────────────────────────────────────────────────────────┘       └─────────────────────────────────────────────────────────┘ 
         TOTAL CAPACITY UTILIZATION       .54            .80               TOTAL CAPACITY UTILIZATION       .55            .79 
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         80. Wolcott & SR-126                                     
                                                                  
     ┌─────────────────────────────────────────────────────────┐       ┌─────────────────────────────────────────────────────────┐ 
     │   SCVCTM 4.1 2018 with Stage 4 Improvements             │       │   SCVCTM 4.1 2022 with Stage 5 Improvements             │ 
     │                                                         │       │                                                         │ 
     │                             AM PK HOUR     PM PK HOUR   │       │                             AM PK HOUR     PM PK HOUR   │ 
     │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │       │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │ 
     │                                                         │       │                                                         │ 
     │   NBL      1      1600       10    .01      10    .01   │       │   NBL      1      1600       10    .01      10    .01   │ 
     │   NBT      1      1600       90    .06*     10    .01*  │       │   NBT      1      1600       70    .04*     10    .01*  │ 
     │   NBR      2      3200      320    .10     750    .23   │       │   NBR      2      3200      330    .10     650    .20   │ 
     │                                                         │       │                                                         │ 
     │   SBL      2      2880       10    .00     210    .07*  │       │   SBL      2      2880       20    .01*    190    .07*  │ 
     │   SBT      1      1600       20    .01      40    .03   │       │   SBT      1      1600       10    .01      30    .02   │ 
     │   SBR      1      1600       10    .01      90    .06   │       │   SBR      1      1600       20    .01     150    .09   │ 
     │                                                         │       │                                                         │ 
     │   EBL      1      1600      270    .17      10    .01   │       │   EBL      1      1600      380    .24      10    .01   │ 
     │   EBT      3      4800     1090    .23*   1410    .29*  │       │   EBT      3      4800     1750    .36*   1670    .35*  │ 
     │   EBR      1      1600       10    .01      10    .01   │       │   EBR      1      1600       10    .01      10    .01   │ 
     │                                                         │       │                                                         │ 
     │   WBL      2      2880      480    .17*    610    .21*  │       │   WBL      2      2880      430    .15*    570    .20*  │ 
     │   WBT      3      4800      940    .20    1390    .29   │       │   WBT      3      4800     1080    .23    2000    .42   │ 
     │   WBR      1      1600      180    .11      10    .01   │       │   WBR      1      1600      170    .11      10    .01   │ 
     │                                                         │       │                                                         │ 
     │   Right Turn Adjustment                    NBR    .06*  │       │   Right Turn Adjustment                    NBR    .04*  │ 
     │   Clearance Interval               .10*           .10*  │       │   Clearance Interval               .10*           .10*  │ 
     └─────────────────────────────────────────────────────────┘       └─────────────────────────────────────────────────────────┘ 
         TOTAL CAPACITY UTILIZATION       .56            .74               TOTAL CAPACITY UTILIZATION       .66            .77 
 
 
     ┌─────────────────────────────────────────────────────────┐       ┌─────────────────────────────────────────────────────────┐ 
     │   SCVCTM 4.1 2025 with Stage 6a Improvements            │       │   SCVCTM 4.1 2030 with 6b Imp./no Potrero Bridge        │ 
     │                                                         │       │                                                         │ 
     │                             AM PK HOUR     PM PK HOUR   │       │                             AM PK HOUR     PM PK HOUR   │ 
     │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │       │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │ 
     │                                                         │       │                                                         │ 
     │   NBL      1      1600       10    .01      10    .01   │       │   NBL      1      1600       10    .01      10    .01   │ 
     │   NBT      1      1600       60    .04*     10    .01*  │       │   NBT      1      1600       60    .04*     10    .01*  │ 
     │   NBR      2      3200      320    .10     620    .19   │       │   NBR      2      3200      310    .10     610    .19   │ 
     │                                                         │       │                                                         │ 
     │   SBL      2      2880       10    .00     170    .06*  │       │   SBL      2      2880       10    .00     160    .06*  │ 
     │   SBT      1      1600       10    .01      30    .02   │       │   SBT      1      1600       10    .01      40    .03   │ 
     │   SBR      1      1600       30    .02     190    .12   │       │   SBR      1      1600       30    .02     250    .16   │ 
     │                                                         │       │                                                         │ 
     │   EBL      1      1600      440    .28      10    .01   │       │   EBL      1      1600      490    .31*     10    .01   │ 
     │   EBT      3      4800     2330    .49*   2230    .46*  │       │   EBT      4      6400     2680    .42    2690    .42*  │ 
     │   EBR      1      1600       10    .01      10    .01   │       │   EBR      1      1600       10    .01      10    .01   │ 
     │                                                         │       │                                                         │ 
     │   WBL      2      2880      390    .14*    550    .19*  │       │   WBL      2      2880      390    .14     540    .19*  │ 
     │   WBT      3      4800     1550    .32    2730    .57   │       │   WBT      4      6400     1960    .31*   3120    .49   │ 
     │   WBR      1      1600      140    .09      10    .01   │       │   WBR      1      1600      140    .09      10    .01   │ 
     │                                                         │       │                                                         │ 
     │   Right Turn Adjustment                    NBR    .04*  │       │   Right Turn Adjustment                    SBR    .01*  │ 
     │   Clearance Interval               .10*           .10*  │       │   Clearance Interval               .10*           .10*  │ 
     └─────────────────────────────────────────────────────────┘       │   Note: Assumes Right-Turn Overlap for NBR              │ 
         TOTAL CAPACITY UTILIZATION       .77            .86           └─────────────────────────────────────────────────────────┘ 
                                                                           TOTAL CAPACITY UTILIZATION       .76            .79 



 

Westside Santa Clarita Valley B-46 Austin-Foust Associates, Inc. 
Roadway Phasing Analysis  105345rptAppxB.doc 

         81. Commerce Ctr & Henry Mayo                            
                                                                  
     ┌─────────────────────────────────────────────────────────┐       ┌─────────────────────────────────────────────────────────┐ 
     │   SCVCTM 4.1 2011 with Stage 1 Improvements             │       │   SCVCTM 4.1 2012 with Stage 2 Improvements             │ 
     │                                                         │       │                                                         │ 
     │                             AM PK HOUR     PM PK HOUR   │       │                             AM PK HOUR     PM PK HOUR   │ 
     │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │       │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │ 
     │                                                         │       │                                                         │ 
     │   NBL      0         0        0              0          │       │   NBL      1      1600       20    .01      10    .01   │ 
     │   NBT      0         0        0              0          │       │   NBT      3      4800     1020    .21*    260    .06*  │ 
     │   NBR      0         0        0              0          │       │   NBR      0         0       10             10          │ 
     │                                                         │       │                                                         │ 
     │   SBL      1      1600       10    .01*    190    .12*  │       │   SBL      2      2880        0    .00     140    .05*  │ 
     │   SBT      0         0        0              0          │       │   SBT      3      4800       60    .02     320    .08   │ 
     │   SBR      1      1600       20    .01      60    .04   │       │   SBR      0         0       20             70          │ 
     │                                                         │       │                                                         │ 
     │   EBL      1      1600       80    .05*    230    .14*  │       │   EBL      1      1600       80    .05*    230    .14*  │ 
     │   EBT      2      3200       20    .01     160    .05   │       │   EBT      2      3200       20    .01      60    .02   │ 
     │   EBR      0         0        0              0          │       │   EBR      1      1600       90    .06     220    .14   │ 
     │                                                         │       │                                                         │ 
     │   WBL      0         0        0              0          │       │   WBL      1.5                0             20          │ 
     │   WBT      1      1600       20    .01*     20    .01*  │       │   WBT      0.5    3200       10    .01*     10    .01*  │ 
     │   WBR      1      1600      110    .07      70    .04   │       │   WBR      1      1600       20    .01      40    .03   │ 
     │                                                         │       │                                                         │ 
     │   Right Turn Adjustment     WBR    .05*                 │       │   Clearance Interval               .10*           .10*  │ 
     │   Clearance Interval               .10*           .10*  │       │   Note: Assumes E/W Split Phasing                       │ 
     └─────────────────────────────────────────────────────────┘       └─────────────────────────────────────────────────────────┘ 
         TOTAL CAPACITY UTILIZATION       .22            .37               TOTAL CAPACITY UTILIZATION       .37            .36 
 
 
     ┌─────────────────────────────────────────────────────────┐  
     │   SCVCTM 4.1 2014 with Stage 3 Improvements             │  
     │                                                         │  
     │                             AM PK HOUR     PM PK HOUR   │  
     │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │  
     │                                                         │  
     │   NBL      1      1600       20    .01      10    .01   │  
     │   NBT      3      4800     1320    .28*    270    .06*  │  
     │   NBR      0         0       20             10          │  
     │                                                         │  
     │   SBL      2      2880        0    .00     190    .07*  │  
     │   SBT      3      4800       90    .02     520    .12   │  
     │   SBR      0         0       20             60          │  
     │                                                         │  
     │   EBL      1      1600       80    .05*    260    .16*  │  
     │   EBT      2      3200       30    .01      50    .02   │  
     │   EBR      1      1600       80    .05     280    .18   │  
     │                                                         │  
     │   WBL      1.5               10    .01      40          │  
     │   WBT      0.5    3200       20    .01*     10    .02*  │  
     │   WBR      1      1600       20    .01      40    .03   │  
     │                                                         │  
     │   Right Turn Adjustment                    EBR    .01*  │  
     │   Clearance Interval               .10*           .10*  │  
     │   Note: Assumes E/W Split Phasing                       │  
     └─────────────────────────────────────────────────────────┘  
         TOTAL CAPACITY UTILIZATION       .44            .42      
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         81. Commerce Ctr & Henry Mayo                            
                                                                  
     ┌─────────────────────────────────────────────────────────┐       ┌─────────────────────────────────────────────────────────┐ 
     │   SCVCTM 4.1 2018 with Stage 4 Improvements             │       │   SCVCTM 4.1 2022 with Stage 5 Improvements             │ 
     │                                                         │       │                                                         │ 
     │                             AM PK HOUR     PM PK HOUR   │       │                             AM PK HOUR     PM PK HOUR   │ 
     │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │       │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │ 
     │                                                         │       │                                                         │ 
     │   NBL      1      1600       20    .01      20    .01*  │       │   NBL      1      1600       20    .01      20    .01*  │ 
     │   NBT      3      4800     1340    .29*    480    .11   │       │   NBT      3      4800     1440    .32*    660    .15   │ 
     │   NBR      0         0       70             40          │       │   NBR      0         0      110             80          │ 
     │                                                         │       │                                                         │ 
     │   SBL      2      2880       10    .00     140    .05   │       │   SBL      2      2880       20    .01*     50    .02   │ 
     │   SBT      3      4800      170    .04     740    .17*  │       │   SBT      3      4800      230    .05     890    .20*  │ 
     │   SBR      0         0       20             60          │       │   SBR      0         0       20             60          │ 
     │                                                         │       │                                                         │ 
     │   EBL      1      1600      130    .08*    260    .16*  │       │   EBL      1      1600      320    .20*    290    .18*  │ 
     │   EBT      2      3200       60    .02      40    .01   │       │   EBT      2      3200      120    .04      60    .02   │ 
     │   EBR      1      1600       80    .05     210    .13   │       │   EBR      1      1600      120    .08     230    .14   │ 
     │                                                         │       │                                                         │ 
     │   WBL      1.5               40            100          │       │   WBL      1.5               60            150          │ 
     │   WBT      0.5    3200       10    .02*     10    .03*  │       │   WBT      0.5    3200       10    .02*     10    .05*  │ 
     │   WBR      1      1600       40    .03      60    .04   │       │   WBR      1      1600       50    .03     110    .07   │ 
     │                                                         │       │                                                         │ 
     │   Right Turn Adjustment     WBR    .01*                 │       │   Clearance Interval               .10*           .10*  │ 
     │   Clearance Interval               .10*           .10*  │       │   Note: Assumes E/W Split Phasing                       │ 
     │   Note: Assumes E/W Split Phasing                       │       └─────────────────────────────────────────────────────────┘ 
     └─────────────────────────────────────────────────────────┘           TOTAL CAPACITY UTILIZATION       .65            .54 
         TOTAL CAPACITY UTILIZATION       .50            .47      
 
 
     ┌─────────────────────────────────────────────────────────┐       ┌─────────────────────────────────────────────────────────┐ 
     │   SCVCTM 4.1 2025 with Stage 6a Improvements            │       │   SCVCTM 4.1 2030 with 6b Imp./no Potrero Bridge        │ 
     │                                                         │       │                                                         │ 
     │                             AM PK HOUR     PM PK HOUR   │       │                             AM PK HOUR     PM PK HOUR   │ 
     │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │       │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │ 
     │                                                         │       │                                                         │ 
     │   NBL      1      1600       20    .01      20    .01   │       │   NBL      1      1600       20    .01      20    .01   │ 
     │   NBT      3      4800     1540    .35*    890    .21*  │       │   NBT      3      4800     1620    .39*    980    .23*  │ 
     │   NBR      0         0      140            110          │       │   NBR      0         0      240            140          │ 
     │                                                         │       │                                                         │ 
     │   SBL      2      2880       20    .01*     60    .02*  │       │   SBL      2      2880       70    .02*     70    .02*  │ 
     │   SBT      3      4800      300    .07     950    .21   │       │   SBT      3      4800      280    .06    1040    .23   │ 
     │   SBR      0         0       20             50          │       │   SBR      0         0       20             50          │ 
     │                                                         │       │                                                         │ 
     │   EBL      1      1600      400    .25*    300    .19*  │       │   EBL      1      1600      380    .24*    300    .19*  │ 
     │   EBT      2      3200      170    .05      90    .03   │       │   EBT      2      3200      250    .08     140    .04   │ 
     │   EBR      1      1600      200    .13     320    .20   │       │   EBR      1      1600      220    .14     380    .24   │ 
     │                                                         │       │                                                         │ 
     │   WBL      1.5              110            220          │       │   WBL      1.5               90            300          │ 
     │   WBT      0.5    3200       10    .04*     10    .07*  │       │   WBT      0.5    3200       10    .03*     10    .10*  │ 
     │   WBR      1      1600       60    .04     180    .11   │       │   WBR      1      1600       80    .05     270    .17   │ 
     │                                                         │       │                                                         │ 
     │   Right Turn Adjustment                    WBR    .02*  │       │   Right Turn Adjustment                  Multi    .08*  │ 
     │   Clearance Interval               .10*           .10*  │       │   Clearance Interval               .10*           .10*  │ 
     │   Note: Assumes E/W Split Phasing                       │       │   Note: Assumes E/W Split Phasing                       │ 
     └─────────────────────────────────────────────────────────┘       └─────────────────────────────────────────────────────────┘ 
         TOTAL CAPACITY UTILIZATION       .75            .61               TOTAL CAPACITY UTILIZATION       .78            .72 
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         82. Commerce Ctr & SR-126 EB Rmp                         
                                                                  
     ┌─────────────────────────────────────────────────────────┐       ┌─────────────────────────────────────────────────────────┐ 
     │   SCVCTM 4.1 2011 with Stage 1 Improvements             │       │   SCVCTM 4.1 2012 with Stage 2 Improvements             │ 
     │                                                         │       │                                                         │ 
     │                             AM PK HOUR     PM PK HOUR   │       │                             AM PK HOUR     PM PK HOUR   │ 
     │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │       │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │ 
     │                                                         │       │                                                         │ 
     │   NBL      0         0        0              0          │       │   NBL      0         0        0              0          │ 
     │   NBT      3      4800      160    .03*    230    .05   │       │   NBT      3      4800     1050    .22*    400    .08   │ 
     │   NBR      f                 30             80          │       │   NBR      f                 70            120          │ 
     │                                                         │       │                                                         │ 
     │   SBL      0         0        0              0          │       │   SBL      0         0        0              0          │ 
     │   SBT      2      3200       40    .01     250    .08*  │       │   SBT      2      3200       90    .03     520    .16*  │ 
     │   SBR      f                340           1160          │       │   SBR      f                380           1300          │ 
     │                                                         │       │                                                         │ 
     │   EBL      0         0        0              0          │       │   EBL      0         0        0              0          │ 
     │   EBT      0         0        0              0          │       │   EBT      0         0        0              0          │ 
     │   EBR      0         0        0              0          │       │   EBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   WBL      0         0        0              0          │       │   WBL      0         0        0              0          │ 
     │   WBT      0         0        0              0          │       │   WBT      0         0        0              0          │ 
     │   WBR      0         0        0              0          │       │   WBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   Clearance Interval               .10*           .10*  │       │   Clearance Interval               .10*           .10*  │ 
     └─────────────────────────────────────────────────────────┘       └─────────────────────────────────────────────────────────┘ 
         TOTAL CAPACITY UTILIZATION       .13            .18               TOTAL CAPACITY UTILIZATION       .32            .26 
 
 
     ┌─────────────────────────────────────────────────────────┐  
     │   SCVCTM 4.1 2014 with Stage 3 Improvements             │  
     │                                                         │  
     │                             AM PK HOUR     PM PK HOUR   │  
     │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │  
     │                                                         │  
     │   NBL      0         0        0              0          │  
     │   NBT      3      4800     1320    .28*    440    .09   │  
     │   NBR      f                 90            130          │  
     │                                                         │  
     │   SBL      0         0        0              0          │  
     │   SBT      2      3200      120    .04     780    .24*  │  
     │   SBR      f                420           1400          │  
     │                                                         │  
     │   EBL      0         0        0              0          │  
     │   EBT      0         0        0              0          │  
     │   EBR      0         0        0              0          │  
     │                                                         │  
     │   WBL      0         0        0              0          │  
     │   WBT      0         0        0              0          │  
     │   WBR      0         0        0              0          │  
     │                                                         │  
     │   Clearance Interval               .10*           .10*  │  
     └─────────────────────────────────────────────────────────┘  
         TOTAL CAPACITY UTILIZATION       .38            .34      
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         82. Commerce Ctr & SR-126 EB Rmp                         
                                                                  
     ┌─────────────────────────────────────────────────────────┐       ┌─────────────────────────────────────────────────────────┐ 
     │   SCVCTM 4.1 2018 with Stage 4 Improvements             │       │   SCVCTM 4.1 2022 with Stage 5 Improvements             │ 
     │                                                         │       │                                                         │ 
     │                             AM PK HOUR     PM PK HOUR   │       │                             AM PK HOUR     PM PK HOUR   │ 
     │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │       │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │ 
     │                                                         │       │                                                         │ 
     │   NBL      0         0        0              0          │       │   NBL      0         0        0              0          │ 
     │   NBT      3      4800     1310    .27*    540    .11   │       │   NBT      3      4800     1520    .32*    740    .15   │ 
     │   NBR      f                200            250          │       │   NBR      f                300            320          │ 
     │                                                         │       │                                                         │ 
     │   SBL      0         0        0              0          │       │   SBL      0         0        0              0          │ 
     │   SBT      2      3200      200    .06     940    .29*  │       │   SBT      2      3200      260    .08    1000    .31*  │ 
     │   SBR      f                420           1430          │       │   SBR      f                400           1370          │ 
     │                                                         │       │                                                         │ 
     │   EBL      0         0        0              0          │       │   EBL      0         0        0              0          │ 
     │   EBT      0         0        0              0          │       │   EBT      0         0        0              0          │ 
     │   EBR      0         0        0              0          │       │   EBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   WBL      0         0        0              0          │       │   WBL      0         0        0              0          │ 
     │   WBT      0         0        0              0          │       │   WBT      0         0        0              0          │ 
     │   WBR      0         0        0              0          │       │   WBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   Clearance Interval               .10*           .10*  │       │   Clearance Interval               .10*           .10*  │ 
     └─────────────────────────────────────────────────────────┘       └─────────────────────────────────────────────────────────┘ 
         TOTAL CAPACITY UTILIZATION       .37            .39               TOTAL CAPACITY UTILIZATION       .42            .41 
 
 
     ┌─────────────────────────────────────────────────────────┐       ┌─────────────────────────────────────────────────────────┐ 
     │   SCVCTM 4.1 2025 with Stage 6a Improvements            │       │   SCVCTM 4.1 2030 with 6b Imp./no Potrero Bridge        │ 
     │                                                         │       │                                                         │ 
     │                             AM PK HOUR     PM PK HOUR   │       │                             AM PK HOUR     PM PK HOUR   │ 
     │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │       │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │ 
     │                                                         │       │                                                         │ 
     │   NBL      0         0        0              0          │       │   NBL      0         0        0              0          │ 
     │   NBT      3      4800     1690    .35*    950    .20   │       │   NBT      3      4800     1760    .37*   1130    .24   │ 
     │   NBR      f                320            420          │       │   NBR      f                330            410          │ 
     │                                                         │       │                                                         │ 
     │   SBL      0         0        0              0          │       │   SBL      0         0        0              0          │ 
     │   SBT      2      3200      340    .11    1060    .33*  │       │   SBT      2      3200      370    .12    1160    .36*  │ 
     │   SBR      f                380           1330          │       │   SBR      f                330           1400          │ 
     │                                                         │       │                                                         │ 
     │   EBL      0         0        0              0          │       │   EBL      0         0        0              0          │ 
     │   EBT      0         0        0              0          │       │   EBT      0         0        0              0          │ 
     │   EBR      0         0        0              0          │       │   EBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   WBL      0         0        0              0          │       │   WBL      0         0        0              0          │ 
     │   WBT      0         0        0              0          │       │   WBT      0         0        0              0          │ 
     │   WBR      0         0        0              0          │       │   WBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   Clearance Interval               .10*           .10*  │       │   Clearance Interval               .10*           .10*  │ 
     └─────────────────────────────────────────────────────────┘       └─────────────────────────────────────────────────────────┘ 
         TOTAL CAPACITY UTILIZATION       .45            .43               TOTAL CAPACITY UTILIZATION       .47            .46 
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         83. Commerce Ctr & SR-126 WB Rmps                        
                                                                  
     ┌─────────────────────────────────────────────────────────┐       ┌─────────────────────────────────────────────────────────┐ 
     │   SCVCTM 4.1 2011 with Stage 1 Improvements             │       │   SCVCTM 4.1 2012 with Stage 2 Improvements             │ 
     │                                                         │       │                                                         │ 
     │                             AM PK HOUR     PM PK HOUR   │       │                             AM PK HOUR     PM PK HOUR   │ 
     │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │       │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │ 
     │                                                         │       │                                                         │ 
     │   NBL      2      2880       90    .03*     50    .02*  │       │   NBL      2      2880      290    .10*    140    .05*  │ 
     │   NBT      3      4800       80    .02     180    .04   │       │   NBT      3      4800      760    .16     250    .05   │ 
     │   NBR      0         0        0              0          │       │   NBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   SBL      0         0        0              0          │       │   SBL      0         0        0              0          │ 
     │   SBT      3      4800      360    .08*   1360    .28*  │       │   SBT      3      4800      430    .09*   1710    .36*  │ 
     │   SBR      1      1600      110    .07     220    .14   │       │   SBR      1      1600      110    .07     240    .15   │ 
     │                                                         │       │                                                         │ 
     │   EBL      0         0        0              0          │       │   EBL      0         0        0              0          │ 
     │   EBT      0         0        0              0          │       │   EBT      0         0        0              0          │ 
     │   EBR      0         0        0              0          │       │   EBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   WBL      2      2880       20    .01*     40    .01*  │       │   WBL      2      2880       40    .01*    110    .04*  │ 
     │   WBT      0         0        0              0          │       │   WBT      0         0        0              0          │ 
     │   WBR      2      3200     1270    .40     460    .14   │       │   WBR      2      3200     1280    .40     510    .16   │ 
     │                                                         │       │                                                         │ 
     │   Right Turn Adjustment     WBR    .32*                 │       │   Right Turn Adjustment     WBR    .37*                 │ 
     │   Clearance Interval               .10*           .10*  │       │   Clearance Interval               .10*           .10*  │ 
     └─────────────────────────────────────────────────────────┘       └─────────────────────────────────────────────────────────┘ 
         TOTAL CAPACITY UTILIZATION       .54            .41               TOTAL CAPACITY UTILIZATION       .67            .55 
 
 
     ┌─────────────────────────────────────────────────────────┐  
     │   SCVCTM 4.1 2014 with Stage 3 Improvements             │  
     │                                                         │  
     │                             AM PK HOUR     PM PK HOUR   │  
     │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │  
     │                                                         │  
     │   NBL      2      2880      270    .09     120    .04*  │  
     │   NBT      3      4800     1050    .22*    320    .07   │  
     │   NBR      0         0        0              0          │  
     │                                                         │  
     │   SBL      0         0        0              0          │  
     │   SBT      3      4800      490    .10    2040    .43*  │  
     │   SBR      1      1600      120    .08     270    .17   │  
     │                                                         │  
     │   EBL      0         0        0              0          │  
     │   EBT      0         0        0              0          │  
     │   EBR      0         0        0              0          │  
     │                                                         │  
     │   WBL      2      2880       40    .01*    140    .05*  │  
     │   WBT      0         0        0              0          │  
     │   WBR      2      3200     1350    .42     550    .17   │  
     │                                                         │  
     │   Right Turn Adjustment     WBR    .41*                 │  
     │   Clearance Interval               .10*           .10*  │  
     └─────────────────────────────────────────────────────────┘  
         TOTAL CAPACITY UTILIZATION       .74            .62      
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         83. Commerce Ctr & SR-126 WB Rmps                        
                                                                  
     ┌─────────────────────────────────────────────────────────┐       ┌─────────────────────────────────────────────────────────┐ 
     │   SCVCTM 4.1 2018 with Stage 4 Improvements             │       │   SCVCTM 4.1 2022 with Stage 5 Improvements             │ 
     │                                                         │       │                                                         │ 
     │                             AM PK HOUR     PM PK HOUR   │       │                             AM PK HOUR     PM PK HOUR   │ 
     │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │       │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │ 
     │                                                         │       │                                                         │ 
     │   NBL      2      2880      170    .06     160    .06*  │       │   NBL      2      2880      200    .07     270    .09*  │ 
     │   NBT      3      4800     1150    .24*    380    .08   │       │   NBT      3      4800     1320    .28*    480    .10   │ 
     │   NBR      0         0        0              0          │       │   NBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   SBL      0         0        0              0          │       │   SBL      0         0        0              0          │ 
     │   SBT      3      4800      520    .11    2140    .45*  │       │   SBT      3      4800      540    .11    2080    .43*  │ 
     │   SBR      1      1600      120    .08     320    .20   │       │   SBR      1      1600      140    .09     500    .31   │ 
     │                                                         │       │                                                         │ 
     │   EBL      0         0        0              0          │       │   EBL      0         0        0              0          │ 
     │   EBT      0         0        0              0          │       │   EBT      0         0        0              0          │ 
     │   EBR      0         0        0              0          │       │   EBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   WBL      2      2880      100    .03*    230    .08*  │       │   WBL      2      2880      110    .04*    290    .10*  │ 
     │   WBT      0         0        0              0          │       │   WBT      0         0        0              0          │ 
     │   WBR      2      3200     1420    .44     510    .16   │       │   WBR      2      3200     1350    .42     540    .17   │ 
     │                                                         │       │                                                         │ 
     │   Right Turn Adjustment     WBR    .41*                 │       │   Right Turn Adjustment     WBR    .38*                 │ 
     │   Clearance Interval               .10*           .10*  │       │   Clearance Interval               .10*           .10*  │ 
     └─────────────────────────────────────────────────────────┘       └─────────────────────────────────────────────────────────┘ 
         TOTAL CAPACITY UTILIZATION       .78            .69               TOTAL CAPACITY UTILIZATION       .80            .72 
 
 
     ┌─────────────────────────────────────────────────────────┐       ┌─────────────────────────────────────────────────────────┐ 
     │   SCVCTM 4.1 2025 with Stage 6a Improvements            │       │   SCVCTM 4.1 2030 with 6b Imp./no Potrero Bridge        │ 
     │                                                         │       │                                                         │ 
     │                             AM PK HOUR     PM PK HOUR   │       │                             AM PK HOUR     PM PK HOUR   │ 
     │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │       │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │ 
     │                                                         │       │                                                         │ 
     │   NBL      2      2880      260    .09     410    .14*  │       │   NBL      2      2880      310    .11     550    .19*  │ 
     │   NBT      3      4800     1430    .30*    530    .11   │       │   NBT      3      4800     1440    .30*    580    .12   │ 
     │   NBR      0         0        0              0          │       │   NBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   SBL      0         0        0              0          │       │   SBL      0         0        0              0          │ 
     │   SBT      3      4800      560    .12    2060    .43*  │       │   SBT      3      4800      560    .12    2220    .46*  │ 
     │   SBR      1      1600      160    .10     610    .38   │       │   SBR      1      1600      180    .11     630    .39   │ 
     │                                                         │       │                                                         │ 
     │   EBL      0         0        0              0          │       │   EBL      0         0        0              0          │ 
     │   EBT      0         0        0              0          │       │   EBT      0         0        0              0          │ 
     │   EBR      0         0        0              0          │       │   EBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   WBL      2      2880      150    .05*    320    .11*  │       │   WBL      2      2880      140    .05*    340    .12*  │ 
     │   WBT      0         0        0              0          │       │   WBT      0         0        0              0          │ 
     │   WBR      2      3200     1300    .41     510    .16   │       │   WBR      2      3200     1280    .40     520    .16   │ 
     │                                                         │       │                                                         │ 
     │   Right Turn Adjustment     WBR    .36*                 │       │   Right Turn Adjustment     WBR    .35*                 │ 
     │   Clearance Interval               .10*           .10*  │       │   Clearance Interval               .10*           .10*  │ 
     └─────────────────────────────────────────────────────────┘       └─────────────────────────────────────────────────────────┘ 
         TOTAL CAPACITY UTILIZATION       .81            .78               TOTAL CAPACITY UTILIZATION       .80            .87 
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         96. Martinez/Potrero & SR-126                            
                                                                  
     ┌─────────────────────────────────────────────────────────┐       ┌─────────────────────────────────────────────────────────┐ 
     │   Existing Count                                        │       │   SCVCTM 4.1 2011 with Stage 1 Improvements             │ 
     │                                                         │       │                                                         │ 
     │                             AM PK HOUR     PM PK HOUR   │       │                             AM PK HOUR     PM PK HOUR   │ 
     │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │       │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │ 
     │                                                         │       │                                                         │ 
     │   NBL      0         0        0              0          │       │   NBL      0         0        0              0          │ 
     │   NBT      0         0        0              0          │       │   NBT      0         0        0              0          │ 
     │   NBR      0         0        0              0          │       │   NBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   SBL      0         0        3              7          │       │   SBL      0         0       10             10          │ 
     │   SBT      1      1600        0    .00*      0    .01*  │       │   SBT      1      1600        0    .01*      0    .01*  │ 
     │   SBR      0         0        2              4          │       │   SBR      0         0       10             10          │ 
     │                                                         │       │                                                         │ 
     │   EBL      1      1600        1    .00       2    .00   │       │   EBL      1      1600       10    .01       0    .00   │ 
     │   EBT      2      3200      592    .19    1126    .35*  │       │   EBT      2      3200      840    .26*   1010    .32   │ 
     │   EBR      0         0        0              0          │       │   EBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   WBL      0         0        0              0          │       │   WBL      0         0        0              0          │ 
     │   WBT      2      3200      738    .23*    796    .25   │       │   WBT      2      3200      680    .22    1090    .34*  │ 
     │   WBR      0         0        2              4          │       │   WBR      0         0       10              0          │ 
     │                                                         │       │                                                         │ 
     │   Clearance Interval               .10*           .10*  │       │   Clearance Interval               .10*           .10*  │ 
     └─────────────────────────────────────────────────────────┘       └─────────────────────────────────────────────────────────┘ 
         TOTAL CAPACITY UTILIZATION       .33            .46               TOTAL CAPACITY UTILIZATION       .37            .45 
 
 
     ┌─────────────────────────────────────────────────────────┐       ┌─────────────────────────────────────────────────────────┐ 
     │   SCVCTM 4.1 2012 with Stage 2 Improvements             │       │   SCVCTM 4.1 2014 with Stage 3 Improvements             │ 
     │                                                         │       │                                                         │ 
     │                             AM PK HOUR     PM PK HOUR   │       │                             AM PK HOUR     PM PK HOUR   │ 
     │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │       │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │ 
     │                                                         │       │                                                         │ 
     │   NBL      0         0        0              0          │       │   NBL      0         0        0              0          │ 
     │   NBT      0         0        0              0          │       │   NBT      0         0        0              0          │ 
     │   NBR      0         0        0              0          │       │   NBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   SBL      0         0       10             10          │       │   SBL      0         0       10             10          │ 
     │   SBT      1      1600        0    .01*      0    .01*  │       │   SBT      1      1600        0    .01*      0    .01*  │ 
     │   SBR      0         0       10             10          │       │   SBR      0         0       10             10          │ 
     │                                                         │       │                                                         │ 
     │   EBL      1      1600       10    .01       0    .00   │       │   EBL      1      1600       10    .01       0    .00   │ 
     │   EBT      2      3200      860    .27*   1020    .32   │       │   EBT      2      3200      860    .27*   1020    .32   │ 
     │   EBR      0         0        0              0          │       │   EBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   WBL      0         0        0              0          │       │   WBL      0         0        0              0          │ 
     │   WBT      2      3200      710    .23    1110    .35*  │       │   WBT      2      3200      700    .22    1110    .35*  │ 
     │   WBR      0         0       10              0          │       │   WBR      0         0       10              0          │ 
     │                                                         │       │                                                         │ 
     │   Clearance Interval               .10*           .10*  │       │   Clearance Interval               .10*           .10*  │ 
     └─────────────────────────────────────────────────────────┘       └─────────────────────────────────────────────────────────┘ 
         TOTAL CAPACITY UTILIZATION       .38            .46               TOTAL CAPACITY UTILIZATION       .38            .46 
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         96. Martinez/Potrero & SR-126                            
                                                                  
     ┌─────────────────────────────────────────────────────────┐       ┌─────────────────────────────────────────────────────────┐ 
     │   SCVCTM 4.1 2018 with Stage 4 Improvements             │       │   SCVCTM 4.1 2022 with Stage 5 Improvements             │ 
     │                                                         │       │                                                         │ 
     │                             AM PK HOUR     PM PK HOUR   │       │                             AM PK HOUR     PM PK HOUR   │ 
     │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │       │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │ 
     │                                                         │       │                                                         │ 
     │   NBL      0         0        0              0          │       │   NBL      0         0        0              0          │ 
     │   NBT      0         0        0              0          │       │   NBT      0         0        0              0          │ 
     │   NBR      0         0        0              0          │       │   NBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   SBL      0         0       30             20          │       │   SBL      1      1600       70    .04*     40    .03*  │ 
     │   SBT      1      1600        0    .03*      0    .02*  │       │   SBT      1      1600        0    .01       0    .01   │ 
     │   SBR      0         0       10             10          │       │   SBR      0         0       20             10          │ 
     │                                                         │       │                                                         │ 
     │   EBL      1      1600       10    .01      10    .01*  │       │   EBL      1      1600       10    .01      10    .01*  │ 
     │   EBT      2      3200      890    .28*   1050    .33   │       │   EBT      2      3200      960    .30*   1130    .35   │ 
     │   EBR      0         0        0              0          │       │   EBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   WBL      0         0        0              0          │       │   WBL      0         0        0              0          │ 
     │   WBT      2      3200      740    .23    1140    .37*  │       │   WBT      2      3200      810    .25    1230    .38*  │ 
     │   WBR      0         0       10             40          │       │   WBR      1      1600       30    .02      70    .04   │ 
     │                                                         │       │                                                         │ 
     │   Clearance Interval               .10*           .10*  │       │   Clearance Interval               .10*           .10*  │ 
     └─────────────────────────────────────────────────────────┘       └─────────────────────────────────────────────────────────┘ 
         TOTAL CAPACITY UTILIZATION       .41            .50               TOTAL CAPACITY UTILIZATION       .44            .52 
 
 
     ┌─────────────────────────────────────────────────────────┐       ┌─────────────────────────────────────────────────────────┐ 
     │   SCVCTM 4.1 2025 with Stage 6a Improvements            │       │   SCVCTM 4.1 2030 with 6b Imp./no Potrero Bridge        │ 
     │                                                         │       │                                                         │ 
     │                             AM PK HOUR     PM PK HOUR   │       │                             AM PK HOUR     PM PK HOUR   │ 
     │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │       │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │ 
     │                                                         │       │                                                         │ 
     │   NBL      0         0        0              0          │       │   NBL      1      1600       10    .01      10    .01   │ 
     │   NBT      0         0        0              0          │       │   NBT      1      1600       10    .12*     10    .06*  │ 
     │   NBR      0         0        0              0          │       │   NBR      0         0      180             90          │ 
     │                                                         │       │                                                         │ 
     │   SBL      1      1600       90    .06*     50    .03*  │       │   SBL      2      2880      130    .05*     70    .02*  │ 
     │   SBT      1      1600        0    .02       0    .01   │       │   SBT      1      1600        0    .00      10    .01   │ 
     │   SBR      0         0       30             20          │       │   SBR      1      1600       30    .02      20    .01   │ 
     │                                                         │       │                                                         │ 
     │   EBL      1      1600       20    .01      30    .02*  │       │   EBL      1      1600       20    .01      30    .02*  │ 
     │   EBT      2      3200     1270    .40*   1330    .42   │       │   EBT      2      3200     1320    .41*   1350    .42   │ 
     │   EBR      0         0        0              0          │       │   EBR      1      1600       10    .01      10    .01   │ 
     │                                                         │       │                                                         │ 
     │   WBL      0         0        0              0          │       │   WBL      1      1600       30    .02*    180    .11   │ 
     │   WBT      2      3200      900    .28    1570    .49*  │       │   WBT      2      3200      920    .29    1670    .52*  │ 
     │   WBR      1      1600       40    .03     120    .08   │       │   WBR      1      1600       50    .03     170    .11   │ 
     │                                                         │       │                                                         │ 
     │   Clearance Interval               .10*           .10*  │       │   Clearance Interval               .10*           .10*  │ 
     └─────────────────────────────────────────────────────────┘       └─────────────────────────────────────────────────────────┘ 
         TOTAL CAPACITY UTILIZATION       .56            .64               TOTAL CAPACITY UTILIZATION       .70            .72 
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         101. Long Cyn & Potrero Cyn                              
                                                                  
     ┌─────────────────────────────────────────────────────────┐  
     │   SCVCTM 4.1 2014 with Stage 3 Improvements             │  
     │                                                         │  
     │                             AM PK HOUR     PM PK HOUR   │  
     │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │  
     │                                                         │  
     │   NBL      0         0        0              0          │  
     │   NBT      0         0        0              0          │  
     │   NBR      0         0        0              0          │  
     │                                                         │  
     │   SBL      2      2880        0    .00      10    .00   │  
     │   SBT      0         0        0              0          │  
     │   SBR      0         0        0              0          │  
     │                                                         │  
     │   EBL      0         0        0              0          │  
     │   EBT      0         0        0              0          │  
     │   EBR      0         0        0              0          │  
     │                                                         │  
     │   WBL      0         0        0              0          │  
     │   WBT      0         0        0              0          │  
     │   WBR      f                 20             20          │  
     │                                                         │  
     │   Clearance Interval               .10*           .10*  │  
     └─────────────────────────────────────────────────────────┘  
         TOTAL CAPACITY UTILIZATION       .10            .10      
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         101. Long Cyn & Potrero Cyn                              
                                                                  
     ┌─────────────────────────────────────────────────────────┐       ┌─────────────────────────────────────────────────────────┐ 
     │   SCVCTM 4.1 2018 with Stage 4 Improvements             │       │   SCVCTM 4.1 2022 with Stage 5 Improvements             │ 
     │                                                         │       │                                                         │ 
     │                             AM PK HOUR     PM PK HOUR   │       │                             AM PK HOUR     PM PK HOUR   │ 
     │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │       │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │ 
     │                                                         │       │                                                         │ 
     │   NBL      0         0        0              0          │       │   NBL      1      1600        0    .00       0    .00   │ 
     │   NBT      1      1600        0    .00*      0    .00*  │       │   NBT      1      1600        0    .00*      0    .00   │ 
     │   NBR      1      1600        0    .00       0    .00   │       │   NBR      1      1600        0    .00       0    .00   │ 
     │                                                         │       │                                                         │ 
     │   SBL      2      2880       70    .02*    280    .10*  │       │   SBL      2      2880      110    .04*    350    .12   │ 
     │   SBT      1      1600        0    .00       0    .00   │       │   SBT      0.5    3200        0    .00       0  {.13}*  │ 
     │   SBR      0         0        0              0          │       │   SBR      1.5              140            590          │ 
     │                                                         │       │                                                         │ 
     │   EBL      0         0        0              0          │       │   EBL      2      2880      440    .15*    400    .14*  │ 
     │   EBT      0         0        0              0          │       │   EBT      3      4800      140    .03      80    .02   │ 
     │   EBR      0         0        0              0          │       │   EBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   WBL      1      1600        0    .00       0    .00   │       │   WBL      1      1600        0    .00       0    .00   │ 
     │   WBT      0         0        0              0          │       │   WBT      2      3200       60    .02*    140    .04*  │ 
     │   WBR      f                440            170          │       │   WBR      f                480            240          │ 
     │                                                         │       │                                                         │ 
     │   Clearance Interval               .10*           .10*  │       │   Clearance Interval               .10*           .10*  │ 
     └─────────────────────────────────────────────────────────┘       └─────────────────────────────────────────────────────────┘ 
         TOTAL CAPACITY UTILIZATION       .12            .20               TOTAL CAPACITY UTILIZATION       .31            .41 
 
 
     ┌─────────────────────────────────────────────────────────┐       ┌─────────────────────────────────────────────────────────┐ 
     │   SCVCTM 4.1 2025 with Stage 6a Improvements            │       │   SCVCTM 4.1 2030 with 6b Imp./no Potrero Bridge        │ 
     │                                                         │       │                                                         │ 
     │                             AM PK HOUR     PM PK HOUR   │       │                             AM PK HOUR     PM PK HOUR   │ 
     │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │       │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │ 
     │                                                         │       │                                                         │ 
     │   NBL      1      1600        0    .00       0    .00   │       │   NBL      1      1600        0    .00       0    .00   │ 
     │   NBT      1      1600        0    .00*      0    .00   │       │   NBT      1      1600        0    .00*      0    .00   │ 
     │   NBR      1      1600        0    .00       0    .00   │       │   NBR      1      1600        0    .00       0    .00   │ 
     │                                                         │       │                                                         │ 
     │   SBL      2      2880      140    .05*    450    .16   │       │   SBL      2      2880      240    .08*    470    .16   │ 
     │   SBT      0.5    3200        0    .00       0  {.23}*  │       │   SBT      0.5    3200        0    .00       0  {.26}*  │ 
     │   SBR      1.5              240           1000          │       │   SBR      1.5              320           1160          │ 
     │                                                         │       │                                                         │ 
     │   EBL      2      2880      860    .30*    620    .22*  │       │   EBL      2      2880      900    .31*    780    .27*  │ 
     │   EBT      3      4800      200    .04     280    .06   │       │   EBT      3      4800      100    .02     510    .11   │ 
     │   EBR      0         0        0              0          │       │   EBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   WBL      1      1600        0    .00       0    .00   │       │   WBL      1      1600        0    .00       0    .00   │ 
     │   WBT      2      3200       60    .02*    310    .10*  │       │   WBT      2      3200       40    .01*    560    .18*  │ 
     │   WBR      f                520            320          │       │   WBR      f                570            450          │ 
     │                                                         │       │                                                         │ 
     │   Clearance Interval               .10*           .10*  │       │   Clearance Interval               .10*           .10*  │ 
     └─────────────────────────────────────────────────────────┘       └─────────────────────────────────────────────────────────┘ 
         TOTAL CAPACITY UTILIZATION       .47            .65               TOTAL CAPACITY UTILIZATION       .50            .81



 

Westside Santa Clarita Valley B-56 Austin-Foust Associates, Inc. 
Roadway Phasing Analysis  105345rptAppxB.doc 

         102. Newhall Ranch & Potrero Cyn                         
                                                                  
     ┌─────────────────────────────────────────────────────────┐  
     │   SCVCTM 4.1 2014 with Stage 3 Improvements             │  
     │                                                         │  
     │                             AM PK HOUR     PM PK HOUR   │  
     │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │  
     │                                                         │  
     │   NBL      0         0        0              0          │  
     │   NBT      0         0        0              0          │  
     │   NBR      0         0        0              0          │  
     │                                                         │  
     │   SBL      0         0        0              0          │  
     │   SBT      0         0        0              0          │  
     │   SBR      f                 20             20          │  
     │                                                         │  
     │   EBL      2      2880       10    .00      10    .00   │  
     │   EBT      0         0        0              0          │  
     │   EBR      0         0        0              0          │  
     │                                                         │  
     │   WBL      0         0        0              0          │  
     │   WBT      0         0        0              0          │  
     │   WBR      0         0        0              0          │  
     │                                                         │  
     │   Clearance Interval               .10*           .10*  │  
     └─────────────────────────────────────────────────────────┘  
         TOTAL CAPACITY UTILIZATION       .10            .10      
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         102. Newhall Ranch & Potrero Cyn                         
                                                                  
     ┌─────────────────────────────────────────────────────────┐       ┌─────────────────────────────────────────────────────────┐ 
     │   SCVCTM 4.1 2018 with Stage 4 Improvements             │       │   SCVCTM 4.1 2022 with Stage 5 Improvements             │ 
     │                                                         │       │                                                         │ 
     │                             AM PK HOUR     PM PK HOUR   │       │                             AM PK HOUR     PM PK HOUR   │ 
     │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │       │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │ 
     │                                                         │       │                                                         │ 
     │   NBL      2      2880        0    .00       0    .00   │       │   NBL      2      2880        0    .00       0    .00   │ 
     │   NBT      2      3200        0    .00*      0    .00*  │       │   NBT      2      3200        0    .00*      0    .00*  │ 
     │   NBR      1      1600        0    .00       0    .00   │       │   NBR      1      1600        0    .00       0    .00   │ 
     │                                                         │       │                                                         │ 
     │   SBL      2      2880      100    .03*     90    .03*  │       │   SBL      2      2880      290    .10*    170    .06*  │ 
     │   SBT      2      3200        0    .00       0    .00   │       │   SBT      2      3200        0    .00       0    .00   │ 
     │   SBR      f                 20             20          │       │   SBR      f                100            180          │ 
     │                                                         │       │                                                         │ 
     │   EBL      2      2880        0    .00      10    .00   │       │   EBL      2      2880       70    .02*    140    .05*  │ 
     │   EBT      2      3200       50    .02     220    .07*  │       │   EBT      2      3200      410    .13     610    .19   │ 
     │   EBR      1      1600        0    .00       0    .00   │       │   EBR      1      1600        0    .00       0    .00   │ 
     │                                                         │       │                                                         │ 
     │   WBL      1      1600        0    .00       0    .00   │       │   WBL      1      1600        0    .00       0    .00   │ 
     │   WBT      2      3200      340    .11*    120    .04   │       │   WBT      2      3200      450    .14*    620    .19*  │ 
     │   WBR      1      1600       70    .04     160    .10   │       │   WBR      1      1600      210    .13     310    .19   │ 
     │                                                         │       │                                                         │ 
     │   Right Turn Adjustment                    WBR    .01*  │       │   Clearance Interval               .10*           .10*  │ 
     │   Clearance Interval               .10*           .10*  │       └─────────────────────────────────────────────────────────┘ 
     └─────────────────────────────────────────────────────────┘           TOTAL CAPACITY UTILIZATION       .36            .40 
         TOTAL CAPACITY UTILIZATION       .24            .21      
 
 
     ┌─────────────────────────────────────────────────────────┐       ┌─────────────────────────────────────────────────────────┐ 
     │   SCVCTM 4.1 2025 with Stage 6a Improvements            │       │   SCVCTM 4.1 2030 with 6b Imp./no Potrero Bridge        │ 
     │                                                         │       │                                                         │ 
     │                             AM PK HOUR     PM PK HOUR   │       │                             AM PK HOUR     PM PK HOUR   │ 
     │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │       │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │ 
     │                                                         │       │                                                         │ 
     │   NBL      2      2880        0    .00       0    .00   │       │   NBL      2      2880       40    .01      30    .01*  │ 
     │   NBT      2      3200        0    .00*      0    .00*  │       │   NBT      2      3200      320    .10*    190    .06   │ 
     │   NBR      1      1600        0    .00       0    .00   │       │   NBR      1      1600      350    .22     340    .21   │ 
     │                                                         │       │                                                         │ 
     │   SBL      2      2880      280    .10*    190    .07*  │       │   SBL      2      2880      310    .11*    180    .06   │ 
     │   SBT      2      3200        0    .00       0    .00   │       │   SBT      2      3200       80    .03     340    .11*  │ 
     │   SBR      f                120            280          │       │   SBR      f                150            420          │ 
     │                                                         │       │                                                         │ 
     │   EBL      2      2880      130    .05*    230    .08*  │       │   EBL      2      2880      220    .08*    280    .10   │ 
     │   EBT      2      3200      690    .22     880    .28   │       │   EBT      2      3200      750    .23     950    .30*  │ 
     │   EBR      1      1600        0    .00       0    .00   │       │   EBR      1      1600       20    .01      80    .05   │ 
     │                                                         │       │                                                         │ 
     │   WBL      1      1600        0    .00       0    .00   │       │   WBL      1      1600       90    .06     280    .18*  │ 
     │   WBT      2      3200      580    .18*    830    .26*  │       │   WBT      2      3200      690    .22*    990    .31   │ 
     │   WBR      1      1600      250    .16     320    .20   │       │   WBR      1      1600      300    .19     310    .19   │ 
     │                                                         │       │                                                         │ 
     │   Clearance Interval               .10*           .10*  │       │   Right Turn Adjustment     NBR    .07*    NBR    .01*  │ 
     └─────────────────────────────────────────────────────────┘       │   Clearance Interval               .10*           .10*  │ 
         TOTAL CAPACITY UTILIZATION       .43            .51           └─────────────────────────────────────────────────────────┘ 
                                                                           TOTAL CAPACITY UTILIZATION       .68            .71 
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         103. Pico Cyn & Valencia                              
                                                                  
     ┌─────────────────────────────────────────────────────────┐       ┌─────────────────────────────────────────────────────────┐ 
     │   SCVCTM 4.1 2018 with Stage 4 Improvements             │       │   SCVCTM 4.1 2022 with Stage 5 Improvements             │ 
     │                                                         │       │                                                         │ 
     │                             AM PK HOUR     PM PK HOUR   │       │                             AM PK HOUR     PM PK HOUR   │ 
     │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │       │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │ 
     │                                                         │       │                                                         │ 
     │   NBL      2      2880        0    .00       0    .00   │       │   NBL      2      2880      150    .05*    380    .13*  │ 
     │   NBT      0         0        0              0          │       │   NBT      0         0        0              0          │ 
     │   NBR      1      1600        0    .00       0    .00   │       │   NBR      1      1600       20    .01      20    .01   │ 
     │                                                         │       │                                                         │ 
     │   SBL      0         0        0              0          │       │   SBL      0         0        0              0          │ 
     │   SBT      0         0        0              0          │       │   SBT      0         0        0              0          │ 
     │   SBR      0         0        0              0          │       │   SBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   EBL      0         0        0              0          │       │   EBL      0         0        0              0          │ 
     │   EBT      2      3200      470    .15     510    .16   │       │   EBT      2      3200     1170    .37*    840    .26   │ 
     │   EBR      1      1600        0    .00       0    .00   │       │   EBR      1      1600      140    .09     270    .17   │ 
     │                                                         │       │                                                         │ 
     │   WBL      1      1600        0    .00       0    .00   │       │   WBL      1      1600       10    .01*     20    .01   │ 
     │   WBT      2      3200      500    .16*    610    .19*  │       │   WBT      2      3200      660    .21    1160    .36*  │ 
     │   WBR      0         0        0              0          │       │   WBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   Clearance Interval               .10*           .10*  │       │   Clearance Interval               .10*           .10*  │ 
     └─────────────────────────────────────────────────────────┘       └─────────────────────────────────────────────────────────┘ 
         TOTAL CAPACITY UTILIZATION       .26            .29               TOTAL CAPACITY UTILIZATION       .53            .59 
 
 
     ┌─────────────────────────────────────────────────────────┐       ┌─────────────────────────────────────────────────────────┐ 
     │   SCVCTM 4.1 2025 with Stage 6a Improvements            │       │   SCVCTM 4.1 2030 with 6b Imp./no Potrero Bridge        │ 
     │                                                         │       │                                                         │ 
     │                             AM PK HOUR     PM PK HOUR   │       │                             AM PK HOUR     PM PK HOUR   │ 
     │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │       │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │ 
     │                                                         │       │                                                         │ 
     │   NBL      2      2880      230    .08*    600    .21*  │       │   NBL      2      2880      260    .09*    670    .23*  │ 
     │   NBT      0         0        0              0          │       │   NBT      0         0        0              0          │ 
     │   NBR      1      1600       20    .01      10    .01   │       │   NBR      1      1600       10    .01      10    .01   │ 
     │                                                         │       │                                                         │ 
     │   SBL      0         0        0              0          │       │   SBL      0         0        0              0          │ 
     │   SBT      0         0        0              0          │       │   SBT      0         0        0              0          │ 
     │   SBR      0         0        0              0          │       │   SBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   EBL      0         0        0              0          │       │   EBL      0         0        0              0          │ 
     │   EBT      2      3200     1400    .44*   1050    .33   │       │   EBT      2      3200     1460    .46*   1060    .33   │ 
     │   EBR      1      1600      260    .16     390    .24   │       │   EBR      1      1600      380    .24     560    .35   │ 
     │                                                         │       │                                                         │ 
     │   WBL      1      1600       10    .01*     20    .01   │       │   WBL      1      1600       10    .01*     20    .01   │ 
     │   WBT      2      3200      760    .24    1370    .43*  │       │   WBT      2      3200      870    .27    1490    .47*  │ 
     │   WBR      0         0        0              0          │       │   WBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   Clearance Interval               .10*           .10*  │       │   Clearance Interval               .10*           .10*  │ 
     └─────────────────────────────────────────────────────────┘       └─────────────────────────────────────────────────────────┘ 
         TOTAL CAPACITY UTILIZATION       .63            .74               TOTAL CAPACITY UTILIZATION       .66            .80 
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         104. Poe & Valencia                                      
                                                                  
     ┌─────────────────────────────────────────────────────────┐       ┌─────────────────────────────────────────────────────────┐ 
     │   SCVCTM 4.1 2012 with Stage 2 Improvements             │       │   SCVCTM 4.1 2014 with Stage 3 Improvements             │ 
     │                                                         │       │                                                         │ 
     │                             AM PK HOUR     PM PK HOUR   │       │                             AM PK HOUR     PM PK HOUR   │ 
     │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │       │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │ 
     │                                                         │       │                                                         │ 
     │   NBL      1      1600        0    .00       0    .00   │       │   NBL      1      1600        0    .00       0    .00   │ 
     │   NBT      0         0        0              0          │       │   NBT      0         0        0              0          │ 
     │   NBR      1      1600      190    .12      20    .01   │       │   NBR      1      1600      200    .13      40    .03   │ 
     │                                                         │       │                                                         │ 
     │   SBL      0         0        0              0          │       │   SBL      0         0        0              0          │ 
     │   SBT      0         0        0              0          │       │   SBT      0         0        0              0          │ 
     │   SBR      0         0        0              0          │       │   SBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   EBL      0         0        0              0          │       │   EBL      0         0        0              0          │ 
     │   EBT      2      3200        0    .00*      0    .00*  │       │   EBT      2      3200        0    .00*      0    .00*  │ 
     │   EBR      1      1600        0    .00       0    .00   │       │   EBR      1      1600        0    .00       0    .00   │ 
     │                                                         │       │                                                         │ 
     │   WBL      1      1600       70    .04*    140    .09*  │       │   WBL      1      1600       70    .04*    150    .09*  │ 
     │   WBT      2      3200        0    .00       0    .00   │       │   WBT      2      3200        0    .00       0    .00   │ 
     │   WBR      0         0        0              0          │       │   WBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   Right Turn Adjustment     NBR    .09*                 │       │   Right Turn Adjustment     NBR    .10*                 │ 
     │   Clearance Interval               .10*           .10*  │       │   Clearance Interval               .10*           .10*  │ 
     └─────────────────────────────────────────────────────────┘       └─────────────────────────────────────────────────────────┘ 
         TOTAL CAPACITY UTILIZATION       .23            .19               TOTAL CAPACITY UTILIZATION       .24            .19 
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         104. Poe & Valencia                                      
                                                                  
     ┌─────────────────────────────────────────────────────────┐       ┌─────────────────────────────────────────────────────────┐ 
     │   SCVCTM 4.1 2018 with Stage 4 Improvements             │       │   SCVCTM 4.1 2022 with Stage 5 Improvements             │ 
     │                                                         │       │                                                         │ 
     │                             AM PK HOUR     PM PK HOUR   │       │                             AM PK HOUR     PM PK HOUR   │ 
     │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │       │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │ 
     │                                                         │       │                                                         │ 
     │   NBL      1      1600      190    .12*    150    .09*  │       │   NBL      1      1600      160    .10*    140    .09*  │ 
     │   NBT      0         0        0              0          │       │   NBT      0         0        0              0          │ 
     │   NBR      1      1600      140    .09      40    .03   │       │   NBR      1      1600      160    .10      60    .04   │ 
     │                                                         │       │                                                         │ 
     │   SBL      0         0        0              0          │       │   SBL      0         0        0              0          │ 
     │   SBT      0         0        0              0          │       │   SBT      0         0        0              0          │ 
     │   SBR      0         0        0              0          │       │   SBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   EBL      0         0        0              0          │       │   EBL      0         0        0              0          │ 
     │   EBT      2      3200      380    .12*    300    .09*  │       │   EBT      2      3200     1070    .33*    680    .21   │ 
     │   EBR      1      1600       90    .06     210    .13   │       │   EBR      1      1600      120    .08     180    .11   │ 
     │                                                         │       │                                                         │ 
     │   WBL      1      1600       60    .04*     80    .05*  │       │   WBL      1      1600       60    .04*     70    .04   │ 
     │   WBT      2      3200      310    .10     460    .14   │       │   WBT      2      3200      500    .16    1040    .33*  │ 
     │   WBR      0         0        0              0          │       │   WBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   Clearance Interval               .10*           .10*  │       │   Clearance Interval               .10*           .10*  │ 
     └─────────────────────────────────────────────────────────┘       └─────────────────────────────────────────────────────────┘ 
         TOTAL CAPACITY UTILIZATION       .38            .33               TOTAL CAPACITY UTILIZATION       .57            .52 
 
 
     ┌─────────────────────────────────────────────────────────┐       ┌─────────────────────────────────────────────────────────┐ 
     │   SCVCTM 4.1 2025 with Stage 6a Improvements            │       │   SCVCTM 4.1 2030 with 6b Imp./no Potrero Bridge        │ 
     │                                                         │       │                                                         │ 
     │                             AM PK HOUR     PM PK HOUR   │       │                             AM PK HOUR     PM PK HOUR   │ 
     │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │       │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │ 
     │                                                         │       │                                                         │ 
     │   NBL      1      1600      180    .11*    170    .11*  │       │   NBL      1      1600      210    .13*    180    .11*  │ 
     │   NBT      0         0        0              0          │       │   NBT      0         0        0              0          │ 
     │   NBR      1      1600      150    .09      60    .04   │       │   NBR      1      1600      150    .09      70    .04   │ 
     │                                                         │       │                                                         │ 
     │   SBL      0         0        0              0          │       │   SBL      0         0        0              0          │ 
     │   SBT      0         0        0              0          │       │   SBT      0         0        0              0          │ 
     │   SBR      0         0        0              0          │       │   SBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   EBL      0         0        0              0          │       │   EBL      0         0        0              0          │ 
     │   EBT      2      3200     1280    .40*    840    .26   │       │   EBT      2      3200     1340    .42*    820    .26   │ 
     │   EBR      1      1600      130    .08     220    .14   │       │   EBR      1      1600      130    .08     250    .16   │ 
     │                                                         │       │                                                         │ 
     │   WBL      1      1600       50    .03*     80    .05   │       │   WBL      1      1600       40    .03*    100    .06   │ 
     │   WBT      2      3200      580    .18    1220    .38*  │       │   WBT      2      3200      670    .21    1330    .42*  │ 
     │   WBR      0         0        0              0          │       │   WBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   Clearance Interval               .10*           .10*  │       │   Clearance Interval               .10*           .10*  │ 
     └─────────────────────────────────────────────────────────┘       └─────────────────────────────────────────────────────────┘ 
         TOTAL CAPACITY UTILIZATION       .64            .59               TOTAL CAPACITY UTILIZATION       .68            .63 
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         105. Westridge & Valencia                                
                                                                  
     ┌─────────────────────────────────────────────────────────┐       ┌─────────────────────────────────────────────────────────┐ 
     │   Existing Count                                        │       │   SCVCTM 4.1 2011 with Stage 1 Improvements             │ 
     │                                                         │       │                                                         │ 
     │                             AM PK HOUR     PM PK HOUR   │       │                             AM PK HOUR     PM PK HOUR   │ 
     │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │       │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │ 
     │                                                         │       │                                                         │ 
     │   NBL      1      1600       36    .02       1    .00   │       │   NBL      1      1600        0    .00       0    .00   │ 
     │   NBT      1      1600        1    .00*      3    .00*  │       │   NBT      1      1600        0    .00       0    .00   │ 
     │   NBR      1      1600       47    .03      30    .02   │       │   NBR      1      1600        0    .00       0    .00   │ 
     │                                                         │       │                                                         │ 
     │   SBL      2      2880      335    .12*    100    .03*  │       │   SBL      2      2880        0    .00       0    .00   │ 
     │   SBT      1      1600        9    .01       2    .00   │       │   SBT      1      1600        0    .00*      0    .00*  │ 
     │   SBR      1      1600       26    .02       0    .00   │       │   SBR      1      1600       20    .01      10    .01   │ 
     │                                                         │       │                                                         │ 
     │   EBL      1      1600        4    .00       2    .00   │       │   EBL      1      1600       20    .01*     10    .01*  │ 
     │   EBT      3      4800      985    .21     209    .04*  │       │   EBT      3      4800      480    .10     280    .06   │ 
     │   EBR      0         0       15              3          │       │   EBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   WBL      1      1600       29    .02      23    .01*  │       │   WBL      1      1600        0    .00       0    .00   │ 
     │   WBT      3      4800     1230    .26*    157    .03   │       │   WBT      3      4800      940    .20*    220    .05*  │ 
     │   WBR      1      1600       61    .04     120    .08   │       │   WBR      1      1600       50    .03     100    .06   │ 
     │                                                         │       │                                                         │ 
     │   Right Turn Adjustment                  Multi    .02*  │       │   Right Turn Adjustment                    WBR    .01*  │ 
     │   Clearance Interval               .10*           .10*  │       │   Clearance Interval               .10*           .10*  │ 
     └─────────────────────────────────────────────────────────┘       └─────────────────────────────────────────────────────────┘ 
         TOTAL CAPACITY UTILIZATION       .48            .20               TOTAL CAPACITY UTILIZATION       .31            .17 
 
 
     ┌─────────────────────────────────────────────────────────┐       ┌─────────────────────────────────────────────────────────┐ 
     │   SCVCTM 4.1 2012 with Stage 2 Improvements             │       │   SCVCTM 4.1 2014 with Stage 3 Improvements             │ 
     │                                                         │       │                                                         │ 
     │                             AM PK HOUR     PM PK HOUR   │       │                             AM PK HOUR     PM PK HOUR   │ 
     │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │       │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │ 
     │                                                         │       │                                                         │ 
     │   NBL      1      1600        0    .00       0    .00   │       │   NBL      1      1600        0    .00       0    .00   │ 
     │   NBT      1      1600        0    .00       0    .00   │       │   NBT      1      1600        0    .00*      0    .00   │ 
     │   NBR      1      1600        0    .00       0    .00   │       │   NBR      1      1600        0    .00       0    .00   │ 
     │                                                         │       │                                                         │ 
     │   SBL      2      2880       10    .00      10    .00   │       │   SBL      2      2880       30    .01*     10    .00   │ 
     │   SBT      1      1600        0    .00*      0    .00*  │       │   SBT      1      1600        0    .00       0    .00*  │ 
     │   SBR      1      1600       60    .04      50    .03   │       │   SBR      1      1600       90    .06      60    .04   │ 
     │                                                         │       │                                                         │ 
     │   EBL      1      1600      110    .07*     30    .02*  │       │   EBL      1      1600      130    .08*     40    .03*  │ 
     │   EBT      3      4800      510    .11     280    .06   │       │   EBT      3      4800      640    .13     360    .08   │ 
     │   EBR      0         0        0              0          │       │   EBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   WBL      1      1600        0    .00       0    .00   │       │   WBL      1      1600        0    .00       0    .00   │ 
     │   WBT      3      4800      860    .18*    310    .06*  │       │   WBT      3      4800      840    .18*    450    .09*  │ 
     │   WBR      1      1600      360    .23     140    .09   │       │   WBR      1      1600      430    .27     260    .16   │ 
     │                                                         │       │                                                         │ 
     │   Right Turn Adjustment     WBR    .05*  Multi    .04*  │       │   Right Turn Adjustment     WBR    .08*  Multi    .09*  │ 
     │   Clearance Interval               .10*           .10*  │       │   Clearance Interval               .10*           .10*  │ 
     └─────────────────────────────────────────────────────────┘       └─────────────────────────────────────────────────────────┘ 
         TOTAL CAPACITY UTILIZATION       .40            .22               TOTAL CAPACITY UTILIZATION       .45            .31 
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         105. Westridge & Valencia                                
                                                                  
     ┌─────────────────────────────────────────────────────────┐       ┌─────────────────────────────────────────────────────────┐ 
     │   SCVCTM 4.1 2018 with Stage 4 Improvements             │       │   SCVCTM 4.1 2022 with Stage 5 Improvements             │ 
     │                                                         │       │                                                         │ 
     │                             AM PK HOUR     PM PK HOUR   │       │                             AM PK HOUR     PM PK HOUR   │ 
     │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │       │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │ 
     │                                                         │       │                                                         │ 
     │   NBL      1      1600        0    .00       0    .00   │       │   NBL      1      1600        0    .00       0    .00   │ 
     │   NBT      1      1600        0    .00*      0    .00*  │       │   NBT      1      1600        0    .00*      0    .00*  │ 
     │   NBR      1      1600        0    .00       0    .00   │       │   NBR      1      1600        0    .00       0    .00   │ 
     │                                                         │       │                                                         │ 
     │   SBL      2      2880       80    .03*     30    .01*  │       │   SBL      2      2880       80    .03*     50    .02*  │ 
     │   SBT      1      1600        0    .00       0    .00   │       │   SBT      1      1600        0    .00       0    .00   │ 
     │   SBR      1      1600       80    .05      50    .03   │       │   SBR      1      1600       90    .06      60    .04   │ 
     │                                                         │       │                                                         │ 
     │   EBL      1      1600      130    .08*     40    .03*  │       │   EBL      1      1600      130    .08      40    .03*  │ 
     │   EBT      3      4800     1370    .29     820    .17   │       │   EBT      3      4800     1990    .41*   1460    .30   │ 
     │   EBR      0         0        0              0          │       │   EBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   WBL      1      1600        0    .00       0    .00   │       │   WBL      1      1600        0    .00       0    .00   │ 
     │   WBT      3      4800     1180    .25*   1260    .26*  │       │   WBT      3      4800     1530    .32    1880    .39*  │ 
     │   WBR      1      1600      270    .17     320    .20   │       │   WBR      1      1600      290    .18     320    .20   │ 
     │                                                         │       │                                                         │ 
     │   Clearance Interval               .10*           .10*  │       │   Clearance Interval               .10*           .10*  │ 
     └─────────────────────────────────────────────────────────┘       └─────────────────────────────────────────────────────────┘ 
         TOTAL CAPACITY UTILIZATION       .46            .40               TOTAL CAPACITY UTILIZATION       .54            .54 
 
 
     ┌─────────────────────────────────────────────────────────┐       ┌─────────────────────────────────────────────────────────┐ 
     │   SCVCTM 4.1 2025 with Stage 6a Improvements            │       │   SCVCTM 4.1 2030 with 6b Imp./no Potrero Bridge        │ 
     │                                                         │       │                                                         │ 
     │                             AM PK HOUR     PM PK HOUR   │       │                             AM PK HOUR     PM PK HOUR   │ 
     │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │       │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │ 
     │                                                         │       │                                                         │ 
     │   NBL      1      1600        0    .00       0    .00   │       │   NBL      1      1600        0    .00       0    .00   │ 
     │   NBT      1      1600        0    .00*      0    .00*  │       │   NBT      1      1600        0    .00*      0    .00*  │ 
     │   NBR      1      1600        0    .00       0    .00   │       │   NBR      1      1600        0    .00       0    .00   │ 
     │                                                         │       │                                                         │ 
     │   SBL      2      2880       60    .02*    100    .03*  │       │   SBL      2      2880       60    .02*    230    .08*  │ 
     │   SBT      1      1600        0    .00       0    .00   │       │   SBT      1      1600        0    .00       0    .00   │ 
     │   SBR      1      1600       90    .06      70    .04   │       │   SBR      1      1600       80    .05      90    .06   │ 
     │                                                         │       │                                                         │ 
     │   EBL      1      1600      140    .09      40    .03*  │       │   EBL      1      1600      140    .09      50    .03*  │ 
     │   EBT      3      4800     2120    .44*   1580    .33   │       │   EBT      3      4800     2130    .44*   1540    .32   │ 
     │   EBR      0         0        0              0          │       │   EBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   WBL      1      1600        0    .00       0    .00   │       │   WBL      1      1600        0    .00       0    .00   │ 
     │   WBT      3      4800     1560    .33    2010    .42*  │       │   WBT      3      4800     1610    .34    2070    .43*  │ 
     │   WBR      1      1600      320    .20     310    .19   │       │   WBR      1      1600      350    .22     300    .19   │ 
     │                                                         │       │                                                         │ 
     │   Clearance Interval               .10*           .10*  │       │   Clearance Interval               .10*           .10*  │ 
     └─────────────────────────────────────────────────────────┘       └─────────────────────────────────────────────────────────┘ 
         TOTAL CAPACITY UTILIZATION       .56            .58               TOTAL CAPACITY UTILIZATION       .56            .64 
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         106. Commerce Center & Magic Mtn                         
                                                                  
     ┌─────────────────────────────────────────────────────────┐       ┌─────────────────────────────────────────────────────────┐ 
     │   SCVCTM 4.1 2011 with Stage 1 Improvements             │       │   SCVCTM 4.1 2012 with Stage 2 Improvements             │ 
     │                                                         │       │                                                         │ 
     │                             AM PK HOUR     PM PK HOUR   │       │                             AM PK HOUR     PM PK HOUR   │ 
     │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │       │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │ 
     │                                                         │       │                                                         │ 
     │   NBL      0         0        0              0          │       │   NBL      0         0        0              0          │ 
     │   NBT      0         0        0              0          │       │   NBT      0         0        0              0          │ 
     │   NBR      0         0        0              0          │       │   NBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   SBL      2      2880        0    .00       0    .00   │       │   SBL      2      2880       70    .02*    270    .09*  │ 
     │   SBT      0         0        0              0          │       │   SBT      0         0        0              0          │ 
     │   SBR      1      1600        0    .00       0    .00   │       │   SBR      1      1600       90    .06      50    .03   │ 
     │                                                         │       │                                                         │ 
     │   EBL      2      2880        0    .00       0    .00   │       │   EBL      2      2880      240    .08*     20    .01*  │ 
     │   EBT      3      4800      420    .09*    650    .14   │       │   EBT      3      4800      440    .09     590    .12   │ 
     │   EBR      0         0        0              0          │       │   EBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   WBL      0         0        0              0          │       │   WBL      0         0        0              0          │ 
     │   WBT      3      4800      360    .08     670    .14*  │       │   WBT      3      4800      340    .07*    600    .13*  │ 
     │   WBR      1      1600        0    .00       0    .00   │       │   WBR      1      1600      810    .51     100    .06   │ 
     │                                                         │       │                                                         │ 
     │   Clearance Interval               .10*           .10*  │       │   Right Turn Adjustment     WBR    .42*                 │ 
     └─────────────────────────────────────────────────────────┘       │   Clearance Interval               .10*           .10*  │ 
         TOTAL CAPACITY UTILIZATION       .19            .24           └─────────────────────────────────────────────────────────┘ 
                                                                           TOTAL CAPACITY UTILIZATION       .69            .33 
 
 
     ┌─────────────────────────────────────────────────────────┐  
     │   SCVCTM 4.1 2014 with Stage 3 Improvements             │  
     │                                                         │  
     │                             AM PK HOUR     PM PK HOUR   │  
     │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │  
     │                                                         │  
     │   NBL      0         0        0              0          │  
     │   NBT      0         0        0              0          │  
     │   NBR      0         0        0              0          │  
     │                                                         │  
     │   SBL      2      2880       80    .03*    460    .16*  │  
     │   SBT      0         0        0              0          │  
     │   SBR      1      1600      100    .06      80    .05   │  
     │                                                         │  
     │   EBL      2      2880      240    .08      10    .00   │  
     │   EBT      3      4800      850    .18*    790    .16   │  
     │   EBR      0         0        0              0          │  
     │                                                         │  
     │   WBL      0         0        0              0          │  
     │   WBT      3      4800      460    .10     990    .21*  │  
     │   WBR      1      1600     1040    .65     140    .09   │  
     │                                                         │  
     │   Right Turn Adjustment     WBR    .53*                 │  
     │   Clearance Interval               .10*           .10*  │  
     └─────────────────────────────────────────────────────────┘  
         TOTAL CAPACITY UTILIZATION       .84            .47      
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         106. Commerce Center & Magic Mtn                         
                                                                  
     ┌─────────────────────────────────────────────────────────┐       ┌─────────────────────────────────────────────────────────┐ 
     │   SCVCTM 4.1 2018 with Stage 4 Improvements             │       │   SCVCTM 4.1 2022 with Stage 5 Improvements             │ 
     │                                                         │       │                                                         │ 
     │                             AM PK HOUR     PM PK HOUR   │       │                             AM PK HOUR     PM PK HOUR   │ 
     │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │       │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │ 
     │                                                         │       │                                                         │ 
     │   NBL      0         0        0              0          │       │   NBL      0         0        0              0          │ 
     │   NBT      0         0        0              0          │       │   NBT      0         0        0              0          │ 
     │   NBR      0         0        0              0          │       │   NBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   SBL      2      2880      280    .10*    500    .17*  │       │   SBL      2      2880      580    .20*    750    .26*  │ 
     │   SBT      0         0        0              0          │       │   SBT      0         0        0              0          │ 
     │   SBR      1      1600      120    .08     200    .13   │       │   SBR      1      1600      160    .10     360    .23   │ 
     │                                                         │       │                                                         │ 
     │   EBL      2      2880      240    .08      40    .01*  │       │   EBL      2      2880      400    .14*    110    .04*  │ 
     │   EBT      3      4800     1260    .26*   1010    .21   │       │   EBT      3      4800     1230    .26    1140    .24   │ 
     │   EBR      0         0        0              0          │       │   EBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   WBL      0         0        0              0          │       │   WBL      0         0        0              0          │ 
     │   WBT      3      4800      580    .12    1330    .28*  │       │   WBT      3      4800      710    .15*   1280    .27*  │ 
     │   WBR      1      1600      920    .58     400    .25   │       │   WBR      f               1110            790          │ 
     │                                                         │       │                                                         │ 
     │   Right Turn Adjustment     WBR    .32*                 │       │   Clearance Interval               .10*           .10*  │ 
     │   Clearance Interval               .10*           .10*  │       └─────────────────────────────────────────────────────────┘ 
     └─────────────────────────────────────────────────────────┘           TOTAL CAPACITY UTILIZATION       .59            .67 
         TOTAL CAPACITY UTILIZATION       .78            .56      
 
 
     ┌─────────────────────────────────────────────────────────┐       ┌─────────────────────────────────────────────────────────┐ 
     │   SCVCTM 4.1 2025 with Stage 6a Improvements            │       │   SCVCTM 4.1 2030 with 6b Imp./no Potrero Bridge        │ 
     │                                                         │       │                                                         │ 
     │                             AM PK HOUR     PM PK HOUR   │       │                             AM PK HOUR     PM PK HOUR   │ 
     │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │       │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │ 
     │                                                         │       │                                                         │ 
     │   NBL      0         0        0              0          │       │   NBL      0         0        0              0          │ 
     │   NBT      0         0        0              0          │       │   NBT      0         0        0              0          │ 
     │   NBR      0         0        0              0          │       │   NBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   SBL      2      2880      700    .24*    900    .31*  │       │   SBL      2      2880      790    .27*   1010    .35*  │ 
     │   SBT      0         0        0              0          │       │   SBT      0         0        0              0          │ 
     │   SBR      1      1600      190    .12     430    .27   │       │   SBR      1      1600      190    .12     520    .33   │ 
     │                                                         │       │                                                         │ 
     │   EBL      2      2880      490    .17*    130    .05*  │       │   EBL      2      2880      610    .21*    150    .05*  │ 
     │   EBT      3      4800     1200    .25    1170    .24   │       │   EBT      3      4800     1090    .23    1220    .25   │ 
     │   EBR      0         0        0              0          │       │   EBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   WBL      0         0        0              0          │       │   WBL      0         0        0              0          │ 
     │   WBT      3      4800      750    .16*   1240    .26*  │       │   WBT      3      4800      760    .16*   1140    .24*  │ 
     │   WBR      f               1280            920          │       │   WBR      f               1360           1140          │ 
     │                                                         │       │                                                         │ 
     │   Clearance Interval               .10*           .10*  │       │   Clearance Interval               .10*           .10*  │ 
     └─────────────────────────────────────────────────────────┘       └─────────────────────────────────────────────────────────┘ 
         TOTAL CAPACITY UTILIZATION       .67            .72               TOTAL CAPACITY UTILIZATION       .74            .74 
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         107. Westridge & Magic Mtn                               
                                                                  
     ┌─────────────────────────────────────────────────────────┐       ┌─────────────────────────────────────────────────────────┐ 
     │   SCVCTM 4.1 2011 with Stage 1 Improvements             │       │   SCVCTM 4.1 2012 with Stage 2 Improvements             │ 
     │                                                         │       │                                                         │ 
     │                             AM PK HOUR     PM PK HOUR   │       │                             AM PK HOUR     PM PK HOUR   │ 
     │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │       │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │ 
     │                                                         │       │                                                         │ 
     │   NBL      1.5               80    .03*    110    .03*  │       │   NBL      1.5              540    .17*    180    .06*  │ 
     │   NBT      0      4800        0              0          │       │   NBT      0      4800        0              0          │ 
     │   NBR      1.5               10    .01      10    .01   │       │   NBR      1.5               10             10    .01   │ 
     │                                                         │       │                                                         │ 
     │   SBL      0         0        0              0          │       │   SBL      0         0        0              0          │ 
     │   SBT      0         0        0              0          │       │   SBT      0         0        0              0          │ 
     │   SBR      0         0        0              0          │       │   SBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   EBL      0         0        0              0          │       │   EBL      0         0        0              0          │ 
     │   EBT      3      4800      400    .08*    640    .13*  │       │   EBT      3      4800      430    .09     760    .16*  │ 
     │   EBR      1      1600       20    .01      10    .01   │       │   EBR      1      1600       80    .05     100    .06   │ 
     │                                                         │       │                                                         │ 
     │   WBL      2      2880        0    .00      10    .00   │       │   WBL      2      2880        0    .00      10    .00   │ 
     │   WBT      3      4800      280    .06     560    .12   │       │   WBT      3      4800      610    .13*    530    .11   │ 
     │   WBR      0         0        0              0          │       │   WBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   Clearance Interval               .10*           .10*  │       │   Clearance Interval               .10*           .10*  │ 
     │   Note: Assumes Right-Turn Overlap for EBR              │       │   Note: Assumes Right-Turn Overlap for EBR              │ 
     └─────────────────────────────────────────────────────────┘       └─────────────────────────────────────────────────────────┘ 
         TOTAL CAPACITY UTILIZATION       .21            .26               TOTAL CAPACITY UTILIZATION       .40            .32 
 
 
     ┌─────────────────────────────────────────────────────────┐  
     │   SCVCTM 4.1 2014 with Stage 3 Improvements             │  
     │                                                         │  
     │                             AM PK HOUR     PM PK HOUR   │  
     │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │  
     │                                                         │  
     │   NBL      1.5              670    .21*    320    .10*  │  
     │   NBT      0      4800        0              0          │  
     │   NBR      1.5               20    .01      10          │  
     │                                                         │  
     │   SBL      0         0        0              0          │  
     │   SBT      0         0        0              0          │  
     │   SBR      0         0        0              0          │  
     │                                                         │  
     │   EBL      0         0        0              0          │  
     │   EBT      3      4800      800    .17    1100    .23*  │  
     │   EBR      1      1600      140    .09     150    .09   │  
     │                                                         │  
     │   WBL      2      2880       10    .00      20    .01*  │  
     │   WBT      3      4800      830    .17*    800    .17   │  
     │   WBR      0         0        0              0          │  
     │                                                         │  
     │   Clearance Interval               .10*           .10*  │  
     │   Note: Assumes Right-Turn Overlap for EBR              │  
     └─────────────────────────────────────────────────────────┘  
         TOTAL CAPACITY UTILIZATION       .48            .44      
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         107. Westridge & Magic Mtn                               
                                                                  
     ┌─────────────────────────────────────────────────────────┐       ┌─────────────────────────────────────────────────────────┐ 
     │   SCVCTM 4.1 2018 with Stage 4 Improvements             │       │   SCVCTM 4.1 2022 with Stage 5 Improvements             │ 
     │                                                         │       │                                                         │ 
     │                             AM PK HOUR     PM PK HOUR   │       │                             AM PK HOUR     PM PK HOUR   │ 
     │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │       │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │ 
     │                                                         │       │                                                         │ 
     │   NBL      1.5              500    .16*    340    .11*  │       │   NBL      1.5              570    .18*    370    .12*  │ 
     │   NBT      0      4800        0              0          │       │   NBT      0      4800        0              0          │ 
     │   NBR      1.5              100    .06      40          │       │   NBR      1.5              180    .11     100    .06   │ 
     │                                                         │       │                                                         │ 
     │   SBL      0         0        0              0          │       │   SBL      0         0        0              0          │ 
     │   SBT      0         0        0              0          │       │   SBT      0         0        0              0          │ 
     │   SBR      0         0        0              0          │       │   SBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   EBL      0         0        0              0          │       │   EBL      0         0        0              0          │ 
     │   EBT      3      4800     1380    .29*   1380    .29*  │       │   EBT      3      4800     1630    .34*   1700    .35*  │ 
     │   EBR      1      1600      160    .10     130    .08   │       │   EBR      1      1600      180    .11     190    .12   │ 
     │                                                         │       │                                                         │ 
     │   WBL      2      2880       20    .01*     90    .03*  │       │   WBL      2      2880       30    .01*    180    .06*  │ 
     │   WBT      3      4800      990    .21    1380    .29   │       │   WBT      3      4800     1250    .26    1700    .35   │ 
     │   WBR      0         0        0              0          │       │   WBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   Clearance Interval               .10*           .10*  │       │   Clearance Interval               .10*           .10*  │ 
     │   Note: Assumes Right-Turn Overlap for EBR              │       │   Note: Assumes Right-Turn Overlap for EBR              │ 
     └─────────────────────────────────────────────────────────┘       └─────────────────────────────────────────────────────────┘ 
         TOTAL CAPACITY UTILIZATION       .56            .53               TOTAL CAPACITY UTILIZATION       .63            .63 
 
 
     ┌─────────────────────────────────────────────────────────┐       ┌─────────────────────────────────────────────────────────┐ 
     │   SCVCTM 4.1 2025 with Stage 6a Improvements            │       │   SCVCTM 4.1 2030 with 6b Imp./no Potrero Bridge        │ 
     │                                                         │       │                                                         │ 
     │                             AM PK HOUR     PM PK HOUR   │       │                             AM PK HOUR     PM PK HOUR   │ 
     │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │       │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │ 
     │                                                         │       │                                                         │ 
     │   NBL      1.5              610    .19*    370    .12*  │       │   NBL      1.5              650    .20*    380    .12*  │ 
     │   NBT      0      4800        0              0          │       │   NBT      0      4800        0              0          │ 
     │   NBR      1.5              200    .13     110    .07   │       │   NBR      1.5              210    .13     120    .08   │ 
     │                                                         │       │                                                         │ 
     │   SBL      0         0        0              0          │       │   SBL      0         0        0              0          │ 
     │   SBT      0         0        0              0          │       │   SBT      0         0        0              0          │ 
     │   SBR      0         0        0              0          │       │   SBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   EBL      0         0        0              0          │       │   EBL      0         0        0              0          │ 
     │   EBT      3      4800     1740    .36*   1810    .38*  │       │   EBT      3      4800     1730    .36*   1800    .38*  │ 
     │   EBR      1      1600      160    .10     260    .16   │       │   EBR      1      1600      150    .09     430    .27   │ 
     │                                                         │       │                                                         │ 
     │   WBL      2      2880       30    .01*    200    .07*  │       │   WBL      2      2880       30    .01*    210    .07*  │ 
     │   WBT      3      4800     1420    .30    1790    .37   │       │   WBT      3      4800     1460    .30    1910    .40   │ 
     │   WBR      0         0        0              0          │       │   WBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   Clearance Interval               .10*           .10*  │       │   Clearance Interval               .10*           .10*  │ 
     │   Note: Assumes Right-Turn Overlap for EBR              │       │   Note: Assumes Right-Turn Overlap for EBR              │ 
     └─────────────────────────────────────────────────────────┘       └─────────────────────────────────────────────────────────┘ 
         TOTAL CAPACITY UTILIZATION       .66            .67               TOTAL CAPACITY UTILIZATION       .67            .67 



 

Westside Santa Clarita Valley B-67 Austin-Foust Associates, Inc. 
Roadway Phasing Analysis  105345rptAppxB.doc 

         110. Chiquito Cyn & SR-126                               
                                                                  
     ┌─────────────────────────────────────────────────────────┐       ┌─────────────────────────────────────────────────────────┐ 
     │   Existing Count                                        │       │   SCVCTM 4.1 2011 with Stage 1 Improvements             │ 
     │                                                         │       │                                                         │ 
     │                             AM PK HOUR     PM PK HOUR   │       │                             AM PK HOUR     PM PK HOUR   │ 
     │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │       │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │ 
     │                                                         │       │                                                         │ 
     │   NBL      0         0        0              0          │       │   NBL      1      1600       30    .02*     70    .04*  │ 
     │   NBT      1      1600        0    .00*      0    .00*  │       │   NBT      2      3200       20    .01      80    .03   │ 
     │   NBR      0         0        1              0          │       │   NBR      2      3200      270    .08     480    .15   │ 
     │                                                         │       │                                                         │ 
     │   SBL      1      1600       72    .05*     31    .02*  │       │   SBL      2      2880       70    .02      50    .02   │ 
     │   SBT      0         0        0              0          │       │   SBT      2      3200       60    .03*     40    .02*  │ 
     │   SBR      1      1600       12    .01      14    .01   │       │   SBR      0         0       30             20          │ 
     │                                                         │       │                                                         │ 
     │   EBL      1      1600        4    .00      21    .01   │       │   EBL      1      1600       20    .01      30    .02   │ 
     │   EBT      2      3200      592    .19    1035    .32*  │       │   EBT      2      3200      780    .24*    940    .29*  │ 
     │   EBR      0         0        1              1          │       │   EBR      1      1600       80    .05      50    .03   │ 
     │                                                         │       │                                                         │ 
     │   WBL      0         0        0              1          │       │   WBL      2      2880      500    .17*    280    .10*  │ 
     │   WBT      2      3200      737    .23*    770    .24   │       │   WBT      2      3200      680    .21    1000    .31   │ 
     │   WBR      1      1600       25    .02      52    .03   │       │   WBR      1      1600       20    .01      90    .06   │ 
     │                                                         │       │                                                         │ 
     │   Clearance Interval               .10*           .10*  │       │   Right Turn Adjustment                    NBR    .03*  │ 
     └─────────────────────────────────────────────────────────┘       │   Clearance Interval               .10*           .10*  │ 
         TOTAL CAPACITY UTILIZATION       .38            .44           └─────────────────────────────────────────────────────────┘ 
                                                                           TOTAL CAPACITY UTILIZATION       .56            .58 
 
 
     ┌─────────────────────────────────────────────────────────┐       ┌─────────────────────────────────────────────────────────┐ 
     │   SCVCTM 4.1 2012 with Stage 2 Improvements             │       │   SCVCTM 4.1 2014 with Stage 3 Improvements             │ 
     │                                                         │       │                                                         │ 
     │                             AM PK HOUR     PM PK HOUR   │       │                             AM PK HOUR     PM PK HOUR   │ 
     │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │       │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │ 
     │                                                         │       │                                                         │ 
     │   NBL      1      1600       30    .02*     70    .04*  │       │   NBL      1      1600       40    .03*     80    .05*  │ 
     │   NBT      2      3200       20    .01      80    .03   │       │   NBT      2      3200       30    .01      70    .02   │ 
     │   NBR      2      3200      270    .08     490    .15   │       │   NBR      2      3200      350    .11     490    .15   │ 
     │                                                         │       │                                                         │ 
     │   SBL      2      2880       70    .02      50    .02   │       │   SBL      2      2880       70    .02      50    .02   │ 
     │   SBT      2      3200       60    .03*     40    .02*  │       │   SBT      2      3200       50    .03*     40    .02*  │ 
     │   SBR      0         0       30             20          │       │   SBR      0         0       30             20          │ 
     │                                                         │       │                                                         │ 
     │   EBL      1      1600       20    .01      40    .03   │       │   EBL      1      1600       20    .01      30    .02   │ 
     │   EBT      2      3200      800    .25*    940    .29*  │       │   EBT      2      3200      800    .25*    940    .29*  │ 
     │   EBR      1      1600       80    .05      40    .03   │       │   EBR      1      1600       70    .04      50    .03   │ 
     │                                                         │       │                                                         │ 
     │   WBL      2      2880      510    .18*    290    .10*  │       │   WBL      2      2880      480    .17*    280    .10*  │ 
     │   WBT      2      3200      720    .23    1030    .32   │       │   WBT      2      3200      700    .22    1020    .32   │ 
     │   WBR      1      1600       20    .01      90    .06   │       │   WBR      1      1600       20    .01      90    .06   │ 
     │                                                         │       │                                                         │ 
     │   Right Turn Adjustment                    NBR    .03*  │       │   Right Turn Adjustment                    NBR    .02*  │ 
     │   Clearance Interval               .10*           .10*  │       │   Clearance Interval               .10*           .10*  │ 
     └─────────────────────────────────────────────────────────┘       └─────────────────────────────────────────────────────────┘ 
         TOTAL CAPACITY UTILIZATION       .58            .58               TOTAL CAPACITY UTILIZATION       .58            .58 



 

Westside Santa Clarita Valley B-68 Austin-Foust Associates, Inc. 
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         110. Chiquito Cyn & SR-126                               
                                                                  
     ┌─────────────────────────────────────────────────────────┐       ┌─────────────────────────────────────────────────────────┐ 
     │   SCVCTM 4.1 2018 with Stage 4 Improvements             │       │   SCVCTM 4.1 2022 with Stage 5 Improvements             │ 
     │                                                         │       │                                                         │ 
     │                             AM PK HOUR     PM PK HOUR   │       │                             AM PK HOUR     PM PK HOUR   │ 
     │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │       │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │ 
     │                                                         │       │                                                         │ 
     │   NBL      1      1600      140    .09*    110    .07*  │       │   NBL      2      2880      190    .07     170    .06   │ 
     │   NBT      2      3200       40    .01      80    .03   │       │   NBT      2      3200       80    .03*    180    .06*  │ 
     │   NBR      2      3200      560    .18     390    .12   │       │   NBR      2      3200     1190    .37     560    .18   │ 
     │                                                         │       │                                                         │ 
     │   SBL      2      2880       80    .03      50    .02   │       │   SBL      2      2880      220    .08*    120    .04*  │ 
     │   SBT      2      3200       60    .03*     70    .03*  │       │   SBT      3      4800      130    .03     160    .03   │ 
     │   SBR      0         0       30             20          │       │   SBR      1      1600       30    .02      20    .01   │ 
     │                                                         │       │                                                         │ 
     │   EBL      1      1600       20    .01      30    .02   │       │   EBL      2      2880       20    .01      40    .01   │ 
     │   EBT      2      3200      820    .26*    910    .28*  │       │   EBT      4      6400      880    .14*    930    .15*  │ 
     │   EBR      1      1600      100    .06     130    .08   │       │   EBR      1      1600      160    .10     200    .13   │ 
     │                                                         │       │                                                         │ 
     │   WBL      2      2880      260    .09*    320    .11*  │       │   WBL      2      2880      330    .11*    800    .28*  │ 
     │   WBT      2      3200      660    .21    1060    .33   │       │   WBT      3      4800      700    .15    1110    .23   │ 
     │   WBR      1      1600       20    .01     100    .06   │       │   WBR      1      1600       60    .04     240    .15   │ 
     │                                                         │       │                                                         │ 
     │   Right Turn Adjustment     NBR    .02*                 │       │   Right Turn Adjustment     NBR    .23*                 │ 
     │   Clearance Interval               .10*           .10*  │       │   Clearance Interval               .10*           .10*  │ 
     └─────────────────────────────────────────────────────────┘       │   Note: Assumes Right-Turn Overlap for NBR              │ 
         TOTAL CAPACITY UTILIZATION       .59            .59           └─────────────────────────────────────────────────────────┘ 
                                                                           TOTAL CAPACITY UTILIZATION       .69            .63 
 
 
     ┌─────────────────────────────────────────────────────────┐        
     │   SCVCTM 4.1 2025 with Stage 6a Improvements            │           SCVCTM 4.1 2030 with 6b Imp./no Potrero Bridge         
     │                                                         │           (See HCM delay worksheets on following pages) 
     │                             AM PK HOUR     PM PK HOUR   │        
     │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │        
     │                                                         │        
     │   NBL      2      2880      220    .08     280    .10   │        
     │   NBT      2      3200      320    .10*    340    .11*  │        
     │   NBR      2      3200     1420    .44     640    .20   │        
     │                                                         │        
     │   SBL      2      2880      460    .16*    520    .18*  │        
     │   SBT      3      4800      250    .05     420    .09   │        
     │   SBR      1      1600       40    .03      60    .04   │        
     │                                                         │        
     │   EBL      2      2880       60    .02      50    .02   │        
     │   EBT      4      6400     1100    .17*   1030    .16*  │        
     │   EBR      1      1600      250    .16     280    .18   │        
     │                                                         │        
     │   WBL      2      2880      390    .14*   1000    .35*  │        
     │   WBT      3      4800      760    .16    1350    .28   │        
     │   WBR      1      1600      430    .27     560    .35   │        
     │                                                         │        
     │   Right Turn Adjustment     NBR    .20*                 │        
     │   Clearance Interval               .10*           .10*  │        
     │   Note: Assumes Right-Turn Overlap for NBR              │        
     └─────────────────────────────────────────────────────────┘        
         TOTAL CAPACITY UTILIZATION       .87            .90             



Timings AM Peak Hour
3: SR-126 & Chiquito Canyon 2030 without Potrero Bridge

Synchro 6 Report                                                          B-69 Austin-Foust Associates, Inc.
5/11/2006 \\Isl\projects\100\105.345\Vols\ChiquitoLong&SR-126-2030AM(without Bridge).sy7

Lane Group EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 120 1250 330 440 790 780 260 560 1640 510 290 50
Turn Type Prot pm+ov Prot pm+ov Prot pm+ov Prot pm+ov
Protected Phases 7 4 5 3 8 1 5 2 3 1 6 7
Permitted Phases 4 8 2 6
Detector Phases 7 4 5 3 8 1 5 2 3 1 6 7
Minimum Initial (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Minimum Split (s) 8.0 20.0 8.0 8.0 20.0 8.0 8.0 20.0 8.0 8.0 20.0 8.0
Total Split (s) 12.0 25.0 21.0 40.0 53.0 22.0 21.0 23.0 40.0 22.0 24.0 12.0
Total Split (%) 10.9% 22.7% 19.1% 36.4% 48.2% 20.0% 19.1% 20.9% 36.4% 20.0% 21.8% 10.9%
Yellow Time (s) 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5
All-Red Time (s) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Lead/Lag Lead Lag Lead Lead Lag Lead Lead Lag Lead Lead Lag Lead
Lead-Lag Optimize? Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Recall Mode None None None None None None None Max None None Max None
Act Effct Green (s) 7.7 21.0 38.7 36.0 49.3 71.3 13.7 19.0 59.0 18.0 23.3 35.0
Actuated g/C Ratio 0.07 0.19 0.35 0.33 0.45 0.65 0.12 0.17 0.54 0.16 0.21 0.32
v/c Ratio 0.50 1.02 0.50 0.39 0.35 0.75 0.61 0.92 1.09 0.91 0.27 0.09
Control Delay 56.6 75.6 15.5 29.8 20.5 18.1 51.5 66.1 79.1 66.7 37.7 8.5
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 56.6 75.6 15.5 29.8 20.5 18.1 51.5 66.1 79.1 66.7 37.7 8.5
LOS E E B C C B D E E E D A
Approach Delay 62.6 21.6 73.2 53.4
Approach LOS E C E D

Intersection Summary
Cycle Length: 110
Actuated Cycle Length: 110
Natural Cycle: 110
Control Type: Actuated-Uncoordinated
Maximum v/c Ratio: 1.09
Intersection Signal Delay: 53.5 Intersection LOS: D
Analysis Period (min) 15

Splits and Phases:     3: SR-126 & Chiquito Canyon



Timings PM Peak Hour
3: SR-126 & Chiquito Canyon 2030 without Potrero Bridge

Synchro 6 Report                                                          B-70 Austin-Foust Associates, Inc.
5/11/2006 \\Isl\projects\100\105.345\Vols\ChiquitoLong&SR-126-2030PM(without Bridge).sy7

Lane Group EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 70 1080 360 1220 1530 620 400 380 740 820 620 110
Turn Type Prot pm+ov Prot pm+ov Prot pm+ov Prot pm+ov
Protected Phases 7 4 5 3 8 1 5 2 3 1 6 7
Permitted Phases 4 8 2 6
Detector Phases 7 4 5 3 8 1 5 2 3 1 6 7
Minimum Initial (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Minimum Split (s) 8.0 20.0 8.0 8.0 20.0 8.0 8.0 20.0 8.0 8.0 20.0 8.0
Total Split (s) 10.0 25.0 28.0 49.0 64.0 35.0 28.0 21.0 49.0 35.0 28.0 10.0
Total Split (%) 7.7% 19.2% 21.5% 37.7% 49.2% 26.9% 21.5% 16.2% 37.7% 26.9% 21.5% 7.7%
Yellow Time (s) 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5
All-Red Time (s) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Lead/Lag Lead Lag Lead Lead Lag Lead Lead Lag Lead Lead Lag Lead
Lead-Lag Optimize? Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Recall Mode None None None None None None None Max None None Max None
Act Effct Green (s) 6.0 21.0 45.6 45.0 60.0 95.0 20.6 17.0 66.0 31.0 27.4 37.4
Actuated g/C Ratio 0.05 0.16 0.35 0.35 0.46 0.73 0.16 0.13 0.51 0.24 0.21 0.29
v/c Ratio 0.44 1.04 0.64 1.03 0.65 0.53 0.74 0.82 0.52 1.00 0.58 0.23
Control Delay 69.5 92.3 40.0 75.0 28.6 8.8 60.4 70.3 22.7 81.1 49.2 29.4
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 69.5 92.3 40.0 75.0 28.6 8.8 60.4 70.3 22.7 81.1 49.2 29.4
LOS E F D E C A E E C F D C
Approach Delay 78.8 41.8 44.5 64.7
Approach LOS E D D E

Intersection Summary
Cycle Length: 130
Actuated Cycle Length: 130
Natural Cycle: 130
Control Type: Actuated-Uncoordinated
Maximum v/c Ratio: 1.04
Intersection Signal Delay: 53.8 Intersection LOS: D
Analysis Period (min) 15

Splits and Phases:     3: SR-126 & Chiquito Canyon



 

Westside Santa Clarita Valley B-69 Austin-Foust Associates, Inc. 
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         118. Six Flags & Magic Mtn                               
                                                                  
     ┌─────────────────────────────────────────────────────────┐       ┌─────────────────────────────────────────────────────────┐ 
     │   SCVCTM 4.1 2011 with Stage 1 Improvements             │       │   SCVCTM 4.1 2012 with Stage 2 Improvements             │ 
     │                                                         │       │                                                         │ 
     │                             AM PK HOUR     PM PK HOUR   │       │                             AM PK HOUR     PM PK HOUR   │ 
     │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │       │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │ 
     │                                                         │       │                                                         │ 
     │   NBL      0         0        0              0          │       │   NBL      0         0        0              0          │ 
     │   NBT      0         0        0              0          │       │   NBT      0         0        0              0          │ 
     │   NBR      0         0        0              0          │       │   NBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   SBL      3      4320      390    .09*   1200    .28*  │       │   SBL      3      4320      370    .09*   1140    .26*  │ 
     │   SBT      0         0        0              0          │       │   SBT      0         0        0              0          │ 
     │   SBR      1      1600       10    .01      50    .03   │       │   SBR      1      1600       40    .03     110    .07   │ 
     │                                                         │       │                                                         │ 
     │   EBL      2      2880       20    .01      40    .01   │       │   EBL      2      2880       50    .02*     90    .03   │ 
     │   EBT      4      6400      380    .06*    590    .09*  │       │   EBT      4      6400      380    .06     630    .10*  │ 
     │   EBR      0         0        0              0          │       │   EBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   WBL      0         0        0              0          │       │   WBL      0         0        0              0          │ 
     │   WBT      4      6400      270    .04     520    .08   │       │   WBT      4      6400      540    .08*    410    .06   │ 
     │   WBR      f                620            780          │       │   WBR      f                600            730          │ 
     │                                                         │       │                                                         │ 
     │   Clearance Interval               .10*           .10*  │       │   Clearance Interval               .10*           .10*  │ 
     └─────────────────────────────────────────────────────────┘       └─────────────────────────────────────────────────────────┘ 
         TOTAL CAPACITY UTILIZATION       .25            .47               TOTAL CAPACITY UTILIZATION       .29            .46 
 
 
     ┌─────────────────────────────────────────────────────────┐  
     │   SCVCTM 4.1 2014 with Stage 3 Improvements             │  
     │                                                         │  
     │                             AM PK HOUR     PM PK HOUR   │  
     │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │  
     │                                                         │  
     │   NBL      0         0        0              0          │  
     │   NBT      0         0        0              0          │  
     │   NBR      0         0        0              0          │  
     │                                                         │  
     │   SBL      3      4320      370    .09*   1110    .26*  │  
     │   SBT      0         0        0              0          │  
     │   SBR      1      1600       40    .03     140    .09   │  
     │                                                         │  
     │   EBL      2      2880       70    .02*    100    .03   │  
     │   EBT      4      6400      720    .11     890    .14*  │  
     │   EBR      0         0        0              0          │  
     │                                                         │  
     │   WBL      0         0        0              0          │  
     │   WBT      4      6400      690    .11*    640    .10   │  
     │   WBR      f                580            700          │  
     │                                                         │  
     │   Clearance Interval               .10*           .10*  │  
     └─────────────────────────────────────────────────────────┘  
         TOTAL CAPACITY UTILIZATION       .32            .50      
 
 
 
 



 

Westside Santa Clarita Valley B-70 Austin-Foust Associates, Inc. 
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         118. Six Flags & Magic Mtn                               
                                                                  
     ┌─────────────────────────────────────────────────────────┐       ┌─────────────────────────────────────────────────────────┐ 
     │   SCVCTM 4.1 2018 with Stage 4 Improvements             │       │   SCVCTM 4.1 2022 with Stage 5 Improvements             │ 
     │                                                         │       │                                                         │ 
     │                             AM PK HOUR     PM PK HOUR   │       │                             AM PK HOUR     PM PK HOUR   │ 
     │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │       │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │ 
     │                                                         │       │                                                         │ 
     │   NBL      0         0        0              0          │       │   NBL      0         0        0              0          │ 
     │   NBT      0         0        0              0          │       │   NBT      0         0        0              0          │ 
     │   NBR      0         0        0              0          │       │   NBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   SBL      3      4320      360    .08*   1060    .25*  │       │   SBL      3      4320      330    .08*   1000    .23*  │ 
     │   SBT      0         0        0              0          │       │   SBT      0         0        0              0          │ 
     │   SBR      1      1600       50    .03     200    .13   │       │   SBR      1      1600       80    .05     260    .16   │ 
     │                                                         │       │                                                         │ 
     │   EBL      2      2880      100    .03     140    .05*  │       │   EBL      2      2880      130    .05     180    .06*  │ 
     │   EBT      4      6400     1350    .21*   1140    .18   │       │   EBT      4      6400     1640    .26*   1590    .25   │ 
     │   EBR      0         0        0              0          │       │   EBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   WBL      0         0        0              0          │       │   WBL      0         0        0              0          │ 
     │   WBT      4      6400      800    .13    1200    .19*  │       │   WBT      4      6400     1080    .17    1640    .26*  │ 
     │   WBR      f                560            660          │       │   WBR      f                530            640          │ 
     │                                                         │       │                                                         │ 
     │   Clearance Interval               .10*           .10*  │       │   Clearance Interval               .10*           .10*  │ 
     └─────────────────────────────────────────────────────────┘       └─────────────────────────────────────────────────────────┘ 
         TOTAL CAPACITY UTILIZATION       .39            .59               TOTAL CAPACITY UTILIZATION       .44            .65 
 
 
     ┌─────────────────────────────────────────────────────────┐       ┌─────────────────────────────────────────────────────────┐ 
     │   SCVCTM 4.1 2025 with Stage 6a Improvements            │       │   SCVCTM 4.1 2030 with 6b Imp./no Potrero Bridge        │ 
     │                                                         │       │                                                         │ 
     │                             AM PK HOUR     PM PK HOUR   │       │                             AM PK HOUR     PM PK HOUR   │ 
     │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │       │          LANES  CAPACITY    VOL    V/C     VOL    V/C   │ 
     │                                                         │       │                                                         │ 
     │   NBL      0         0        0              0          │       │   NBL      0         0        0              0          │ 
     │   NBT      0         0        0              0          │       │   NBT      0         0        0              0          │ 
     │   NBR      0         0        0              0          │       │   NBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   SBL      3      4320      320    .07*    980    .23*  │       │   SBL      3      4320      360    .08*   1180    .27*  │ 
     │   SBT      0         0        0              0          │       │   SBT      0         0        0              0          │ 
     │   SBR      1      1600       90    .06     280    .18   │       │   SBR      1      1600      100    .06     330    .21   │ 
     │                                                         │       │                                                         │ 
     │   EBL      2      2880      150    .05     180    .06*  │       │   EBL      2      2880      160    .06     220    .08*  │ 
     │   EBT      4      6400     1750    .27*   1810    .28   │       │   EBT      4      6400     1740    .27*   1760    .28   │ 
     │   EBR      0         0        0              0          │       │   EBR      0         0        0              0          │ 
     │                                                         │       │                                                         │ 
     │   WBL      0         0        0              0          │       │   WBL      0         0        0              0          │ 
     │   WBT      4      6400     1270    .20    1810    .28*  │       │   WBT      4      6400     1290    .20    1880    .29*  │ 
     │   WBR      f                510            620          │       │   WBR      f                560            810          │ 
     │                                                         │       │                                                         │ 
     │   Clearance Interval               .10*           .10*  │       │   Clearance Interval               .10*           .10*  │ 
     └─────────────────────────────────────────────────────────┘       └─────────────────────────────────────────────────────────┘ 

         TOTAL CAPACITY UTILIZATION       .44            .67               TOTAL CAPACITY UTILIZATION       .45            .74 
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APPENDIX C 

I-5 FREEWAY MAINLINE V/C CALCULATIONS 



V/C Calculations
AM Peak Hour -  Northbound

Total Mixed-Flow Lanes HOV Lanes Truck Lanes
Location Vol Lanes Cap/Ln Vol V/C Lanes Cap/Ln Vol V/C Lanes Cap/Ln Vol V/C
2006
403. I-5 s/o Parker 1,570 4 1,800 1,570 0.22 - - - - - - - -
404. I-5 s/o Hasley 2,170 4 1,950 2,170 0.28 - - - - - - - -
405. I-5 s/o SR-126 3,340 4 1,950 3,340 0.43 - - - - - - - -
406. I-5 s/o Rye Cyn 3,340 4 1,950 3,340 0.43 - - - - - - - -
407. I-5 s/o Magic Mtn 4,490 4 1,950 4,490 0.58 - - - - - - - -
408. I-5 s/o Valencia 5,430 4 1,950 5,430 0.70 - - - - - - - -
409. I-5 s/o McBean 5,560 4 1,950 5,560 0.71 - - - - - - - -
410. I-5 s/o Lyons 5,620 4 1,950 5,620 0.72 - - - - - - - -
411. I-5 s/o Calgrove 5,600 4 1,900 5,600 0.74 - - - - - - - -
412. I-5 s/o SR-14 7,390 6 2,000 6,651 0.55 - - - - 2 1,300 739 0.28
2011
403. I-5 s/o Parker 2,989 4 1,800 2,989 0.42 - - - - - - - -
404. I-5 s/o Hasley 4,688 4 1,950 4,688 0.60 - - - - - - - -
405. I-5 s/o SR-126 5,934 4 1,950 5,934 0.76 - - - - - - - -
406. I-5 s/o Rye Cyn 5,934 4 1,950 5,934 0.76 - - - - - - - -
407. I-5 s/o Magic Mtn 6,248 4 1,950 6,248 0.80 - - - - - - - -
408. I-5 s/o Valencia 6,865 4 1,950 6,865 0.88 - - - - - - - -
409. I-5 s/o McBean 6,619 4 1,950 6,619 0.85 - - - - - - - -
410. I-5 s/o Lyons 6,272 4 1,950 6,272 0.80 - - - - - - - -
411. I-5 s/o Calgrove 5,953 4 1,900 5,358 0.70 1 2,000 595 0.30 - - - -
412. I-5 s/o SR-14 8,006 6 2,000 6,325 0.53 1 2,000 801 0.40 2 1,300 881 0.34
2012
403. I-5 s/o Parker 3,000 4 1,800 3,000 0.42 - - - - - - - -
404. I-5 s/o Hasley 4,558 4 1,950 4,558 0.58 - - - - - - - -
405. I-5 s/o SR-126 5,452 4 1,950 5,452 0.70 - - - - - - - -
406. I-5 s/o Rye Cyn 5,452 4 1,950 5,452 0.70 - - - - - - - -
407. I-5 s/o Magic Mtn 6,088 4 1,950 6,088 0.78 - - - - - - - -
408. I-5 s/o Valencia 6,803 4 1,950 6,803 0.87 - - - - - - - -
409. I-5 s/o McBean 6,757 4 1,950 6,757 0.87 - - - - - - - -
410. I-5 s/o Lyons 6,402 4 1,950 6,402 0.82 - - - - - - - -
411. I-5 s/o Calgrove 6,023 4 1,900 5,421 0.71 1 2,000 602 0.30 - - - -
412. I-5 s/o SR-14 8,006 6 2,000 6,325 0.53 1 2,000 801 0.40 2 1,300 881 0.34
2014
403. I-5 s/o Parker 3,043 4 1,800 3,043 0.42 - - - - - - - -
404. I-5 s/o Hasley 4,669 4 1,950 4,669 0.60 - - - - - - - -
405. I-5 s/o SR-126 5,552 4 1,950 5,552 0.71 - - - - - - - -
406. I-5 s/o Rye Cyn 5,552 4 1,950 5,552 0.71 - - - - - - - -
407. I-5 s/o Magic Mtn 6,174 4 1,950 6,174 0.79 - - - - - - - -
408. I-5 s/o Valencia 6,866 4 1,950 6,866 0.88 - - - - - - - -
409. I-5 s/o McBean 6,803 4 1,950 6,803 0.87 - - - - - - - -
410. I-5 s/o Lyons 6,451 4 1,950 6,451 0.83 - - - - - - - -
411. I-5 s/o Calgrove 6,073 4 1,900 5,466 0.72 1 2,000 607 0.30 - - - -
412. I-5 s/o SR-14 8,093 6 2,000 6,393 0.53 1 2,000 809 0.40 2 1,300 890 0.34

11/14/2006 C-2 Austin-Foust Associates, Inc.
105345 VC Table.xls



V/C Calculations
AM Peak Hour -  Northbound

Total Mixed-Flow Lanes HOV Lanes Truck Lanes
Location Vol Lanes Cap/Ln Vol V/C Lanes Cap/Ln Vol V/C Lanes Cap/Ln Vol V/C
2018
403. I-5 s/o Parker 3,334 4 1,800 3,001 0.42 1 2,000 333 0.17 - - - -
404. I-5 s/o Hasley 5,018 4 1,950 4,516 0.58 1 2,000 502 0.25 - - - -
405. I-5 s/o SR-126 5,844 4 1,950 5,260 0.67 1 2,000 584 0.29 - - - -
406. I-5 s/o Rye Cyn 5,844 4 1,950 5,260 0.67 1 2,000 584 0.29 - - - -
407. I-5 s/o Magic Mtn 6,432 4 1,950 5,789 0.74 1 2,000 643 0.32 - - - -
408. I-5 s/o Valencia 7,227 4 1,950 6,504 0.83 1 2,000 723 0.36 - - - -
409. I-5 s/o McBean 7,115 4 1,950 6,404 0.82 1 2,000 712 0.36 - - - -
410. I-5 s/o Lyons 6,622 4 1,950 5,960 0.76 1 2,000 662 0.33 - - - -
411. I-5 s/o Calgrove 6,167 4 2,000 4,872 0.61 1 2,000 617 0.31 1 1,300 678 0.52
412. I-5 s/o SR-14 8,422 6 2,000 6,653 0.55 1 2,000 842 0.42 2 1,300 926 0.36
2022
403. I-5 s/o Parker 3,615 4 1,800 3,254 0.45 1 2,000 362 0.18 - - - -
404. I-5 s/o Hasley 5,303 4 1,950 4,773 0.61 1 2,000 530 0.27 - - - -
405. I-5 s/o SR-126 5,995 4 1,950 5,276 0.68 1 2,000 719 0.36 - - - -
406. I-5 s/o Rye Cyn 5,995 4 1,950 5,276 0.68 1 2,000 719 0.36 - - - -
407. I-5 s/o Magic Mtn 6,468 4 1,950 5,692 0.73 1 2,000 776 0.39 - - - -
408. I-5 s/o Valencia 7,297 4 1,950 6,421 0.82 1 2,000 876 0.44 - - - -
409. I-5 s/o McBean 7,195 4 1,950 6,332 0.81 1 2,000 863 0.43 - - - -
410. I-5 s/o Lyons 6,696 4 1,950 5,892 0.76 1 2,000 804 0.40 - - - -
411. I-5 s/o Calgrove 6,209 4 2,000 4,781 0.60 1 2,000 745 0.37 1 1,300 683 0.53
412. I-5 s/o SR-14 8,812 6 2,000 6,785 0.57 1 2,000 1,057 0.53 2 1,300 969 0.37
2025
403. I-5 s/o Parker 3,887 4 1,800 3,498 0.49 1 2,000 389 0.19 - - - -
404. I-5 s/o Hasley 5,597 4 1,950 5,037 0.65 1 2,000 560 0.28 - - - -
405. I-5 s/o SR-126 6,330 4 1,950 5,570 0.71 1 2,000 760 0.38 - - - -
406. I-5 s/o Rye Cyn 6,330 4 1,950 5,570 0.71 1 2,000 760 0.38 - - - -
407. I-5 s/o Magic Mtn 6,825 4 1,950 6,006 0.77 1 2,000 819 0.41 - - - -
408. I-5 s/o Valencia 7,625 4 1,950 6,710 0.86 1 2,000 915 0.46 - - - -
409. I-5 s/o McBean 7,453 4 1,950 6,559 0.84 1 2,000 894 0.45 - - - -
410. I-5 s/o Lyons 6,961 4 1,950 6,126 0.79 1 2,000 835 0.42 - - - -
411. I-5 s/o Calgrove 6,462 4 2,000 4,976 0.62 1 2,000 775 0.39 1 1,300 711 0.55
412. I-5 s/o SR-14 9,156 6 2,000 7,050 0.59 1 2,000 1,099 0.55 2 1,300 1,007 0.39
2030
403. I-5 s/o Parker 4,382 4 1,800 3,988 0.55 1 2,000 394 0.20 - - - -
404. I-5 s/o Hasley 6,055 4 1,950 5,450 0.70 1 2,000 606 0.30 - - - -
405. I-5 s/o SR-126 6,690 4 1,950 5,887 0.75 1 2,000 803 0.40 - - - -
406. I-5 s/o Rye Cyn 6,690 4 1,950 5,887 0.75 1 2,000 803 0.40 - - - -
407. I-5 s/o Magic Mtn 7,048 4 1,950 6,202 0.80 1 2,000 846 0.42 - - - -
408. I-5 s/o Valencia 7,763 4 1,950 6,831 0.88 1 2,000 932 0.47 - - - -
409. I-5 s/o McBean 7,698 4 1,950 6,774 0.87 1 2,000 924 0.46 - - - -
410. I-5 s/o Lyons 7,181 4 1,950 6,319 0.81 1 2,000 862 0.43 - - - -
411. I-5 s/o Calgrove 6,590 4 2,000 5,074 0.63 1 2,000 791 0.40 1 1,300 725 0.56
412. I-5 s/o SR-14 9,185 6 2,000 6,797 0.57 2 2,000 1,194 0.30 2 1,300 1,194 0.46

11/14/2006 C-3 Austin-Foust Associates, Inc.
105345 VC Table.xls



V/C Calculations
AM Peak Hour -  Southbound

Total Mixed-Flow Lanes HOV Lanes Truck Lanes
Location Vol Lanes Cap/Ln Vol V/C Lanes Cap/Ln Vol V/C Lanes Cap/Ln Vol V/C
2006
403. I-5 s/o Parker 2,210 4 1,800 2,210 0.31 - - - - - - - -
404. I-5 s/o Hasley 3,110 4 1,950 3,110 0.40 - - - - - - - -
405. I-5 s/o SR-126 3,420 4 1,950 3,420 0.44 - - - - - - - -
406. I-5 s/o Rye Cyn 4,200 4 1,950 4,200 0.54 - - - - - - - -
407. I-5 s/o Magic Mtn 4,490 4 1,950 4,490 0.58 - - - - - - - -
408. I-5 s/o Valencia 5,310 4 1,950 5,310 0.68 - - - - - - - -
409. I-5 s/o McBean 5,730 4 1,950 5,730 0.73 - - - - - - - -
410. I-5 s/o Lyons 6,320 4 1,950 6,320 0.81 - - - - - - - -
411. I-5 s/o Calgrove 6,610 4 1,900 6,610 0.87 - - - - - - - -
412. I-5 s/o SR-14 13,270 6 2,000 11,810 0.98 - - - - 2 1,300 1,460 0.56
2011
403. I-5 s/o Parker 4,591 4 1,800 4,591 0.64 - - - - - - - -
404. I-5 s/o Hasley 5,276 4 1,950 5,276 0.68 - - - - - - - -
405. I-5 s/o SR-126 4,946 4 1,950 4,946 0.63 - - - - - - - -
406. I-5 s/o Rye Cyn 4,910 4 1,950 4,910 0.63 - - - - - - - -
407. I-5 s/o Magic Mtn 4,956 4 1,950 4,956 0.64 - - - - - - - -
408. I-5 s/o Valencia 5,814 4 1,950 5,814 0.75 - - - - - - - -
409. I-5 s/o McBean 5,778 4 1,950 5,778 0.74 - - - - - - - -
410. I-5 s/o Lyons 6,448 4 2,000 5,739 0.72 - - - - 1 1,300 709 0.55
411. I-5 s/o Calgrove 6,657 4 2,000 5,925 0.74 - - - - 1 1,300 732 0.56
412. I-5 s/o SR-14 13,907 6 2,000 10,708 0.89 1 2,000 1,669 0.83 2 1,300 1,530 0.59
2012
403. I-5 s/o Parker 4,615 4 1,800 4,615 0.64 - - - - - - - -
404. I-5 s/o Hasley 5,286 4 1,950 5,286 0.68 - - - - - - - -
405. I-5 s/o SR-126 4,858 4 1,950 4,858 0.62 - - - - - - - -
406. I-5 s/o Rye Cyn 4,959 4 1,950 4,959 0.64 - - - - - - - -
407. I-5 s/o Magic Mtn 4,982 4 1,950 4,982 0.64 - - - - - - - -
408. I-5 s/o Valencia 5,748 4 1,950 5,748 0.74 - - - - - - - -
409. I-5 s/o McBean 5,787 4 1,950 5,787 0.74 - - - - - - - -
410. I-5 s/o Lyons 6,474 4 2,000 5,762 0.72 - - - - 1 1,300 712 0.55
411. I-5 s/o Calgrove 6,667 4 2,000 5,934 0.74 - - - - 1 1,300 733 0.56
412. I-5 s/o SR-14 14,034 6 2,000 10,806 0.90 1 2,000 1,684 0.84 2 1,300 1,544 0.59
2014
403. I-5 s/o Parker 4,639 4 1,800 4,639 0.64 - - - - - - - -
404. I-5 s/o Hasley 5,216 4 1,950 5,216 0.67 - - - - - - - -
405. I-5 s/o SR-126 4,839 4 1,950 4,839 0.62 - - - - - - - -
406. I-5 s/o Rye Cyn 4,979 4 1,950 4,979 0.64 - - - - - - - -
407. I-5 s/o Magic Mtn 5,186 4 1,950 5,186 0.66 - - - - - - - -
408. I-5 s/o Valencia 5,939 4 1,950 5,939 0.76 - - - - - - - -
409. I-5 s/o McBean 5,806 4 1,950 5,806 0.74 - - - - - - - -
410. I-5 s/o Lyons 6,525 4 2,000 5,807 0.73 - - - - 1 1,300 718 0.55
411. I-5 s/o Calgrove 6,686 4 2,000 5,951 0.74 - - - - 1 1,300 735 0.57
412. I-5 s/o SR-14 14,236 6 2,000 10,962 0.91 1 2,000 1,708 0.85 2 1,300 1,566 0.60

11/14/2006 C-4 Austin-Foust Associates, Inc.
105345 VC Table.xls



V/C Calculations
AM Peak Hour -  Southbound

Total Mixed-Flow Lanes HOV Lanes Truck Lanes
Location Vol Lanes Cap/Ln Vol V/C Lanes Cap/Ln Vol V/C Lanes Cap/Ln Vol V/C
2018
403. I-5 s/o Parker 4,910 4 1,800 4,419 0.61 1 2,000 491 0.25 - - - -
404. I-5 s/o Hasley 5,536 4 1,950 4,982 0.64 1 2,000 554 0.28 - - - -
405. I-5 s/o SR-126 5,154 4 1,950 4,639 0.59 1 2,000 515 0.26 - - - -
406. I-5 s/o Rye Cyn 5,517 4 1,950 4,965 0.64 1 2,000 552 0.28 - - - -
407. I-5 s/o Magic Mtn 5,911 4 1,950 5,320 0.68 1 2,000 591 0.30 - - - -
408. I-5 s/o Valencia 6,614 4 1,950 5,953 0.76 1 2,000 661 0.33 - - - -
409. I-5 s/o McBean 6,380 4 1,950 5,742 0.74 1 2,000 638 0.32 - - - -
410. I-5 s/o Lyons 6,628 4 2,000 5,236 0.65 1 2,000 663 0.33 1 1,300 729 0.56
411. I-5 s/o Calgrove 6,724 4 2,000 5,312 0.66 1 2,000 672 0.34 1 1,300 740 0.57
412. I-5 s/o SR-14 15,158 6 2,000 11,672 0.97 1 2,000 1,819 0.91 2 1,300 1,667 0.64
2022
403. I-5 s/o Parker 5,260 4 1,800 4,734 0.66 1 2,000 526 0.26 - - - -
404. I-5 s/o Hasley 5,914 4 1,950 5,323 0.68 1 2,000 591 0.30 - - - -
405. I-5 s/o SR-126 5,636 4 1,950 4,960 0.64 1 2,000 676 0.34 - - - -
406. I-5 s/o Rye Cyn 6,037 4 1,950 5,313 0.68 1 2,000 724 0.36 - - - -
407. I-5 s/o Magic Mtn 6,430 4 1,950 5,658 0.73 1 2,000 772 0.39 - - - -
408. I-5 s/o Valencia 7,329 4 1,950 6,450 0.83 1 2,000 879 0.44 - - - -
409. I-5 s/o McBean 7,084 4 1,950 6,234 0.80 1 2,000 850 0.43 - - - -
410. I-5 s/o Lyons 6,730 4 2,000 5,182 0.65 1 2,000 808 0.40 1 1,300 740 0.57
411. I-5 s/o Calgrove 6,762 4 2,000 5,207 0.65 1 2,000 811 0.41 1 1,300 744 0.57
412. I-5 s/o SR-14 16,111 6 2,000 11,922 0.99 1 2,000 1,933 0.97 2 1,300 2,256 0.87
2025
403. I-5 s/o Parker 5,574 4 1,800 5,017 0.70 1 2,000 557 0.28 - - - -
404. I-5 s/o Hasley 6,193 4 1,950 5,574 0.71 1 2,000 619 0.31 - - - -
405. I-5 s/o SR-126 6,072 4 1,950 5,343 0.69 1 2,000 729 0.36 - - - -
406. I-5 s/o Rye Cyn 6,382 4 1,950 5,616 0.72 1 2,000 766 0.38 - - - -
407. I-5 s/o Magic Mtn 6,740 4 1,950 5,931 0.76 1 2,000 809 0.40 - - - -
408. I-5 s/o Valencia 7,633 4 1,950 6,717 0.86 1 2,000 916 0.46 - - - -
409. I-5 s/o McBean 7,320 4 1,950 6,442 0.83 1 2,000 878 0.44 - - - -
410. I-5 s/o Lyons 6,807 4 2,000 5,241 0.66 1 2,000 817 0.41 1 1,300 749 0.58
411. I-5 s/o Calgrove 6,790 4 2,000 5,228 0.65 1 2,000 815 0.41 1 1,300 747 0.57
412. I-5 s/o SR-14 16,597 6 2,000 12,033 1.00 1 2,000 1,992 1.00 2 1,300 2,573 0.99
2030
403. I-5 s/o Parker 5,845 4 1,800 5,261 0.73 1 2,000 585 0.29 - - - -
404. I-5 s/o Hasley 6,518 4 1,950 5,866 0.75 1 2,000 652 0.33 - - - -
405. I-5 s/o SR-126 6,483 4 1,950 5,705 0.73 1 2,000 778 0.39 - - - -
406. I-5 s/o Rye Cyn 6,884 4 1,950 6,058 0.78 1 2,000 826 0.41 - - - -
407. I-5 s/o Magic Mtn 7,152 4 1,950 6,222 0.80 1 2,000 930 0.46 - - - -
408. I-5 s/o Valencia 8,071 4 1,950 7,022 0.90 1 2,000 1,049 0.52 - - - -
409. I-5 s/o McBean 7,779 4 1,950 6,768 0.87 1 2,000 1,011 0.51 - - - -
410. I-5 s/o Lyons 7,373 4 2,000 5,603 0.70 1 2,000 958 0.48 1 1,300 811 0.62
411. I-5 s/o Calgrove 7,360 4 2,000 5,594 0.70 1 2,000 957 0.48 1 1,300 810 0.62
412. I-5 s/o SR-14 17,608 6 2,000 11,463 0.96 2 2,000 3,768 0.94 2 1,300 2,377 0.91

11/14/2006 C-5 Austin-Foust Associates, Inc.
105345 VC Table.xls



V/C Calculations
PM Peak Hour -  Northbound

Total Mixed-Flow Lanes HOV Lanes Truck Lanes
Location Vol Lanes Cap/Ln Vol V/C Lanes Cap/Ln Vol V/C Lanes Cap/Ln Vol V/C
2006
403. I-5 s/o Parker 2,790 4 1,800 2,790 0.39 - - - - - - - -
404. I-5 s/o Hasley 3,620 4 1,950 3,620 0.46 - - - - - - - -
405. I-5 s/o SR-126 4,080 4 1,950 4,080 0.52 - - - - - - - -
406. I-5 s/o Rye Cyn 4,080 4 1,950 4,080 0.52 - - - - - - - -
407. I-5 s/o Magic Mtn 5,270 4 1,950 5,270 0.68 - - - - - - - -
408. I-5 s/o Valencia 6,050 4 1,950 6,050 0.78 - - - - - - - -
409. I-5 s/o McBean 6,610 4 1,950 6,610 0.85 - - - - - - - -
410. I-5 s/o Lyons 7,020 4 1,950 7,020 0.90 - - - - - - - -
411. I-5 s/o Calgrove 6,970 4 1,900 6,970 0.92 - - - - - - - -
412. I-5 s/o SR-14 13,710 6 2,000 11,928 0.99 - - - - 2 1,300 1,782 0.69
2011
403. I-5 s/o Parker 5,954 4 1,800 5,954 0.83 - - - - - - - -
404. I-5 s/o Hasley 6,472 4 1,950 6,472 0.83 - - - - - - - -
405. I-5 s/o SR-126 5,952 4 1,950 5,952 0.76 - - - - - - - -
406. I-5 s/o Rye Cyn 5,952 4 1,950 5,952 0.76 - - - - - - - -
407. I-5 s/o Magic Mtn 6,130 4 1,950 6,130 0.79 - - - - - - - -
408. I-5 s/o Valencia 6,561 4 1,950 6,561 0.84 - - - - - - - -
409. I-5 s/o McBean 6,802 4 1,950 6,802 0.87 - - - - - - - -
410. I-5 s/o Lyons 7,169 4 1,950 7,169 0.92 - - - - - - - -
411. I-5 s/o Calgrove 7,108 4 1,900 6,397 0.84 1 2,000 711 0.36 - - - -
412. I-5 s/o SR-14 13,932 6 2,000 11,006 0.92 1 2,000 1,393 0.70 2 1,300 1,533 0.59
2012
403. I-5 s/o Parker 5,942 4 1,800 5,942 0.83 - - - - - - - -
404. I-5 s/o Hasley 6,459 4 1,950 6,459 0.83 - - - - - - - -
405. I-5 s/o SR-126 5,757 4 1,950 5,757 0.74 - - - - - - - -
406. I-5 s/o Rye Cyn 5,757 4 1,950 5,757 0.74 - - - - - - - -
407. I-5 s/o Magic Mtn 6,121 4 1,950 6,121 0.78 - - - - - - - -
408. I-5 s/o Valencia 6,593 4 1,950 6,593 0.85 - - - - - - - -
409. I-5 s/o McBean 6,841 4 1,950 6,841 0.88 - - - - - - - -
410. I-5 s/o Lyons 7,199 4 1,950 7,199 0.92 - - - - - - - -
411. I-5 s/o Calgrove 7,135 4 1,900 6,422 0.84 1 2,000 714 0.36 - - - -
412. I-5 s/o SR-14 13,976 6 2,000 11,041 0.92 1 2,000 1,398 0.70 2 1,300 1,537 0.59
2014
403. I-5 s/o Parker 6,009 4 1,800 6,009 0.83 - - - - - - - -
404. I-5 s/o Hasley 6,433 4 1,950 6,433 0.82 - - - - - - - -
405. I-5 s/o SR-126 5,757 4 1,950 5,757 0.74 - - - - - - - -
406. I-5 s/o Rye Cyn 5,757 4 1,950 5,757 0.74 - - - - - - - -
407. I-5 s/o Magic Mtn 6,157 4 1,950 6,157 0.79 - - - - - - - -
408. I-5 s/o Valencia 6,659 4 1,950 6,659 0.85 - - - - - - - -
409. I-5 s/o McBean 6,917 4 1,950 6,917 0.89 - - - - - - - -
410. I-5 s/o Lyons 7,258 4 1,950 7,258 0.93 - - - - - - - -
411. I-5 s/o Calgrove 7,190 4 1,900 6,471 0.85 1 2,000 719 0.36 - - - -
412. I-5 s/o SR-14 14,065 6 2,000 11,111 0.93 1 2,000 1,407 0.70 2 1,300 1,547 0.60
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V/C Calculations
PM Peak Hour -  Northbound

Total Mixed-Flow Lanes HOV Lanes Truck Lanes
Location Vol Lanes Cap/Ln Vol V/C Lanes Cap/Ln Vol V/C Lanes Cap/Ln Vol V/C
2018
403. I-5 s/o Parker 6,247 4 1,800 5,622 0.78 1 2,000 625 0.31 - - - -
404. I-5 s/o Hasley 6,796 4 1,950 6,116 0.78 1 2,000 680 0.34 - - - -
405. I-5 s/o SR-126 5,980 4 1,950 5,382 0.69 1 2,000 598 0.30 - - - -
406. I-5 s/o Rye Cyn 5,980 4 1,950 5,382 0.69 1 2,000 598 0.30 - - - -
407. I-5 s/o Magic Mtn 6,517 4 1,950 5,865 0.75 1 2,000 652 0.33 - - - -
408. I-5 s/o Valencia 7,187 4 1,950 6,468 0.83 1 2,000 719 0.36 - - - -
409. I-5 s/o McBean 7,071 4 1,950 6,364 0.82 1 2,000 707 0.35 - - - -
410. I-5 s/o Lyons 7,377 4 1,950 6,639 0.85 1 2,000 738 0.37 - - - -
411. I-5 s/o Calgrove 7,300 4 2,000 6,570 0.82 1 2,000 730 0.37 1 1,300 803 0.62
412. I-5 s/o SR-14 14,242 6 2,000 11,251 0.94 1 2,000 1,424 0.71 2 1,300 1,567 0.60
2022
403. I-5 s/o Parker 6,733 4 1,800 6,060 0.84 1 2,000 673 0.34 - - - -
404. I-5 s/o Hasley 7,317 4 1,950 6,585 0.84 1 2,000 732 0.37 - - - -
405. I-5 s/o SR-126 6,520 4 1,950 5,738 0.74 1 2,000 782 0.39 - - - -
406. I-5 s/o Rye Cyn 6,520 4 1,950 5,738 0.74 1 2,000 782 0.39 - - - -
407. I-5 s/o Magic Mtn 7,013 4 1,950 6,171 0.79 1 2,000 842 0.42 - - - -
408. I-5 s/o Valencia 7,527 4 1,950 6,624 0.85 1 2,000 903 0.45 - - - -
409. I-5 s/o McBean 7,619 4 1,950 6,705 0.86 1 2,000 914 0.46 - - - -
410. I-5 s/o Lyons 7,496 4 1,950 6,596 0.85 1 2,000 900 0.45 - - - -
411. I-5 s/o Calgrove 7,410 4 2,000 6,521 0.82 1 2,000 889 0.44 1 1,300 815 0.63
412. I-5 s/o SR-14 15,261 6 2,000 11,751 0.98 1 2,000 1,831 0.92 2 1,300 1,679 0.65
2025
403. I-5 s/o Parker 7,150 4 1,800 6,435 0.89 1 2,000 715 0.36 - - - -
404. I-5 s/o Hasley 7,754 4 1,950 6,979 0.89 1 2,000 775 0.39 - - - -
405. I-5 s/o SR-126 6,997 4 1,950 6,157 0.79 1 2,000 840 0.42 - - - -
406. I-5 s/o Rye Cyn 6,997 4 1,950 6,157 0.79 1 2,000 840 0.42 - - - -
407. I-5 s/o Magic Mtn 7,392 4 1,950 6,505 0.83 1 2,000 887 0.44 - - - -
408. I-5 s/o Valencia 7,825 4 1,950 6,886 0.88 1 2,000 939 0.47 - - - -
409. I-5 s/o McBean 7,933 4 1,950 6,981 0.90 1 2,000 952 0.48 - - - -
410. I-5 s/o Lyons 7,923 4 1,950 6,972 0.89 1 2,000 951 0.48 - - - -
411. I-5 s/o Calgrove 7,797 4 2,000 6,861 0.86 1 2,000 936 0.47 1 1,300 858 0.66
412. I-5 s/o SR-14 15,842 6 2,000 11,882 0.99 1 2,000 1,901 0.95 2 1,300 2,059 0.79
2030
403. I-5 s/o Parker 7,344 4 1,800 6,463 0.90 1 2,000 881 0.44 - - - -
404. I-5 s/o Hasley 8,050 4 1,950 7,004 0.90 1 2,000 1,047 0.52 - - - -
405. I-5 s/o SR-126 7,365 4 1,950 6,334 0.81 1 2,000 1,031 0.52 - - - -
406. I-5 s/o Rye Cyn 7,365 4 1,950 6,334 0.81 1 2,000 1,031 0.52 - - - -
407. I-5 s/o Magic Mtn 7,787 4 1,950 6,775 0.87 1 2,000 1,012 0.51 - - - -
408. I-5 s/o Valencia 8,235 4 1,950 7,000 0.90 1 2,000 1,235 0.62 - - - -
409. I-5 s/o McBean 8,397 4 1,950 7,053 0.90 1 2,000 1,344 0.67 - - - -
410. I-5 s/o Lyons 8,407 4 1,950 7,020 0.90 1 2,000 1,387 0.69 - - - -
411. I-5 s/o Calgrove 8,269 4 2,000 7,111 0.89 1 2,000 1,158 0.58 1 1,300 910 0.70
412. I-5 s/o SR-14 16,720 6 2,000 11,035 0.92 2 2,000 3,511 0.88 2 1,300 2,174 0.84
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V/C Calculations
PM Peak Hour -  Southbound

Total Mixed-Flow Lanes HOV Lanes Truck Lanes
Location Vol Lanes Cap/Ln Vol V/C Lanes Cap/Ln Vol V/C Lanes Cap/Ln Vol V/C
2006
403. I-5 s/o Parker 2,420 4 1,800 2,420 0.34 - - - - - - - -
404. I-5 s/o Hasley 3,010 4 1,950 3,010 0.39 - - - - - - - -
405. I-5 s/o SR-126 4,150 4 1,950 4,150 0.53 - - - - - - - -
406. I-5 s/o Rye Cyn 5,350 4 1,950 5,350 0.69 - - - - - - - -
407. I-5 s/o Magic Mtn 5,600 4 1,950 5,600 0.72 - - - - - - - -
408. I-5 s/o Valencia 6,420 4 1,950 6,420 0.82 - - - - - - - -
409. I-5 s/o McBean 6,450 4 1,950 6,450 0.83 - - - - - - - -
410. I-5 s/o Lyons 6,460 4 1,950 6,460 0.83 - - - - - - - -
411. I-5 s/o Calgrove 6,410 4 1,900 6,410 0.84 - - - - - - - -
412. I-5 s/o SR-14 9,180 6 2,000 8,262 0.69 - - - - 2 1,300 918 0.35
2011
403. I-5 s/o Parker 4,575 4 1,800 4,575 0.64 - - - - - - - -
404. I-5 s/o Hasley 6,130 4 1,950 6,130 0.79 - - - - - - - -
405. I-5 s/o SR-126 6,815 4 1,950 6,815 0.87 - - - - - - - -
406. I-5 s/o Rye Cyn 7,802 4 1,950 7,802 1.00 - - - - - - - -
407. I-5 s/o Magic Mtn 7,336 4 1,950 7,336 0.94 - - - - - - - -
408. I-5 s/o Valencia 7,773 4 1,950 7,773 1.00 - - - - - - - -
409. I-5 s/o McBean 7,491 4 1,950 7,491 0.96 - - - - - - - -
410. I-5 s/o Lyons 6,937 4 2,000 6,174 0.77 - - - - 1 1,300 763 0.59
411. I-5 s/o Calgrove 7,045 4 2,000 6,270 0.78 - - - - 1 1,300 775 0.60
412. I-5 s/o SR-14 9,483 6 2,000 7,681 0.64 1 2,000 853 0.43 2 1,300 948 0.36
2012
403. I-5 s/o Parker 4,596 4 1,800 4,596 0.64 - - - - - - - -
404. I-5 s/o Hasley 6,117 4 1,950 6,117 0.78 - - - - - - - -
405. I-5 s/o SR-126 6,619 4 1,950 6,619 0.85 - - - - - - - -
406. I-5 s/o Rye Cyn 7,705 4 1,950 7,705 0.99 - - - - - - - -
407. I-5 s/o Magic Mtn 7,302 4 1,950 7,302 0.94 - - - - - - - -
408. I-5 s/o Valencia 7,818 4 1,950 7,818 1.00 - - - - - - - -
409. I-5 s/o McBean 7,674 4 1,950 7,674 0.98 - - - - - - - -
410. I-5 s/o Lyons 7,162 4 2,000 6,374 0.80 - - - - 1 1,300 788 0.61
411. I-5 s/o Calgrove 7,172 4 2,000 6,383 0.80 - - - - 1 1,300 789 0.61
412. I-5 s/o SR-14 9,544 6 2,000 7,731 0.64 1 2,000 859 0.43 2 1,300 954 0.37
2014
403. I-5 s/o Parker 4,660 4 1,800 4,660 0.65 - - - - - - - -
404. I-5 s/o Hasley 6,257 4 1,950 6,257 0.80 - - - - - - - -
405. I-5 s/o SR-126 6,663 4 1,950 6,663 0.85 - - - - - - - -
406. I-5 s/o Rye Cyn 7,794 4 1,950 7,794 1.00 - - - - - - - -
407. I-5 s/o Magic Mtn 7,475 4 1,950 7,475 0.96 - - - - - - - -
408. I-5 s/o Valencia 7,828 4 1,950 7,828 1.00 - - - - - - - -
409. I-5 s/o McBean 7,827 4 1,950 7,827 1.00 - - - - - - - -
410. I-5 s/o Lyons 7,235 4 2,000 6,439 0.80 - - - - 1 1,300 796 0.61
411. I-5 s/o Calgrove 7,280 4 2,000 6,479 0.81 - - - - 1 1,300 801 0.62
412. I-5 s/o SR-14 9,752 6 2,000 7,899 0.66 1 2,000 878 0.44 2 1,300 975 0.38
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V/C Calculations
PM Peak Hour -  Southbound

Total Mixed-Flow Lanes HOV Lanes Truck Lanes
Location Vol Lanes Cap/Ln Vol V/C Lanes Cap/Ln Vol V/C Lanes Cap/Ln Vol V/C
2018
403. I-5 s/o Parker 5,013 4 1,800 4,512 0.63 1 2,000 501 0.25 - - - -
404. I-5 s/o Hasley 6,651 4 1,950 5,853 0.75 1 2,000 798 0.40 - - - -
405. I-5 s/o SR-126 7,291 4 1,950 6,124 0.79 1 2,000 1,167 0.58 - - - -
406. I-5 s/o Rye Cyn 8,844 4 1,950 7,429 0.95 1 2,000 1,415 0.71 - - - -
407. I-5 s/o Magic Mtn 8,644 4 1,950 7,261 0.93 1 2,000 1,383 0.69 - - - -
408. I-5 s/o Valencia 9,179 4 1,950 7,710 0.99 1 2,000 1,469 0.73 - - - -
409. I-5 s/o McBean 8,586 4 1,950 7,212 0.92 1 2,000 1,374 0.69 - - - -
410. I-5 s/o Lyons 7,899 4 2,000 5,766 0.72 1 2,000 1,264 0.63 1 1,300 869 0.67
411. I-5 s/o Calgrove 7,658 4 2,000 5,590 0.70 1 2,000 1,225 0.61 1 1,300 842 0.65
412. I-5 s/o SR-14 10,257 6 2,000 8,000 0.67 1 2,000 1,231 0.62 2 1,300 1,026 0.39
2022
403. I-5 s/o Parker 5,453 4 1,800 4,908 0.68 1 2,000 545 0.27 - - - -
404. I-5 s/o Hasley 7,063 4 1,950 6,215 0.80 1 2,000 848 0.42 - - - -
405. I-5 s/o SR-126 7,500 4 1,950 6,150 0.79 1 2,000 1,350 0.68 - - - -
406. I-5 s/o Rye Cyn 8,956 4 1,950 7,344 0.94 1 2,000 1,612 0.81 - - - -
407. I-5 s/o Magic Mtn 8,773 4 1,950 7,194 0.92 1 2,000 1,579 0.79 - - - -
408. I-5 s/o Valencia 9,358 4 1,950 7,674 0.98 1 2,000 1,684 0.84 - - - -
409. I-5 s/o McBean 8,851 4 1,950 7,258 0.93 1 2,000 1,593 0.80 - - - -
410. I-5 s/o Lyons 8,221 4 2,000 5,919 0.74 1 2,000 1,398 0.70 1 1,300 904 0.70
411. I-5 s/o Calgrove 7,999 4 2,000 5,759 0.72 1 2,000 1,360 0.68 1 1,300 880 0.68
412. I-5 s/o SR-14 10,914 6 2,000 8,404 0.70 1 2,000 1,419 0.71 2 1,300 1,091 0.42
2025
403. I-5 s/o Parker 5,792 4 1,800 5,213 0.72 1 2,000 579 0.29 - - - -
404. I-5 s/o Hasley 7,419 4 1,950 6,529 0.84 1 2,000 890 0.45 - - - -
405. I-5 s/o SR-126 7,938 4 1,950 6,350 0.81 1 2,000 1,588 0.79 - - - -
406. I-5 s/o Rye Cyn 9,357 4 1,950 7,486 0.96 1 2,000 1,871 0.94 - - - -
407. I-5 s/o Magic Mtn 9,191 4 1,950 7,353 0.94 1 2,000 1,838 0.92 - - - -
408. I-5 s/o Valencia 9,658 4 1,950 7,726 0.99 1 2,000 1,932 0.97 - - - -
409. I-5 s/o McBean 9,045 4 1,950 7,236 0.93 1 2,000 1,809 0.90 - - - -
410. I-5 s/o Lyons 8,439 4 2,000 6,076 0.76 1 2,000 1,435 0.72 1 1,300 928 0.71
411. I-5 s/o Calgrove 8,201 4 2,000 5,905 0.74 1 2,000 1,394 0.70 1 1,300 902 0.69
412. I-5 s/o SR-14 11,384 6 2,000 8,766 0.73 1 2,000 1,480 0.74 2 1,300 1,138 0.44
2030
403. I-5 s/o Parker 6,733 4 1,800 5,723 0.79 1 2,000 1,010 0.50 - - - -
404. I-5 s/o Hasley 8,227 4 1,950 6,993 0.90 1 2,000 1,234 0.62 - - - -
405. I-5 s/o SR-126 8,703 4 1,950 6,962 0.89 1 2,000 1,741 0.87 - - - -
406. I-5 s/o Rye Cyn 9,828 4 1,950 7,823 1.00 1 2,000 2,005 1.00 - - - -
407. I-5 s/o Magic Mtn 9,723 4 1,950 7,740 0.99 1 2,000 1,983 0.99 - - - -
408. I-5 s/o Valencia 9,832 4 1,950 7,826 1.00 1 2,000 2,006 1.00 - - - -
409. I-5 s/o McBean 9,519 4 1,950 7,615 0.98 1 2,000 1,904 0.95 - - - -
410. I-5 s/o Lyons 8,877 4 2,000 6,081 0.76 1 2,000 1,775 0.89 1 1,300 1,021 0.79
411. I-5 s/o Calgrove 8,794 4 2,000 6,024 0.75 1 2,000 1,759 0.88 1 1,300 1,011 0.78
412. I-5 s/o SR-14 11,623 6 2,000 7,787 0.65 2 2,000 2,325 0.58 2 1,300 1,511 0.58
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APPENDIX D 
NEWHALL RANCH SPECIFIC PLAN – TRAFFIC MITIGATION MEASURES 

 

SP 4.8-1 The applicants for future subdivision maps which permit construction shall be 

responsible for funding and constructing all on-site traffic improvements except as 

otherwise provided below.  The obligation to construct improvements shall not preclude 

the applicants’ ability to seek local, state, or federal funding for these facilities.   

SP 4.8-2 Prior to the approval of each subdivision map which permits construction, the applicant 

for that map shall prepare a transportation performance evaluation which shall indicate 

the specific improvements for all on-site roadways which are necessary to provide 

adequate roadway and intersection capacity as well as adequate right-of-way for the 

subdivision and other expected traffic.  Transportation performance evaluations shall be 

approved by Los Angeles County Department of Public Works according to standards 

and policies in effect at that time.  The transportation performance evaluation shall form 

the basis for specific conditions of approval for the subdivision.   

SP 4.8-3 The applicants for future subdivisions shall provide the traffic signals at the 15 locations 

labeled B through P in Figure 4.8-17 [of the Newhall Ranch Specific Plan Final EIR] as 

well as any additional signals warranted by future subdivision design.  Signal warrants 

shall be prepared as part of the transportation performance evaluations noted in 

Mitigation 4.8-2 [of the Newhall Ranch Specific Plan Final EIR].   

SP 4.8-4 All development within the Specific Plan shall conform to the requirements of the Los 

Angeles County Transportation Demand Management (TDM) Ordinance.   

SP 4.8-5 The applicants for all future subdivision maps which permit construction shall consult 

with the local transit provider regarding the need for, and locations of, bus pull-ins on 

highways within the Specific Plan area.  All bus pull-in locations shall be approved by 

the Department of Public Works, and approved bus pull-ins shall be constructed by the 

applicant.   

SP 4.8-6 Prior to the recordation of the first subdivision map which permits construction, the 

applicant for that map shall prepare a transportation performance evaluation which shall 

determine the specific needed improvements of each off-site arterial and related costs in 

order to provide adequate roadway and intersection capacity for the expected Specific 

Plan and General Plan buildout traffic trips.  The transportation performance evaluation 
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shall be based on the Master Plan of Highways in effect at that time and shall be 

approved by the Los Angeles County Department of Public Works.  The applicant shall 

be required to fund its fair share of improvements to these arterials, as stated on Table 

4.8-18 of the Newhall Ranch Specific Plan Final EIR.  The applicants total funding 

obligation shall be equitably distributed over the housing units and non-residential 

building square footage (i.e., Business Park, Visitor-Serving, Mixed-Use, and 

Commercial) in the Specific Plan, and shall be a fee to be paid to the County and/or the 

City at each building permit.  For off-site areas within the County unincorporated area, 

the applicant may construct improvements for credit against or in lieu of paying the fee.   

(3) I-5 and SR-126 in Los Angeles County 
 

SP 4.8-7 Each future performance evaluation which shows that a future subdivision map will 

create significant impacts on SR-126 shall analyze the need for additional travel lanes on 

SR-126.  If adequate lane capacity is not available at the time of subdivision, the 

applicant of the subdivision shall fund or construct the improvements necessary to serve 

the proposed increment of development.  Construction or funding of any required 

facilities shall not preclude the applicant’s ability to seek state, federal, or local funding 

for these facilities.   

SP 4.8-8 Project-specific environmental analysis for future subdivision maps which allow 

construction shall comply with the requirements of the Congestion Management Program 

in effect at the time that subdivision map is filed.   

SP 4.8-9 Prior to the recordation of the first subdivision map which permits construction, the 

applicant for that map shall prepare a transportation evaluation including all of the 

Specific Plan land uses which shall determine the specific improvements needed to the 

following intersections with SR-126 in the City of Fillmore and community of Piru in 

Ventura County: A, B, C, D and E Streets, Old Telegraph, Olive, Central, Santa Clara, 

Mountain View, El Dorado Road, and Pole Creek (Fillmore), and Main/Torrey and 

Center (Piru).  The related costs of those intersection improvements and the project’s fair 

share shall be estimated based upon the expected Specific Plan traffic volumes.  The 

transportation performance evaluation shall be based on the Los Angeles County Master 

Plan of Highways in effect at that time and shall be approved by the Los Angeles County 

Department of Public Works.  The applicant’s total funding obligation shall be equitably 

distributed over the housing units and non-residential building square footage (i.e., 
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Business Park, Visitor Center, Mixed Use, and Commercial) in the Specific Plan, and 

shall be a fee to be paid to the City of Fillmore and the County of Ventura at each 

building permit.   

SP 4.8-10 The Specific Plan is responsible to construct or fund its fair-share of the intersections and 

interchange improvements indicated on Table 4.8-18 of the Newhall Ranch Specific Plan 

Final EIR.  Each future transportation performance evaluation required by Mitigation 4.8-

2 of the Newhall Ranch Specific Plan Final EIR which identifies a significant impact at 

these locations due to subdivision map-generated traffic shall address the need for 

additional capacity at each of these locations.  If adequate capacity is not available at the 

time of subdivision map recordation, the performance evaluation shall determine the 

improvements necessary to carry Specific Plan generated traffic, as well as the fair share 

cost to construct such improvements.  If the future subdivision is conditioned to construct 

a phase of improvements which results in an overpayment of the fair-share cost of the 

improvement, then an appropriate adjustment (offset) to the fees paid to Los Angeles 

County and/or City of Santa Clarita pursuant to Mitigation Measure 4.8-6 above shall be 

made.   

SP 4.8-11 The applicant of the Newhall Ranch Specific Plan shall participate in an I-5 developer fee 

program, if adopted by the Board of Supervisors for the Santa Clarita Valley.   

SP 4.8-12 The applicant of the Newhall Ranch Specific Plan shall participate in a transit fee 

program, if adopted for the entire Santa Clarita Valley by Los Angeles County and City 

of Santa Clarita.   

SP 4.8-13 Prior to the approval of each subdivision map which permits construction, the applicant 

for that map shall prepare a traffic analysis approved by the Los Angeles County 

Department of Public Works.  The analysis will assess project and cumulative 

development (including an existing plus cumulative development scenario under the 

County’s Traffic Impact Analysis Report Guidelines (TIA) and its Development 

Monitoring System (DMS)).  In response to the traffic analysis, the applicant may 

construct off-site traffic improvements for credit against, or in lieu of paying, the 

mitigation fees described in Mitigation Measure 4.8-6 of the Newhall Ranch Specific 

Plan Final EIR.  If future subdivision maps are developed in phases, a traffic study for 

each phase of the subdivision map may be submitted to determine the improvements 

needed to be constructed with that phase of development. 
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SUMMARY 

The Newhall Land and Farming Company has proposed to build single-family residences, apartment 

buildings, condominiums, commercial buildings, and recreational areas in the portion of Newhall Ranch 

called Landmark Village.  The Landmark Village project (proposed project) would result in the 

generation of air pollutants during construction and operational activities.  The construction of the utility 

corridor that provides the infrastructure components, such as potable water, reclaimed water, sewer, and 

natural gas, is also considered part of the proposed project.  This study analyzes the impacts of the 

construction emissions (fugitive dust and motor vehicle and equipment exhaust) on ambient air quality 

concentrations in the vicinity of the construction site.  The ambient air quality impacts are compared to 

thresholds established by the South Coast Air Quality Management District (SCAQMD).  The significance 

threshold for respirable particulate matter (PM10) represents compliance with Rule 403 (Fugitive Dust).  

The thresholds for nitrogen dioxide (NO2) and carbon monoxide (CO) represent the allowable increase in 

concentrations above background levels in the vicinity of the project that would not cause or contribute to 

an exceedance of the relevant ambient air quality standards.  

Localized significance threshold analysis shows that maximum 24-hour PM10 would exceed the threshold 

of significance established by SCAQMD at the nearest residential, workplace, and sensitive receptors to 

the project site.  Also, 1-hour NO2 concentrations would exceed the threshold of significance established 

by SCAQMD at the nearest workplace receptors to the project site. 
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1.0 GENERAL 

1.1 Project Description 

The proposed development at Landmark Village is within the South Coast Air Basin (SCAB), which is 

under the jurisdiction of SCAQMD.  The proposed Landmark Village project consists of 308 single-family 

residential units; 685 condominiums; 451 apartments; 337,600 square feet (sq. ft.) of retail area; 695,400 sq. 

ft. of office space; 70,000 sq. ft. of school buildings; and 16.1 acres of park area.  The construction of the 

utility corridor that provides the infrastructure components, such as potable water, reclaimed water, 

sewer, and natural gas, is also considered part of the proposed project.  Total development is anticipated 

to occur over a 251-week period.  The construction schedule is mainly divided into three phases 

(1) grading, (2) asphalt paving, and (3) building construction.  Grading and asphalt paving are 

anticipated to occur during first 75 weeks and the building construction phase is anticipated to occur 

from week 76 to week 251. The construction of the utility corridor will occur over 52-week period starting 

in week one along with grading and asphalt paving.  The construction of the utility corridor is also 

divided in three different phases (1) grading, (2) grading and water tanks construction, and (3) grading 

and water tanks welding and coating.  These three phases are anticipated to occur over the first 30 weeks, 

week 31 to week 48, and week 49 to week 52, respectively.  Currently, the project site is either used for 

agricultural crop production or is vacant, and no demolition is required.  The project site is bounded by 

State Route 126 (SR-126) on the northern boundary and by the Santa Clara River on the southern 

boundary.  Two soil borrow areas are proposed in the vicinity of the northern and southern boundary of 

the project site.  

1.2 Regional Air Quality 

The project is located in the SCAB portion of Los Angeles County, which is a severe-17 nonattainment 

area for the federal 8-hour ozone standard and an extreme nonattainment area for the state 1-hour ozone 

standard.  It has also been designated as a serious nonattainment area for federal 1-hour and 8-hour CO 

standards and as an attainment area for state 1-hour standard and 8-hour CO standards.  Also, it has been 

designated as a serious nonattainment area for the federal 24-hour and annual PM10 standards and a 

nonattainment area for the state 24-hour PM10 standard and the state annual fine particulate matter 

(PM2.5) standard.1,2 

                                                             
1 California Air Resources Board. “Area Designations (Activities and Maps)." [Online] [February 3, 2006].  

http://www.arb.ca.gov/desig/desig.htm. 
2 U.S. Environmental Protection Agency. "Region 9: Air Programs, Air Quality Maps." [Online] [March 17, 2006].  

http://www.epa.gov/region9/air/maps/maps_top.html. 
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1.3 Thresholds of Significance 

Table 1, Peak Background Concentrations for SRA 13 for the Period of 2003 to 2005, shows the peak 

background concentrations of NO2 and CO in Source Receptor Area (SRA) 13 (Santa Clarita Valley) in 

which the proposed project is located.  These are the values on which LST criteria for NOx and CO are 

based. 

 
Table 1 

Peak Background Concentrations for SRA 13 for the Period of 2003 to 2005 
 

Pollutant 
Averaging 

Period Unit 2003 2004 2005 
Peak 

Concentration 
Nitrogen Dioxide (NO2) 1 hour ppm 0.12 0.09 0.08 0.12 
Carbon Monoxide (CO) 1 hour ppm 3 5 2 5 
 8 hours ppm 1.7 3.7 1.3 3.7 

   
Source: 1.South Coast Air Quality Management District “Historical Data by Year.” [Online]  [March 30, 2005], 

http://www.aqmd.gov/smog/historicaldata.htm.  
 2. U.S. Environmental Protection Agency, AirData: Access to Air Pollution Data [Online] [March 2, 2006], 

http://www.epa.gov/air/data/index.html. 

 

Table 2, Localized Significance Criteria, shows the threshold criteria recommended by the SCAQMD for 

determining whether the emissions resulting from construction of a development project have the 

potential to generate significant adverse local impacts on ambient air quality.  The SCAQMD’s 

concentration-based PM10 threshold from its Localized Significance Threshold Methodology (LST 

Methodology)3 is a 24-hour average concentration of 10.4 micrograms per cubic meter (µg/m3) based on 

compliance with Rule 403.  The thresholds for NO2 and CO were based on the maximum concentrations 

that occurred during the last three years (2003 to 2005) as shown in Table 1.  These thresholds represent 

the allowable increase in NO2 and CO ambient concentrations above current levels that could occur in 

SRA 13 without causing or contributing to exceedances of the California Ambient Air Quality Standards 

(CAAQS).  For reference, the applicable CAAQS are also shown in Table 2, Localized Significance 

Criteria. 

                                                             
3 South Coast Air Quality Management District, Final Localized Significance Threshold Methodology, June 2003. 
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Table 2 

Localized Significance Criteria 
 

CAAQS LST Criteria1 
Pollutant 

Averaging 
Period µg/m3 ppm 

Peak Conc. 
in ppm   

Respirable Particulate Matter (PM10) 24 hours 50 NA NA 10.4 NA 
Nitrogen Dioxide (NO2) 1 hour 470 0.25 0.12 244 0.13 
Carbon Monoxide (CO) 1 hour 23,000 20 5 17,165 15 
 8 hours 10,000 9.0 3.7 6,065 5.3 

   
Source:  South Coast Air Quality Management District, Final Localized Significance Threshold Methodology, June 2003. 
1 LST Criteria is the difference between CAAQS and the Peak Concentration. 
 
 

2.0 EMISSION ESTIMATION METHODOLOGY 

Unmitigated construction emissions were estimated based on the information provided in the Software 

Users’ Guide: URBEMIS2002 for Windows with Enhanced Construction Module, Version 8.7.0 (April 

2005).  URBEMIS2002 is a land use and transportation based air quality model developed in cooperation 

with the Air Resource Board (ARB) and designed to estimate air emissions from new development 

projects, including construction emissions.  The emissions are estimated based on the information 

provided by the client.  The key emission estimation assumptions are as follows: 

Landmark Village 

• Anticipated starting year:  2007 

• Anticipated development duration:  251 weeks 

• Anticipated grading and asphalt paving schedule:  week 1 to week 75 

• Anticipated construction schedule:  week 76 to week 251 

• Total number of acres of land to be graded:  291 acres 

• Maximum acres graded per day:  28 acres 

• Dust control measures:  As required by SCAQMD Rule 403 

The Utility Corridor 

• Anticipated starting year:  2007 

• Anticipated development duration:  52 weeks 

• Anticipated grading schedule:  week 1 to week 30 

• Anticipated grading and water tanks construction schedule:  week 31 to week 48 
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• Anticipated grading and water tanks welding and coating schedule:  week 49 to week 52 

• Total number of acres of land to be graded:  32 acres 

• Maximum acres graded per day:  0.12 acres 

• Dust control measures:  As required by SCAQMD Rule 403 

The maximum daily emissions that could occur on the project site from any construction phase were 

selected for the Localized Significance Thresholds (LST) analysis.  The maximum daily emissions for each 

pollutant may occur during a different subphase (e.g., grading, building construction).  Table 3, 

Estimated Construction Emissions Associated with the Proposed Project, shows the estimated 

construction emissions associated with each proposed project that would occur on the project site. 

 
Table 3 

Estimated Construction Emissions Associated with the Proposed Project 
 

Maximum Daily Emissions 
(pounds per day) 

Pollutant Fugitive Dust Mobile Sources 
PM10

1 1,253.84 41.20 
NOx

2 — 2,524.30 
CO2 — 3,184.13 

   
Source: Construction emissions were estimated based on the information provided in the User’s Guide [for] 
URBEMIS2002 for Windows with Enhanced Construction Module (May 2002).  Emissions reflect the worst-
case scenario (i.e., highest daily emissions associated with the project). The worst-case daily emissions may 
occur in different project subphases. 

  1 Maximum daily PM10 emissions are expected to occur during week 45 to week 48. 
 2 Maximum daily CO and NOx emissions are expected to occur during week 128.  
   

 

3.0 LOCALIZED SIGNIFICANCE THRESHOLD ANALYSIS 

Per the recommendation of the SCAQMD, ambient PM10, NO2, and CO concentrations due to the 

construction of the proposed project were analyzed using methods described in its LST Methodology.4  
The United States Environmental Protection Agency (USEPA)-approved dispersion model Industrial 

Source Complex – Short Term, ISCST35, was used for the analysis to model the dispersion of the 
pollutants of concern.   

                                                             
4 South Coast Air Quality Management District, Final Localized Significance Threshold Methodology, June 2003. 
5 Lakes Environmental Software, ISC-AERMOD View (Version 5.1). 
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3.1 Modeling Approach 

The modeling approach is as follows: 

• Sources:  The proposed project site was divided into five, roughly equal-sized areas.  This approach 
was based on the assumption that grading or construction activity would occur on a portion of the 
overall project site on the day with the worst-case emissions and that the grading or construction 
activity was equally likely to occur in any of these portions.  In order to take maximum area to be 
graded in one day into account, subareas of 28 acres (the maximum daily acreage in which 
construction activities would occur, according to the applicant) were created inside each of the main 

areas in the maximum frequency wind direction (e.g., northwest direction in this case).6  Similarly, in 
order to take construction emissions associated with the utility corridor into account, five areas of 
0.12 acres representing the maximum daily emissions associated with the construction of the utility 
corridor were placed at the closest possible distance from the existing receptors (residential, 
workplace, or sensitive).  Fugitive dust emissions were treated as area sources distributed over the 
project site.  Per the LST methodology, the area sources were given a ground level release height and 
a 1 meter initial vertical dimension to represent the initial vertical spread of the emissions.  
Equipment and motor vehicle exhaust emissions of PM10, NO2, and CO were also modeled as area 
sources, as the project site is too large to model as a series of volume sources, with a 1 meter initial 
vertical dimension to represent the initial vertical spread of the emissions and a release height of 
5 meters to represent the mid-range of the expected plume rise from frequently used construction 

equipment during daytime atmospheric conditions.7  To simulate the exhaust emissions, elevated 
area sources with a 5 meter release height and one-meter initial vertical dimension were distributed 
throughout the five portions of Landmark Village project site.  

• Receptors:  The fenceline receptors were used to determine air quality impacts in the vicinity of the 
project site.  The fenceline receptors were placed at 100 meter intervals from the construction site 
boundaries to 2000 meters.  Also, intermediate receptors were placed at 100 meter intervals 
throughout the boundary. 

• Meteorology:  Newhall was identified as the nearest meteorological monitoring station for the 
proposed project.  Data were obtained from SCAQMD website.8 

• Model Options:  SCAQMD model options were selected (NOCALM, URBAN). 

                                                             
6 Maximum frequency wind direction is obtained from windrose diagram for Newhall monitoring station. 
7 South Coast Air Quality Management District, Final Localized Significance Threshold Methodology, June 2003, p. 2-2.  
8 Source: South Coast Air Quality Management District Meteorological Data for Dispersion Modeling 

http://www.aqmd.gov/smog/metdata/MetDataTable1.html. 
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3.2 Modeling Results 

3.2.1 Adjustment of NO2 Impacts 

The SCAQMD’s LST Methodology discusses an adjustment of the NO2 impacts due to the fact that most of 

NOx in the combustion exhaust will occur in the form of nitric oxide (NO), rather than as NO2.  Nitric 

oxide is converted in the atmosphere through chemical reactions to NO2.  The LST methodology 

discusses this adjustment as follows: 

NOX emissions are simulated in the air quality dispersion model and the NO2 conversion rate is 
treated by a NO2-to-NOX ratio, which is a function of downwind distance.  Initially, it is assumed 
that only 5 percent of the emitted NOx is NO2.  At 5,000 meters downwind, 100 percent 
conversion of NO-to-NO2 is assumed.9 

The following table from the LST Methodology demonstrates how the NO2-to-NOX ratio varies with 

distance from the source. 

 
Table 4 

NO2-to-NOX Ratio as a Function of Downwind Distance 
 

Downwind Distance 
NO2/NOx Ratio 

20 0.053 
50 0.059 
70 0.064 

100 0.074 
200 0.114 
500 0.258 
1000 0.467 
2000 0.75 
3000 0.9 
4000 0.978 
5000 1.0 

   
Source: South Coast Air Quality Management District, Final Localized Significance 

Threshold Methodology, June 2003, Table 2-4, p. 2-9. 
 

 

For this analysis, the distance from the boundary of the project site to the receptor with the highest 

impact was determined.  A NOx-to-NO2 ratio was determined from the values in Table 4.  Ratios at 

distances between the values in Table 4 were interpolated.  For the proposed project site, the distances 

between the centers of the sources to the receptors, where the maximum NO2 concentration was observed 

                                                             
9  South Coast Air Quality Management District, Final Localized Significance Threshold Methodology, June 2003, p. 2-8.  

The NO2 conversion rates are adapted by the SCAQMD from Arellano, J.V., A.M. Talmon, and P.J.H. Builtjes, “A 
Chemically Reactive Plume Model for the NO-NO2-O3 System,” Atmospheric Environment 24A, 2237-2246. 
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were approximately 450 meters, 1,800 meters, and 1,300 meters, respectively.  Therefore, a NOx-to-NO2 

ratio of 0.75, 0.341, and 0.665 (multiplying factor) were applied to the modeled results for the residential, 

the workplace, and the sensitive receptors, respectively. 

3.2.2 Project-Specific Impacts 

Table 5, Modeling Results – Maximum Impacts at Residential Receptors, Table 6, Modeling Results – 

Maximum Impacts at Workplace Receptors, Table 7, Modeling Results – Maximum Impacts at 

Sensitive Receptors, show the maximum PM10, NO2, and CO concentrations associated with the 

proposed project at residential, workplace, and sensitive receptors, respectively.  The nearest residential 

community to the project site is the community of Val Verde located approximately 1.9 kilometers to the 

north, across SR-126.  Other residences are scattered throughout the area, primarily to the north of the site 

across SR-126.  A recreational vehicle park is located to the east of the project site; however, occupants are 

limited to a 30-day stay.  The nearest potential off-site workplace receptors are located to the northeast in 

the Valencia Commerce Center located approximately 700 meters to the northeast.  The nearest sensitive 

receptors are located approximately 1.7 kilometers to the northeast in the Live Oak Elementary School. 

As stated in Section 3.1, the project site was divided into five areas.  The values shown in these tables are 

the maximum results associated with the area producing the highest impacts because the activity could 

occur in any of the areas on any given day. 

 
Table 5 

Modeling Results 
Maximum Impacts at Residential Receptors 

 
Averaging Modeling Results LST Criteria1 Exceeds 

Pollutant Period µg/m3 ppm µg/m3 ppm Threshold? 
Respirable Particulate Matter (PM10) 24 hours 56.08 NA 10.4 NA YES 
Nitrogen Dioxide (NO2) 1 hour 404.83 0.22 244 0.13 YES 
Carbon Monoxide (CO) 1 hour 680.87 0.59 17,165 15 NO 
 8 hours 97.31 0.09 6,065 5.3 NO 

   
Source:  Impact Sciences, Inc. 
1 South Coast Air Quality Management District, Final Localized Significance Threshold Methodology, June 2003. 
The maximum impacts were observed at the community of Val Verde located approximately 1.9 kilometers to the north, across 
SR-126. 
 

 



Localized Significance Threshold Analysis 

Impact Sciences, Inc. 8 Landmark Village Admin Draft EIR 
32-92  May 2006 

 
Table 6 

Modeling Results 
Maximum Impacts at Workplace Receptors 

 
Averaging Modeling Results LST Criteria1 Exceeds 

Pollutant Period µg/m3 ppm µg/m3 ppm Threshold? 
Respirable Particulate Matter (PM10) 24 hours 60.90 NA 10.4 NA YES 
Nitrogen Dioxide (NO2) 1 hour 483.28 0.26 244 0.13 YES 
Carbon Monoxide (CO) 1 hour 1787.23 1.56 17,165 15 NO 
 8 hours 243.5 0.21 6,065 5.3 NO 

   
Source:  Impact Sciences, Inc. 
1 South Coast Air Quality Management District, Final Localized Significance Threshold Methodology, June 2003. 
The maximum impacts were observed at the Valencia Commerce Center located approximately 700 meters to the northeast. 
 
 

 
Table 7 

Modeling Results 
Maximum Impacts at Sensitive Receptors 

 
Averaging Modeling Results LST Criteria1 Exceeds 

Pollutant Period µg/m3 ppm µg/m3 ppm Threshold? 
Respirable Particulate Matter (PM10) 24 hours 14.82 NA 10.4 NA YES 
Nitrogen Dioxide (NO2) 1 hour 223.90 0.12 244 0.13 NO 
Carbon Monoxide (CO) 1 hour 424.65 0.37 17,165 15 NO 
 8 hours 53.08 0.05 6,065 5.3 NO 

   
Source:  Impact Sciences, Inc. 
1 South Coast Air Quality Management District, Final Localized Significance Threshold Methodology, June 2003. 
The maximum impacts were observed at the Live Oak Elementary School located approximately 1.7 kilometers to the northeast. 
 
 

4.0 CONCLUSIONS 

The LST analysis was conducted to estimate worst-case ambient air quality impacts during construction 

of the Landmark Village project. LST analysis shows that maximum 24-hour PM10 would exceed the 

threshold of significance established by SCAQMD at the nearest residential, workplace, and sensitive 

receptors to the project site.  Also, 1-hour NO2 concentrations would exceed the threshold of significance 

established by SCAQMD at the nearest residential and workplace receptors to the project site. 

The impacts suggest that PM10 emissions could exceed the limitations in SCAQMD Rule 403.  While the 

NO2 concentrations exceed the LST thresholds, the CAAQS would be exceeded only if (1) the actual 

background concentrations were as high as those on which the LST thresholds are based during the 

worst-case construction day, (2) the amount of construction activity (e.g., number and types of 

equipment, hours of operation) assumed in this analysis actually occurred, and (3) the meteorological 

conditions in the data set used in the dispersion modeling analysis occurred in the vicinity of the project 

site on the worst-case construction day. 



 

 

APPENDIX A 
Landmark Village Construction Emissions



 
Estimated Unmitigated Utility Corridor Construction Emissions 

 
 Emissions (lbs/day) 

Subphase/Emissions Source CO VOC NOx SOx PM10 
Weeks 1 thru 30      

Unmitigated Emissions Total 85.90 11.38 62.83 0 296.80 
SCAQMD Thresholds 550 75 100 150 150 

Exceeds Thresholds? NO NO NO NO YES 
Notes:  Grading of utility corridor 
Weeks 31 thru 48      

Unmitigated Emissions Total 110.80 14.30 80.34 0 297.42 
SCAQMD Thresholds 550 75 100 150 150 

Exceeds Thresholds? NO NO NO NO YES 
Notes:   Grading of utility corridor and construction of water tanks 
Weeks 49 thru 52      

Unmitigated Emissions Total 184.25 58.96 152.37 0 300.57 
SCAQMD Thresholds 550 75 100 150 150 

Exceeds Thresholds? NO NO YES NO YES 
Notes: Grading of utility corridor and welding and coating of water tanks 
   
Source:  Impact Sciences, Inc. 

 
 



















































































































 

 

APPENDIX B 
Selected ISCST3 Modeling Output



 

 

*** ISCST3 - VERSION 02035 ***    *** LOCALIZED SIGNIFICANCE THRESHOLDS WITH UTILITY CORRIDOR              ***        05/04/06 
                                   ***                                                                      ***        18:42:41 
**MODELOPTs:                                                                                                           PAGE  71 
CONC                    URBAN ELEV  FLGPOL                             NOCALM                                                  
 
                             *** THE   1ST HIGHEST 24-HR AVERAGE CONCENTRATION   VALUES FOR SOURCE GROUP:  ALL      *** 
                                 INCLUDING SOURCE(S):      AREA1   , AREA2   , MMAX4   , FDUST   ,  
 
                                            *** DISCRETE CARTESIAN RECEPTOR POINTS *** 
 
                                       ** CONC OF PARMAT10 IN MICROGRAMS/M**3                          ** 
 
     X-COORD (M)  Y-COORD (M)        CONC     (YYMMDDHH)              X-COORD (M)  Y-COORD (M)        CONC     (YYMMDDHH) 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
- - 
       347626.66   3811654.75       53.60405  (81112224)                347785.38   3811716.25       58.68578  (81112224)           
       347875.16   3811740.25       63.51659  (81121824)                347964.91   3811764.00       64.42241  (81121824)           
       347593.97   3811747.75       52.44645  (81112224)                347442.22   3811665.00       43.32656  (81112224)           
       347759.63   3811812.75       57.42127  (81121824)                347849.38   3811836.75       60.39397  (81121824)           
       347939.16   3811860.75       58.42091  (81121824)                347573.13   3811847.00       50.80134  (81112224)           
       347431.22   3811769.75       45.30037  (81112224)                347289.31   3811692.50       38.43340  (81011824)           
       347733.88   3811909.50       55.86644  (81121824)                347823.63   3811933.50       56.08175  (81121824)           
       347913.38   3811957.25       54.49918  (81120624)                347541.47   3811940.25       48.21144  (81112224)           
       347387.72   3811856.75       44.48390  (81112224)                347234.00   3811773.00       37.65595  (81011824)           
       347708.09   3812006.00       53.05607  (81121824)                347797.88   3812030.00       51.13541  (81121824)           
       347887.63   3812054.00       50.85184  (81120624)                347520.13   3812039.25       47.15760  (81121824)           
       347375.28   3811960.50       44.29606  (81112224)                347230.41   3811881.75       38.36937  (81112224)           
       347682.34   3812102.75       49.38742  (81121824)                347772.09   3812126.75       48.18049  (81120624)           
       347861.88   3812150.50       46.84777  (81120624)                347489.19   3812133.25       46.29985  (81121824)           
       347333.97   3812048.75       42.66306  (81112224)                347178.78   3811964.25       37.72142  (81112224)           
       347656.56   3812199.25       45.24806  (81121824)                347746.34   3812223.25       45.25813  (81120624)           
       347836.09   3812247.25       42.66294  (81120624)                347467.44   3812232.00       44.83062  (81121824)           
       347320.28   3812152.00       40.97287  (81112224)                347173.13   3812071.75       38.47504  (81112224)           
       347630.81   3812296.00       43.03686  (81120624)                347720.56   3812320.00       41.99494  (81120624)           
       347810.31   3812343.75       38.49388  (81120624)                347437.09   3812326.00       42.60232  (81121824)           
       347280.72   3812241.00       39.21150  (81121824)                347124.38   3812156.00       37.33471  (81112224)           
       347605.03   3812392.50       40.65857  (81120624)                347694.78   3812416.50       38.55555  (81120624)           
       347784.56   3812440.50       34.73270  (81050924)                347415.00   3812424.75       39.79543  (81121824)           
       347266.00   3812343.75       39.55707  (81121824)                347117.00   3812262.50       36.74624  (81112224)           
       347579.25   3812489.25       37.97455  (81120624)                347669.03   3812513.25       35.05600  (81120624)           
       347758.78   3812537.00       31.99891  (81050924)                347385.09   3812519.00       36.88037  (81121824)           
       347227.81   3812433.50       38.49865  (81121824)                347070.53   3812348.00       35.31704  (81112024)           
       346913.25   3812262.25       32.54592  (81112224)                346755.97   3812176.75       28.81101  (81011824)           
       346627.03   3812059.75       24.52489  (81011824)                347553.50   3812585.75       35.10942  (81120624)           
       347643.25   3812609.75       31.63450  (81120624)                347733.03   3812633.75       29.29911  (81050924)           
       347362.72   3812617.50       35.53994  (81120624)                347212.19   3812535.75       37.28145  (81121824)           
       347061.69   3812453.75       33.91905  (81121824)                346911.19   3812371.75       32.69254  (81112224)           
       346760.69   3812290.00       29.07115  (81112224)                346562.03   3812137.00       24.56384  (81011824)           
       346465.75   3811995.25       17.07502  (81011824)                346369.47   3811853.50       17.02971  (81011324)           
       346273.19   3811711.75       17.69606  (81122624)                347527.72   3812682.50       32.15587  (81120624)           
       347617.50   3812706.50       29.38421  (81050924)                347707.25   3812730.25       26.69842  (81050924)           
       348296.06   3810865.75       87.60471  (81011824)                348357.63   3810799.00       93.65473  (81011824)           
       348419.16   3810732.25      101.03284  (81011824)                348480.72   3810665.75      109.90335  (81011824)           
       348542.25   3810599.00      125.96651  (81120324)                348603.81   3810532.25      149.75354  (81120324)           
       348665.38   3810465.50      175.10747  (81120324)                348323.94   3810961.75      102.41319  (81112224)          



 

 

*** ISCST3 - VERSION 02035 ***    *** LOCALIZED SIGNIFICANCE THRESHOLDS WITH UTILITY CORRIDOR              ***        05/04/06 
                                   ***                                                                      ***        17:45:19 
**MODELOPTs:                                                                                                           PAGE  68 
CONC                    URBAN FLAT  FLGPOL                             NOCALM                                                  
 
                             *** THE   1ST HIGHEST  1-HR AVERAGE CONCENTRATION   VALUES FOR SOURCE GROUP:  ALL      *** 
                                 INCLUDING SOURCE(S):      MMAX3   ,  
 
                                            *** DISCRETE CARTESIAN RECEPTOR POINTS *** 
 
                                       ** CONC OF CO       IN MICROGRAMS/M**3                          ** 
 
     X-COORD (M)  Y-COORD (M)        CONC     (YYMMDDHH)              X-COORD (M)  Y-COORD (M)        CONC     (YYMMDDHH) 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
- - 
       347626.66   3811654.75      808.32837  (81121818)                347785.38   3811716.25      581.99390  (81121818)           
       347875.16   3811740.25      658.35077  (81102818)                347964.91   3811764.00      814.79193  (81102818)           
       347593.97   3811747.75      752.07849  (81121818)                347442.22   3811665.00      755.02588  (81122518)           
       347759.63   3811812.75      475.31009  (81102818)                347849.38   3811836.75      675.83588  (81102818)           
       347939.16   3811860.75      785.15045  (81102818)                347573.13   3811847.00      666.94531  (81121818)           
       347431.22   3811769.75      703.05566  (81122518)                347289.31   3811692.50      709.24420  (81102318)           
       347733.88   3811909.50      513.41754  (81102818)                347823.63   3811933.50      680.87543  (81102818)           
       347913.38   3811957.25      747.35675  (81092918)                347541.47   3811940.25      586.17554  (81121818)           
       347387.72   3811856.75      668.15302  (81121818)                347234.00   3811773.00      676.29230  (81102318)           
       347708.09   3812006.00      541.41748  (81102818)                347797.88   3812030.00      674.89441  (81102818)           
       347887.63   3812054.00      704.84613  (81092918)                347520.13   3812039.25      485.82324  (81121818)           
       347375.28   3811960.50      654.39392  (81121818)                347230.41   3811881.75      644.32751  (81122518)           
       347682.34   3812102.75      559.86823  (81102818)                347772.09   3812126.75      659.74762  (81102818)           
       347861.88   3812150.50      669.73975  (81123017)                347489.19   3812133.25      407.61212  (81121818)           
       347333.97   3812048.75      618.07056  (81121818)                347178.78   3811964.25      618.39600  (81122518)           
       347656.56   3812199.25      568.99744  (81102818)                347746.34   3812223.25      637.34680  (81102818)           
       347836.09   3812247.25      642.29883  (81123017)                347467.44   3812232.00      334.68301  (81091418)           
       347320.28   3812152.00      553.43719  (81121818)                347173.13   3812071.75      569.31421  (81122518)           
       347630.81   3812296.00      569.83221  (81102818)                347720.56   3812320.00      609.58148  (81092918)           
       347810.31   3812343.75      611.62738  (81123017)                347437.09   3812326.00      346.65747  (81102818)           
       347280.72   3812241.00      504.58502  (81121818)                347124.38   3812156.00      552.42657  (81121818)           
       347605.03   3812392.50      563.25238  (81102818)                347694.78   3812416.50      578.54663  (81092918)           
       347784.56   3812440.50      578.78516  (81123017)                347415.00   3812424.75      379.53522  (81102818)           
       347266.00   3812343.75      422.07892  (81121818)                347117.00   3812262.50      546.87970  (81121818)           
       347579.25   3812489.25      550.51605  (81102818)                347669.03   3812513.25      553.79919  (81123017)           
       347758.78   3812537.00      544.82910  (81123017)                347385.09   3812519.00      394.73944  (81102818)           
       347227.81   3812433.50      373.31073  (81121818)                347070.53   3812348.00      522.40344  (81121818)           
       346913.25   3812262.25      519.70337  (81122518)                346755.97   3812176.75      505.07880  (81102318)           
       346627.03   3812059.75      377.25546  (81010918)                347553.50   3812585.75      532.75238  (81102818)           
       347643.25   3812609.75      535.48071  (81123017)                347733.03   3812633.75      510.37131  (81123017)           
       347362.72   3812617.50      415.42752  (81102818)                347212.19   3812535.75      296.40744  (81121818)           
       347061.69   3812453.75      475.16074  (81121818)                346911.19   3812371.75      477.10440  (81121818)           
       346760.69   3812290.00      488.39807  (81102318)                346562.03   3812137.00      350.13171  (81102318)           
       346465.75   3811995.25      488.89725  (81010918)                346369.47   3811853.50      433.68945  (81010918)           
       346273.19   3811711.75      308.62662  (81011318)                347527.72   3812682.50      511.50516  (81092918)           
       347617.50   3812706.50      514.45856  (81123017)                347707.25   3812730.25      476.25677  (81123017)           
       348296.06   3810865.75     1774.54285  (81121818)                348357.63   3810799.00     1942.94189  (81121818)           
       348419.16   3810732.25     2136.71802  (81121818)                348480.72   3810665.75     2362.74341  (81121818)           
       348542.25   3810599.00     2638.12231  (81121818)                348603.81   3810532.25     2988.43115  (81121818)           
       348665.38   3810465.50     3469.03589  (81121818)                348323.94   3810961.75     1384.93542  (81121818)          
 



 

 

*** ISCST3 - VERSION 02035 ***    *** LOCALIZED SIGNIFICANCE THRESHOLDS WITH UTILITY CORRIDOR              ***        05/04/06 
                                   ***                                                                      ***        17:45:19 
**MODELOPTs:                                                                                                           PAGE 126 
CONC                    URBAN FLAT  FLGPOL                             NOCALM                                                  
 
                             *** THE   1ST HIGHEST  8-HR AVERAGE CONCENTRATION   VALUES FOR SOURCE GROUP:  ALL      *** 
                                 INCLUDING SOURCE(S):      MMAX3   ,  
 
                                            *** DISCRETE CARTESIAN RECEPTOR POINTS *** 
 
                                       ** CONC OF CO       IN MICROGRAMS/M**3                          ** 
 
     X-COORD (M)  Y-COORD (M)        CONC     (YYMMDDHH)              X-COORD (M)  Y-COORD (M)        CONC     (YYMMDDHH) 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
- - 
       347626.66   3811654.75      101.04105  (81121824)                347785.38   3811716.25       72.74924  (81121824)           
       347875.16   3811740.25       94.70206  (81102824)                347964.91   3811764.00      117.05524  (81102824)           
       347593.97   3811747.75       94.00981  (81121824)                347442.22   3811665.00       94.37823  (81122524)           
       347759.63   3811812.75       68.79130  (81102824)                347849.38   3811836.75       96.85225  (81102824)           
       347939.16   3811860.75      112.71533  (81102824)                347573.13   3811847.00       83.36816  (81121824)           
       347431.22   3811769.75       87.88196  (81122524)                347289.31   3811692.50       88.65553  (81102324)           
       347733.88   3811909.50       73.82770  (81102824)                347823.63   3811933.50       97.31720  (81102824)           
       347913.38   3811957.25      107.28569  (81102824)                347541.47   3811940.25       73.27194  (81121824)           
       347387.72   3811856.75       83.51913  (81121824)                347234.00   3811773.00       84.53654  (81102324)           
       347708.09   3812006.00       77.47472  (81102824)                347797.88   3812030.00       96.30384  (81102824)           
       347887.63   3812054.00      101.09027  (81102824)                347520.13   3812039.25       60.72791  (81121824)           
       347375.28   3811960.50       81.79924  (81121824)                347230.41   3811881.75       80.54094  (81122524)           
       347682.34   3812102.75       79.82590  (81102824)                347772.09   3812126.75       94.06554  (81102824)           
       347861.88   3812150.50       94.45025  (81102824)                347489.19   3812133.25       50.95152  (81121824)           
       347333.97   3812048.75       77.25882  (81121824)                347178.78   3811964.25       77.29950  (81122524)           
       347656.56   3812199.25       80.91814  (81102824)                347746.34   3812223.25       90.86413  (81102824)           
       347836.09   3812247.25       87.58324  (81102824)                347467.44   3812232.00       46.73273  (81120316)           
       347320.28   3812152.00       69.17965  (81121824)                347173.13   3812071.75       71.16428  (81122524)           
       347630.81   3812296.00       80.89837  (81102824)                347720.56   3812320.00       86.90910  (81102824)           
       347810.31   3812343.75       80.71815  (81102824)                347437.09   3812326.00       49.73038  (81102824)           
       347280.72   3812241.00       63.07313  (81121824)                347124.38   3812156.00       69.05332  (81121824)           
       347605.03   3812392.50       79.89156  (81102824)                347694.78   3812416.50       82.43983  (81102824)           
       347784.56   3812440.50       75.06859  (81123024)                347415.00   3812424.75       54.11604  (81102824)           
       347266.00   3812343.75       52.75986  (81121824)                347117.00   3812262.50       68.35996  (81121824)           
       347579.25   3812489.25       78.06677  (81102824)                347669.03   3812513.25       77.60870  (81102824)           
       347758.78   3812537.00       71.03560  (81123024)                347385.09   3812519.00       56.07526  (81102824)           
       347227.81   3812433.50       46.66384  (81121824)                347070.53   3812348.00       65.30043  (81121824)           
       346913.25   3812262.25       64.96292  (81122524)                346755.97   3812176.75       63.13485  (81102324)           
       346627.03   3812059.75       64.17401  (81120924)                347553.50   3812585.75       75.57715  (81102824)           
       347643.25   3812609.75       72.60713  (81102824)                347733.03   3812633.75       66.93452  (81123024)           
       347362.72   3812617.50       58.80449  (81102824)                347212.19   3812535.75       43.33515  (81120316)           
       347061.69   3812453.75       59.39509  (81121824)                346911.19   3812371.75       59.63805  (81121824)           
       346760.69   3812290.00       61.04976  (81102324)                346562.03   3812137.00       58.18017  (81120924)           
       346465.75   3811995.25       80.14063  (81120924)                346369.47   3811853.50       68.30914  (81120924)           
       346273.19   3811711.75       38.57833  (81011324)                347527.72   3812682.50       72.56000  (81102824)           
       347617.50   3812706.50       67.52472  (81102824)                347707.25   3812730.25       62.86865  (81123024)           
       348296.06   3810865.75      221.81786  (81121824)                348357.63   3810799.00      242.86774  (81121824)           
       348419.16   3810732.25      267.08975  (81121824)                348480.72   3810665.75      301.87183  (81060216)           
       348542.25   3810599.00      362.08951  (81060216)                348603.81   3810532.25      449.23532  (81102824)           
       348665.38   3810465.50      706.92236  (81123024)                348323.94   3810961.75      187.11827  (81102824)           
 



 

 

*** ISCST3 - VERSION 02035 ***    *** LOCALIZED SIGNIFICANCE THRESHOLDS WITH UTILITY CORRIDOR              ***        05/04/06 
                                   ***                                                                      ***        18:02:58 
**MODELOPTs:                                                                                                           PAGE  68 
CONC                    URBAN FLAT  FLGPOL                             NOCALM                                                  
 
                             *** THE   1ST HIGHEST  1-HR AVERAGE CONCENTRATION   VALUES FOR SOURCE GROUP:  ALL      *** 
                                 INCLUDING SOURCE(S):      MMAX3   ,  
 
                                            *** DISCRETE CARTESIAN RECEPTOR POINTS *** 
 
                                       ** CONC OF NOX      IN MICROGRAMS/M**3                          ** 
 
     X-COORD (M)  Y-COORD (M)        CONC     (YYMMDDHH)              X-COORD (M)  Y-COORD (M)        CONC     (YYMMDDHH) 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
- - 
       347626.66   3811654.75      640.82043  (81121818)                347785.38   3811716.25      461.38873  (81121818)           
       347875.16   3811740.25      521.92236  (81102818)                347964.91   3811764.00      645.94458  (81102818)           
       347593.97   3811747.75      596.22711  (81121818)                347442.22   3811665.00      598.56372  (81122518)           
       347759.63   3811812.75      376.81274  (81102818)                347849.38   3811836.75      535.78406  (81102818)           
       347939.16   3811860.75      622.44568  (81102818)                347573.13   3811847.00      528.73584  (81121818)           
       347431.22   3811769.75      557.36316  (81122518)                347289.31   3811692.50      562.26923  (81102318)           
       347733.88   3811909.50      407.02325  (81102818)                347823.63   3811933.50      539.77930  (81102818)           
       347913.38   3811957.25      592.48383  (81092918)                347541.47   3811940.25      464.70380  (81121818)           
       347387.72   3811856.75      529.69330  (81121818)                347234.00   3811773.00      536.14594  (81102318)           
       347708.09   3812006.00      429.22086  (81102818)                347797.88   3812030.00      535.03772  (81102818)           
       347887.63   3812054.00      558.78259  (81092918)                347520.13   3812039.25      385.14728  (81121818)           
       347375.28   3811960.50      518.78546  (81121818)                347230.41   3811881.75      510.80511  (81122518)           
       347682.34   3812102.75      443.84811  (81102818)                347772.09   3812126.75      523.02972  (81102818)           
       347861.88   3812150.50      530.95117  (81123017)                347489.19   3812133.25      323.14365  (81121818)           
       347333.97   3812048.75      489.98929  (81121818)                347178.78   3811964.25      490.24728  (81122518)           
       347656.56   3812199.25      451.08548  (81102818)                347746.34   3812223.25      505.27097  (81102818)           
       347836.09   3812247.25      509.19681  (81123017)                347467.44   3812232.00      265.32745  (81091418)           
       347320.28   3812152.00      438.74976  (81121818)                347173.13   3812071.75      451.33664  (81122518)           
       347630.81   3812296.00      451.74728  (81102818)                347720.56   3812320.00      483.25940  (81092918)           
       347810.31   3812343.75      484.88135  (81123017)                347437.09   3812326.00      274.82050  (81102818)           
       347280.72   3812241.00      400.02112  (81121818)                347124.38   3812156.00      437.94858  (81121818)           
       347605.03   3812392.50      446.53094  (81102818)                347694.78   3812416.50      458.65582  (81092918)           
       347784.56   3812440.50      458.84491  (81123017)                347415.00   3812424.75      300.88507  (81102818)           
       347266.00   3812343.75      334.61255  (81121818)                347117.00   3812262.50      433.55115  (81121818)           
       347579.25   3812489.25      436.43396  (81102818)                347669.03   3812513.25      439.03671  (81123017)           
       347758.78   3812537.00      431.92548  (81123017)                347385.09   3812519.00      312.93854  (81102818)           
       347227.81   3812433.50      295.95047  (81121818)                347070.53   3812348.00      414.14706  (81121818)           
       346913.25   3812262.25      412.00650  (81122518)                346755.97   3812176.75      400.41254  (81102318)           
       346627.03   3812059.75      299.07773  (81010918)                347553.50   3812585.75      422.35141  (81102818)           
       347643.25   3812609.75      424.51434  (81123017)                347733.03   3812633.75      404.60831  (81123017)           
       347362.72   3812617.50      329.33948  (81102818)                347212.19   3812535.75      234.98366  (81121818)           
       347061.69   3812453.75      376.69434  (81121818)                346911.19   3812371.75      378.23520  (81121818)           
       346760.69   3812290.00      387.18854  (81102318)                346562.03   3812137.00      277.57477  (81102318)           
       346465.75   3811995.25      387.58426  (81010918)                346369.47   3811853.50      343.81705  (81010918)           
       346273.19   3811711.75      244.67067  (81011318)                347527.72   3812682.50      405.50720  (81092918)           
       347617.50   3812706.50      407.84857  (81123017)                347707.25   3812730.25      377.56326  (81123017)           
       348296.06   3810865.75     1406.80872  (81121818)                348357.63   3810799.00     1540.31079  (81121818)           
       348419.16   3810732.25     1693.93127  (81121818)                348480.72   3810665.75     1873.11780  (81121818)           
       348542.25   3810599.00     2091.43066  (81121818)                348603.81   3810532.25     2369.14600  (81121818)           
       348665.38   3810465.50     2750.15601  (81121818)                348323.94   3810961.75     1097.93860  (81121818)           



 

 

*** ISCST3 - VERSION 02035 ***    *** LOCALIZED SIGNIFICANCE THRESHOLDS WITH UTILITY CORRIDOR              ***        05/04/06 
                                   ***                                                                      ***        18:42:41 
**MODELOPTs:                                                                                                           PAGE  76 
CONC                    URBAN ELEV  FLGPOL                             NOCALM                                                  
 
                             *** THE   1ST HIGHEST 24-HR AVERAGE CONCENTRATION   VALUES FOR SOURCE GROUP:  ALL      *** 
                                 INCLUDING SOURCE(S):      AREA1   , AREA2   , MMAX4   , FDUST   ,  
 
                                            *** DISCRETE CARTESIAN RECEPTOR POINTS *** 
 
                                       ** CONC OF PARMAT10 IN MICROGRAMS/M**3                          ** 
 
     X-COORD (M)  Y-COORD (M)        CONC     (YYMMDDHH)              X-COORD (M)  Y-COORD (M)        CONC     (YYMMDDHH) 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
- - 
       350105.56   3811049.50       73.19915  (81052024)                350196.59   3811075.25       56.25045  (81052024)           
       349714.28   3811043.25       82.48074  (81110324)                349805.31   3811068.75       56.14944  (81100824)           
       349896.38   3811094.50       60.13795  (81052024)                349987.41   3811120.25       69.52186  (81052024)           
       350078.44   3811145.75       71.28237  (81052024)                350169.50   3811171.50       64.83031  (81052024)           
       349869.25   3811190.75       47.29948  (81100824)                349960.28   3811216.50       49.48959  (81052024)           
       350051.34   3811242.00       58.05243  (81052024)                350142.38   3811267.75       60.90403  (81052024)           
       349842.13   3811287.00       44.88306  (81040124)                349933.16   3811312.75       40.89391  (81100824)           
       350024.22   3811338.25       41.57552  (81052024)                350115.25   3811364.00       49.12851  (81052024)           
       349997.09   3811434.50       35.94719  (81100824)                350088.16   3811460.25       36.21637  (81100824)           
       349780.19   3812204.50       37.26223  (81110324)                349871.25   3812230.25       34.03411  (81110324)           
       349753.09   3812300.75       35.29784  (81110324)                349844.13   3812326.50       33.38798  (81110324)           
       349543.88   3812345.75       33.04190  (81110324)                349634.91   3812371.50       33.29230  (81110324)           
       349725.97   3812397.00       33.07277  (81110324)                349817.00   3812422.75       32.11946  (81110324)           
       349425.72   3812416.50       29.36454  (81110324)                349516.75   3812442.00       30.47916  (81110324)           
       349607.81   3812467.75       30.79165  (81110324)                349698.84   3812493.25       30.80611  (81110324)           
       349789.91   3812519.00       30.45559  (81110324)                349307.56   3812487.00       24.70627  (81110324)           
       349398.59   3812512.75       27.11057  (81110324)                349489.66   3812538.25       28.25809  (81110324)           
       349580.69   3812564.00       28.55874  (81110324)                349671.75   3812589.50       28.62547  (81110324)           
       349762.78   3812615.25       28.60136  (81110324)                350400.69   3810881.75       39.55521  (81121524)           
       350477.63   3810936.75       35.56195  (81121524)                350554.56   3810992.00       32.19162  (81121524)           
       350631.50   3811047.25       29.33380  (81121524)                350708.44   3811102.25       26.88220  (81121524)           
       350785.38   3811157.50       24.75102  (81121524)                350862.31   3811212.50       22.91977  (81022424)           
       350939.25   3811267.75       21.52954  (81022424)                351016.19   3811322.75       20.29826  (81022424)           
       351093.13   3811378.00       19.18467  (81022424)                351170.06   3811433.00       18.18595  (81022424)           
       351247.00   3811488.25       17.28269  (81022424)                351323.94   3811543.50       16.46073  (81022424)           
       350342.44   3810963.00       37.67170  (81040824)                350419.38   3811018.25       33.57656  (81040824)           
       350496.31   3811073.25       30.02429  (81040824)                350573.25   3811128.50       26.96075  (81040824)           
       350650.19   3811183.50       24.29241  (81040824)                350727.13   3811238.75       22.49215  (81121524)           
       350804.06   3811293.75       21.10041  (81121524)                350881.00   3811349.00       19.83674  (81121524)           
       350957.94   3811404.00       18.69555  (81121524)                351034.88   3811459.25       17.65428  (81121524)           
       351111.81   3811514.50       16.70120  (81121524)                351188.75   3811569.50       15.83048  (81121524)           
       351265.69   3811624.75       15.03088  (81121524)                350361.13   3811099.50       37.92879  (81091124)           
       350438.06   3811154.50       34.07727  (81091124)                350515.00   3811209.75       30.60025  (81091124)           
       350591.94   3811264.75       27.48832  (81091124)                350668.88   3811320.00       25.12169  (81040824)           
       350745.81   3811375.00       23.35481  (81040824)                350822.75   3811430.25       21.71552  (81040824)           
       350899.69   3811485.50       20.20191  (81040824)                350976.63   3811540.50       18.80738  (81040824)           
       351053.56   3811595.75       17.52861  (81040824)                351130.50   3811650.75       16.35262  (81040824)           
       351207.44   3811706.00       15.27787  (81040824)                350302.88   3811180.75       44.21440  (81052024)           
       350379.81   3811235.75       35.64573  (81052024)                350456.75   3811291.00       30.45369  (81091124)           
       350533.69   3811346.25       28.56319  (81091124)                350610.63   3811401.25       26.65526  (81091124)           
 



 

 

*** ISCST3 - VERSION 02035 ***    *** LOCALIZED SIGNIFICANCE THRESHOLDS WITH UTILITY CORRIDOR              ***        05/04/06 
                                   ***                                                                      ***        17:52:36 
**MODELOPTs:                                                                                                           PAGE  74 
CONC                    URBAN FLAT  FLGPOL                             NOCALM                                                  
 
                             *** THE   1ST HIGHEST  1-HR AVERAGE CONCENTRATION   VALUES FOR SOURCE GROUP:  ALL      *** 
                                 INCLUDING SOURCE(S):      MMAX5   ,  
 
                                            *** DISCRETE CARTESIAN RECEPTOR POINTS *** 
 
                                       ** CONC OF CO       IN MICROGRAMS/M**3                          ** 
 
     X-COORD (M)  Y-COORD (M)        CONC     (YYMMDDHH)              X-COORD (M)  Y-COORD (M)        CONC     (YYMMDDHH) 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
- - 
       350687.56   3811456.50     1367.22534  (81010817)                350764.50   3811511.50     1223.98291  (81110617)           
       350841.44   3811566.75     1221.18518  (81110617)                350918.38   3811621.75     1173.43823  (81110617)           
       350995.31   3811677.00     1092.06323  (81110617)                351072.25   3811732.00     1011.66119  (81111217)           
       351149.19   3811787.25      969.51654  (81111217)                350244.63   3811262.00     1787.23413  (81110418)           
       350321.56   3811317.25     1473.44080  (81110418)                350398.50   3811372.25     1225.33618  (81012818)           
       350475.44   3811427.50     1140.93750  (81010817)                350552.38   3811482.50     1278.15039  (81010817)           
       350629.31   3811537.75     1326.03552  (81010817)                350706.25   3811592.75     1283.90076  (81010817)           
       350783.19   3811648.00     1168.36182  (81010817)                350860.13   3811703.00     1008.04376  (81010817)           
       350937.06   3811758.25      964.06335  (81110617)                351014.00   3811813.50      967.21027  (81110617)           
       351090.94   3811868.50      940.93762  (81110617)                350263.31   3811398.50     1570.14453  (81110418)           
       350340.25   3811453.50     1335.80859  (81110418)                350417.19   3811508.75     1073.09863  (81010117)           
       350494.13   3811563.75     1014.68610  (81012818)                350571.06   3811619.00      930.33380  (81010817)           
       350648.00   3811674.00     1046.62744  (81010817)                350724.94   3811729.25     1097.80090  (81010817)           
       350801.88   3811784.50     1082.31091  (81010817)                350878.81   3811839.50     1011.10028  (81010817)           
       350955.75   3811894.75      901.01947  (81010817)                351032.69   3811949.75      771.10065  (81010817)           
       350205.06   3811479.75     1393.22119  (81110418)                350282.00   3811534.75     1394.91003  (81110418)           
       350358.91   3811590.00     1222.03870  (81110418)                350435.88   3811645.00      934.14532  (81010117)           
       350512.81   3811700.25      901.52496  (81012818)                350589.75   3811755.50      844.75116  (81012818)           
       350666.69   3811810.50      777.77820  (81010817)                350743.63   3811865.75      875.82159  (81010817)           
       350820.56   3811920.75      926.59192  (81010817)                350897.50   3811976.00      927.27893  (81010817)           
       350974.44   3812031.00      884.30731  (81010817)                350146.81   3811561.00     1342.13550  (81010109)           
       350223.72   3811616.00     1221.21008  (81110418)                350300.66   3811671.25     1247.92896  (81110418)           
       350377.63   3811726.50     1123.79114  (81110418)                350454.56   3811781.50      884.05243  (81110418)           
       350531.50   3811836.75      814.29761  (81010117)                350608.44   3811891.75      777.38092  (81012818)           
       350685.38   3811947.00      709.33527  (81012818)                350762.31   3812002.00      663.15424  (81010817)           
       350839.25   3812057.25      746.44739  (81010817)                350916.19   3812112.25      794.72375  (81010817)           
       350319.38   3811807.75     1122.09973  (81110418)                350396.31   3811862.75     1036.90247  (81110418)           
       350473.25   3811918.00      848.13971  (81110418)                350550.16   3811973.00      724.62286  (81010117)           
       350627.13   3812028.25      704.53070  (81010117)                350704.06   3812083.25      671.98431  (81012818)           
       350781.00   3812138.50      601.87750  (81012818)                350857.94   3812193.75      573.77454  (81010817)           
       350338.03   3811944.00     1013.17438  (81110418)                350414.97   3811999.25      958.56580  (81110418)           
       350491.91   3812054.25      810.86859  (81110418)                350568.88   3812109.50      636.31366  (81010117)           
       350645.81   3812164.75      646.41766  (81010117)                350722.75   3812219.75      620.07166  (81012818)           
       350799.69   3812275.00      583.78870  (81012818)                350279.78   3812025.50      871.63977  (81010109)           
       350356.72   3812080.50      918.08612  (81110418)                350433.66   3812135.75      887.49609  (81110418)           
       350510.63   3812190.75      773.26172  (81110418)                350587.56   3812246.00      609.65509  (81110418)           
       350664.50   3812301.00      584.34564  (81010117)                350741.41   3812356.25      572.76257  (81010117)           
       350221.53   3812106.75      909.80627  (81010109)                350298.47   3812161.75      797.10107  (81010109)           
       350375.41   3812217.00      834.58722  (81110418)                350452.38   3812272.00      822.73932  (81110418)           
       350529.28   3812327.25      735.63708  (81110418)                350606.22   3812382.25      599.58759  (81110418)           



 

 

*** ISCST3 - VERSION 02035 ***    *** LOCALIZED SIGNIFICANCE THRESHOLDS WITH UTILITY CORRIDOR              ***        05/04/06 
                                   ***                                                                      ***        17:52:36 
**MODELOPTs:                                                                                                           PAGE 132 
CONC                    URBAN FLAT  FLGPOL                             NOCALM                                                  
 
                             *** THE   1ST HIGHEST  8-HR AVERAGE CONCENTRATION   VALUES FOR SOURCE GROUP:  ALL      *** 
                                 INCLUDING SOURCE(S):      MMAX5   ,  
 
                                            *** DISCRETE CARTESIAN RECEPTOR POINTS *** 
 
                                       ** CONC OF CO       IN MICROGRAMS/M**3                          ** 
 
     X-COORD (M)  Y-COORD (M)        CONC     (YYMMDDHH)              X-COORD (M)  Y-COORD (M)        CONC     (YYMMDDHH) 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
- - 
       350687.56   3811456.50      170.90317  (81010824)                350764.50   3811511.50      152.99786  (81110624)           
       350841.44   3811566.75      152.64815  (81110624)                350918.38   3811621.75      146.67978  (81110624)           
       350995.31   3811677.00      136.50790  (81110624)                351072.25   3811732.00      126.90885  (81111224)           
       351149.19   3811787.25      121.76389  (81111224)                350244.63   3811262.00      243.49524  (81010116)           
       350321.56   3811317.25      185.08791  (81040116)                350398.50   3811372.25      182.03152  (81040116)           
       350475.44   3811427.50      168.59827  (81040116)                350552.38   3811482.50      159.76880  (81010824)           
       350629.31   3811537.75      165.75444  (81010824)                350706.25   3811592.75      160.48759  (81010824)           
       350783.19   3811648.00      146.04523  (81010824)                350860.13   3811703.00      126.00547  (81010824)           
       350937.06   3811758.25      120.50792  (81110624)                351014.00   3811813.50      120.90128  (81110624)           
       351090.94   3811868.50      117.61720  (81110624)                350263.31   3811398.50      205.92622  (81010116)           
       350340.25   3811453.50      166.97607  (81110424)                350417.19   3811508.75      142.98212  (81040116)           
       350494.13   3811563.75      137.74451  (81040116)                350571.06   3811619.00      127.30431  (81040116)           
       350648.00   3811674.00      130.82843  (81010824)                350724.94   3811729.25      137.22511  (81010824)           
       350801.88   3811784.50      135.28886  (81010824)                350878.81   3811839.50      126.38754  (81010824)           
       350955.75   3811894.75      112.62743  (81010824)                351032.69   3811949.75       96.38758  (81010824)           
       350205.06   3811479.75      232.80600  (81010116)                350282.00   3811534.75      178.61185  (81010116)           
       350358.91   3811590.00      152.75484  (81110424)                350435.88   3811645.00      116.76817  (81010124)           
       350512.81   3811700.25      112.95525  (81040116)                350589.75   3811755.50      107.74803  (81040116)           
       350666.69   3811810.50       99.83820  (81040116)                350743.63   3811865.75      109.47770  (81010824)           
       350820.56   3811920.75      115.82399  (81010824)                350897.50   3811976.00      115.90987  (81010824)           
       350974.44   3812031.00      110.53841  (81010824)                350146.81   3811561.00      225.99571  (81010116)           
       350223.72   3811616.00      203.88036  (81010116)                350300.66   3811671.25      158.02663  (81010116)           
       350377.63   3811726.50      140.47389  (81110424)                350454.56   3811781.50      110.50655  (81110424)           
       350531.50   3811836.75      101.78720  (81010124)                350608.44   3811891.75       97.18406  (81012824)           
       350685.38   3811947.00       88.68815  (81012824)                350762.31   3812002.00       82.89428  (81010824)           
       350839.25   3812057.25       93.30592  (81010824)                350916.19   3812112.25       99.34047  (81010824)           
       350319.38   3811807.75      142.03850  (81010116)                350396.31   3811862.75      129.61281  (81110424)           
       350473.25   3811918.00      106.01746  (81110424)                350550.16   3811973.00       90.57786  (81010124)           
       350627.13   3812028.25       88.06634  (81010124)                350704.06   3812083.25       84.00467  (81012824)           
       350781.00   3812138.50       75.24727  (81012824)                350857.94   3812193.75       71.72182  (81010824)           
       350338.03   3811944.00      129.38583  (81010116)                350414.97   3811999.25      119.82072  (81110424)           
       350491.91   3812054.25      101.35857  (81110424)                350568.88   3812109.50       79.53921  (81010124)           
       350645.81   3812164.75       80.80221  (81010124)                350722.75   3812219.75       77.51096  (81012824)           
       350799.69   3812275.00       72.97752  (81012824)                350279.78   3812025.50      148.19556  (81010116)           
       350356.72   3812080.50      119.10957  (81010116)                350433.66   3812135.75      110.93701  (81110424)           
       350510.63   3812190.75       96.65771  (81110424)                350587.56   3812246.00       76.20689  (81110424)           
       350664.50   3812301.00       73.04321  (81010124)                350741.41   3812356.25       71.59532  (81010124)           
       350221.53   3812106.75      150.49057  (81010116)                350298.47   3812161.75      136.00629  (81010116)           
       350375.41   3812217.00      110.59169  (81010116)                350452.38   3812272.00      102.84241  (81110424)           
       350529.28   3812327.25       91.95464  (81110424)                350606.22   3812382.25       74.94845  (81110424)  



 

 

*** ISCST3 - VERSION 02035 ***    *** LOCALIZED SIGNIFICANCE THRESHOLDS WITH UTILITY CORRIDOR              ***        05/04/06 
                                   ***                                                                      ***        18:07:50 
**MODELOPTs:                                                                                                           PAGE  74 
CONC                    URBAN FLAT  FLGPOL                             NOCALM                                                  
 
                             *** THE   1ST HIGHEST  1-HR AVERAGE CONCENTRATION   VALUES FOR SOURCE GROUP:  ALL      *** 
                                 INCLUDING SOURCE(S):      MMAX5   ,  
 
                                            *** DISCRETE CARTESIAN RECEPTOR POINTS *** 
 
                                       ** CONC OF NOX      IN MICROGRAMS/M**3                          ** 
 
     X-COORD (M)  Y-COORD (M)        CONC     (YYMMDDHH)              X-COORD (M)  Y-COORD (M)        CONC     (YYMMDDHH) 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
- - 
       350687.56   3811456.50     1084.20471  (81010817)                350764.50   3811511.50      970.61389  (81110617)           
       350841.44   3811566.75      968.39539  (81110617)                350918.38   3811621.75      930.53217  (81110617)           
       350995.31   3811677.00      866.00214  (81110617)                351072.25   3811732.00      802.24359  (81111217)           
       351149.19   3811787.25      768.82306  (81111217)                350244.63   3811262.00     1417.27014  (81110418)           
       350321.56   3811317.25     1168.43311  (81110418)                350398.50   3811372.25      971.68707  (81012818)           
       350475.44   3811427.50      904.75922  (81010817)                350552.38   3811482.50     1013.56860  (81010817)           
       350629.31   3811537.75     1051.54138  (81010817)                350706.25   3811592.75     1018.12854  (81010817)           
       350783.19   3811648.00      926.50665  (81010817)                350860.13   3811703.00      799.37500  (81010817)           
       350937.06   3811758.25      764.49866  (81110617)                351014.00   3811813.50      766.99414  (81110617)           
       351090.94   3811868.50      746.16010  (81110617)                350263.31   3811398.50     1245.11877  (81110418)           
       350340.25   3811453.50     1059.29126  (81110418)                350417.19   3811508.75      850.96326  (81010117)           
       350494.13   3811563.75      804.64233  (81012818)                350571.06   3811619.00      737.75128  (81010817)           
       350648.00   3811674.00      829.97168  (81010817)                350724.94   3811729.25      870.55212  (81010817)           
       350801.88   3811784.50      858.26855  (81010817)                350878.81   3811839.50      801.79877  (81010817)           
       350955.75   3811894.75      714.50513  (81010817)                351032.69   3811949.75      611.47998  (81010817)           
       350205.06   3811479.75     1104.81934  (81110418)                350282.00   3811534.75     1106.15857  (81110418)           
       350358.91   3811590.00      969.07227  (81110418)                350435.88   3811645.00      740.77380  (81010117)           
       350512.81   3811700.25      714.90594  (81012818)                350589.75   3811755.50      669.88458  (81012818)           
       350666.69   3811810.50      616.77527  (81010817)                350743.63   3811865.75      694.52332  (81010817)           
       350820.56   3811920.75      734.78400  (81010817)                350897.50   3811976.00      735.32880  (81010817)           
       350974.44   3812031.00      701.25244  (81010817)                350146.81   3811561.00     1064.30859  (81010109)           
       350223.72   3811616.00      968.41510  (81110418)                350300.66   3811671.25      989.60309  (81110418)           
       350377.63   3811726.50      891.16223  (81110418)                350454.56   3811781.50      701.05029  (81110418)           
       350531.50   3811836.75      645.73499  (81010117)                350608.44   3811891.75      616.46021  (81012818)           
       350685.38   3811947.00      562.50031  (81012818)                350762.31   3812002.00      525.87891  (81010817)           
       350839.25   3812057.25      591.93005  (81010817)                350916.19   3812112.25      630.21301  (81010817)           
       350319.38   3811807.75      889.82098  (81110418)                350396.31   3811862.75      822.25989  (81110418)           
       350473.25   3811918.00      672.57166  (81110418)                350550.16   3811973.00      574.62323  (81010117)           
       350627.13   3812028.25      558.69025  (81010117)                350704.06   3812083.25      532.88110  (81012818)           
       350781.00   3812138.50      477.28665  (81012818)                350857.94   3812193.75      455.00110  (81010817)           
       350338.03   3811944.00      803.44354  (81110418)                350414.97   3811999.25      760.13916  (81110418)           
       350491.91   3812054.25      643.01581  (81110418)                350568.88   3812109.50      504.59442  (81010117)           
       350645.81   3812164.75      512.60681  (81010117)                350722.75   3812219.75      491.71451  (81012818)           
       350799.69   3812275.00      462.94229  (81012818)                350279.78   3812025.50      691.20715  (81010109)           
       350356.72   3812080.50      728.03888  (81110418)                350433.66   3812135.75      703.78113  (81110418)           
       350510.63   3812190.75      613.19373  (81110418)                350587.56   3812246.00      483.45425  (81110418)           
       350664.50   3812301.00      463.38394  (81010117)                350741.41   3812356.25      454.19861  (81010117)           
       350221.53   3812106.75      721.47302  (81010109)                350298.47   3812161.75      632.09821  (81010109)           
       350375.41   3812217.00      661.82458  (81110418)                350452.38   3812272.00      652.42926  (81110418)           
       350529.28   3812327.25      583.35748  (81110418)                350606.22   3812382.25      475.47076  (81110418)           



 

 

*** ISCST3 - VERSION 02035 ***    *** LOCALIZED SIGNIFICANCE THRESHOLDS WITH UTILITY CORRIDOR              ***        05/04/06 
                                   ***                                                                      ***        18:42:41 
**MODELOPTs:                                                                                                           PAGE  81 
CONC                    URBAN ELEV  FLGPOL                             NOCALM                                                  
 
                             *** THE   1ST HIGHEST 24-HR AVERAGE CONCENTRATION   VALUES FOR SOURCE GROUP:  ALL      *** 
                                 INCLUDING SOURCE(S):      AREA1   , AREA2   , MMAX4   , FDUST   ,  
 
                                            *** DISCRETE CARTESIAN RECEPTOR POINTS *** 
 
                                       ** CONC OF PARMAT10 IN MICROGRAMS/M**3                          ** 
 
     X-COORD (M)  Y-COORD (M)        CONC     (YYMMDDHH)              X-COORD (M)  Y-COORD (M)        CONC     (YYMMDDHH) 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
- - 
       351137.25   3812921.25       16.14313  (81052024)                351221.50   3812967.00       16.34660  (81052024)           
       351305.72   3813012.50       16.35024  (81052024)                351389.97   3813058.00       16.16867  (81052024)           
       351474.19   3813103.75       15.81066  (81052024)                351558.44   3813149.25       15.29916  (81052024)           
       351642.69   3813194.75       14.64612  (81052024)                351726.91   3813240.25       13.88247  (81052024)           
       351811.16   3813286.00       13.02132  (81052024)                350588.44   3812731.50       13.67566  (81100824)           
       350668.47   3812781.50       13.54616  (81100824)                350752.72   3812827.00       13.10821  (81100824)           
       350836.94   3812872.50       12.41710  (81100824)                350921.19   3812918.25       12.30259  (81052024)           
       351005.44   3812963.75       13.22211  (81052024)                351089.66   3813009.25       13.95037  (81052024)           
       351173.91   3813054.75       14.47810  (81052024)                351258.13   3813100.50       14.82160  (81052024)           
       351342.38   3813146.00       14.99209  (81052024)                351426.63   3813191.50       15.00355  (81052024)           
       351510.88   3813237.25       14.86106  (81052024)                351595.09   3813282.75       14.57701  (81052024)           
       351679.34   3813328.25       14.16154  (81052024)                351763.56   3813373.75       13.62739  (81052024)           
       350563.97   3812833.75       12.24389  (81100824)                350705.13   3812915.00       12.59879  (81100824)           
       350789.38   3812960.50       12.32517  (81100824)                350873.63   3813006.00       11.78564  (81100824)           
       350957.84   3813051.75       11.08601  (81100824)                351042.09   3813097.25       11.61481  (81052024)           
       351126.31   3813142.75       12.36989  (81052024)                351210.56   3813188.50       12.95627  (81052024)           
       351294.81   3813234.00       13.38850  (81052024)                351379.03   3813279.50       13.67218  (81052024)           
       351463.28   3813325.00       13.81575  (81052024)                351547.50   3813370.75       13.83074  (81052024)           
       351631.75   3813416.25       13.72072  (81052024)                351716.00   3813461.75       13.49699  (81052024)           
       350512.84   3812919.50       11.41281  (81091924)                350657.56   3813003.00       11.50303  (81100824)           
       350741.78   3813048.50       11.71999  (81100824)                350826.03   3813094.00       11.58576  (81100824)           
       350910.25   3813139.75       11.18084  (81100824)                350994.50   3813185.25       10.60059  (81100824)           
       351078.75   3813230.75       10.21298  (81052024)                351162.97   3813276.25       10.96671  (81052024)           
       351247.22   3813322.00       11.58457  (81052024)                351331.47   3813367.50       12.06911  (81052024)           
       351415.69   3813413.00       12.42342  (81052024)                351499.94   3813458.75       12.65887  (81052024)           
       351584.16   3813504.25       12.78368  (81052024)                351668.41   3813549.75       12.80352  (81052024)           
       350461.69   3813005.25       11.78056  (81012824)                350609.97   3813090.75       10.78012  (81091924)           
       350694.19   3813136.50       10.68447  (81091924)                350778.44   3813182.00       10.90687  (81100824)           
       350862.69   3813227.50       10.89114  (81100824)                350946.91   3813273.25       10.60623  (81100824)           
       351031.16   3813318.75       10.13522  (81100824)                351115.41   3813364.25        9.55598  (81100824)           
       351199.63   3813409.75        9.73474  (81052024)                351283.88   3813455.50       10.35720  (81052024)           
       351368.13   3813501.00       10.87235  (81052024)                351452.34   3813546.50       11.27095  (81052024)           
       351536.59   3813592.25       11.56583  (81052024)                351620.84   3813637.75       11.76579  (81052024)           
       350410.56   3813091.00       11.96780  (81102424)                350562.38   3813178.75       10.56862  (81012824)           
       350646.63   3813224.50       10.08630  (81091924)                350730.88   3813270.00       10.13109  (81091924)           
       350815.09   3813315.50       10.15265  (81100824)                350899.34   3813361.00       10.23567  (81100824)           
       350983.59   3813406.75       10.05719  (81100824)                351067.81   3813452.25        9.68692  (81100824)           
       351152.06   3813497.75        9.19163  (81100824)                351236.28   3813543.50        8.64065  (81052024)           
       351320.53   3813589.00        9.26912  (81052024)                351404.78   3813634.50        9.79267  (81052024)           
       351489.00   3813680.00       10.21904  (81052024)                351573.25   3813725.75       10.55204  (81052024)           



 

 

*** ISCST3 - VERSION 02035 ***    *** LOCALIZED SIGNIFICANCE THRESHOLDS WITH UTILITY CORRIDOR              ***        05/04/06 
                                   ***                                                                      ***        17:55:03 
**MODELOPTs:                                                                                                           PAGE  78 
CONC                    URBAN FLAT  FLGPOL                             NOCALM                                                  
 
                             *** THE   1ST HIGHEST  1-HR AVERAGE CONCENTRATION   VALUES FOR SOURCE GROUP:  ALL      *** 
                                 INCLUDING SOURCE(S):      MMAX4   ,  
 
                                            *** DISCRETE CARTESIAN RECEPTOR POINTS *** 
 
                                       ** CONC OF CO       IN MICROGRAMS/M**3                          ** 
 
     X-COORD (M)  Y-COORD (M)        CONC     (YYMMDDHH)              X-COORD (M)  Y-COORD (M)        CONC     (YYMMDDHH) 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
- - 
       351137.25   3812921.25      423.62610  (81010817)                351221.50   3812967.00      373.24118  (81010817)           
       351305.72   3813012.50      342.15247  (81110617)                351389.97   3813058.00      367.84460  (81110617)           
       351474.19   3813103.75      384.63330  (81110617)                351558.44   3813149.25      392.42184  (81110617)           
       351642.69   3813194.75      391.28409  (81110617)                351726.91   3813240.25      381.95496  (81110617)           
       351811.16   3813286.00      365.64822  (81110617)                350588.44   3812731.50      347.02457  (81012818)           
       350668.47   3812781.50      341.88116  (81010817)                350752.72   3812827.00      397.03619  (81010817)           
       350836.94   3812872.50      438.14774  (81010817)                350921.19   3812918.25      461.65338  (81010817)           
       351005.44   3812963.75      466.31885  (81010817)                351089.66   3813009.25      453.05017  (81010817)           
       351173.91   3813054.75      424.64697  (81010817)                351258.13   3813100.50      385.15796  (81010817)           
       351342.38   3813146.00      338.87552  (81010817)                351426.63   3813191.50      315.96207  (81110617)           
       351510.88   3813237.25      339.52402  (81110617)                351595.09   3813282.75      355.82449  (81110617)           
       351679.34   3813328.25      364.29514  (81110617)                351763.56   3813373.75      364.96829  (81110617)           
       350563.97   3812833.75      373.37595  (81012818)                350705.13   3812915.00      291.54099  (81012818)           
       350789.38   3812960.50      343.49207  (81010817)                350873.63   3813006.00      388.37595  (81010817)           
       350957.84   3813051.75      419.64648  (81010817)                351042.09   3813097.25      434.91269  (81010817)           
       351126.31   3813142.75      433.75156  (81010817)                351210.56   3813188.50      417.53217  (81010817)           
       351294.81   3813234.00      388.95920  (81010817)                351379.03   3813279.50      351.58255  (81010817)           
       351463.28   3813325.00      309.02472  (81010817)                351547.50   3813370.75      292.92621  (81110617)           
       351631.75   3813416.25      314.86697  (81110617)                351716.00   3813461.75      330.52850  (81110617)           
       350512.84   3812919.50      380.39960  (81012818)                350657.56   3813003.00      336.30090  (81012818)           
       350741.78   3813048.50      290.92624  (81012818)                350826.03   3813094.00      295.19458  (81010817)           
       350910.25   3813139.75      341.16617  (81010817)                350994.50   3813185.25      377.34412  (81010817)           
       351078.75   3813230.75      400.51984  (81010817)                351162.97   3813276.25      409.29248  (81010817)           
       351247.22   3813322.00      403.82745  (81010817)                351331.47   3813367.50      385.78046  (81010817)           
       351415.69   3813413.00      357.52222  (81010817)                351499.94   3813458.75      322.30270  (81010817)           
       351584.16   3813504.25      283.12585  (81010817)                351668.41   3813549.75      272.76169  (81110617)           
       350461.69   3813005.25      370.49197  (81010117)                350609.97   3813090.75      352.05743  (81012818)           
       350694.19   3813136.50      327.22067  (81012818)                350778.44   3813182.00      288.67938  (81012818)           
       350862.69   3813227.50      252.34503  (81010817)                350946.91   3813273.25      297.64441  (81010817)           
       351031.16   3813318.75      336.25220  (81010817)                351115.41   3813364.25      364.87125  (81010817)           
       351199.63   3813409.75      381.35046  (81010817)                351283.88   3813455.50      384.98792  (81010817)           
       351368.13   3813501.00      376.41788  (81010817)                351452.34   3813546.50      357.16141  (81010817)           
       351536.59   3813592.25      329.66708  (81010817)                351620.84   3813637.75      296.51086  (81010817)           
       350410.56   3813091.00      343.21326  (81010117)                350562.38   3813178.75      342.06357  (81010117)           
       350646.63   3813224.50      335.93979  (81012818)                350730.88   3813270.00      317.30060  (81012818)           
       350815.09   3813315.50      285.03610  (81012818)                350899.34   3813361.00      244.31369  (81012818)           
       350983.59   3813406.75      258.16174  (81010817)                351067.81   3813452.25      297.40900  (81010817)           
       351152.06   3813497.75      329.31052  (81010817)                351236.28   3813543.50      351.38632  (81010817)           
       351320.53   3813589.00      362.47391  (81010817)                351404.78   3813634.50      362.21384  (81010817)           
       351489.00   3813680.00      351.34836  (81010817)                351573.25   3813725.75      331.52121  (81010817)          



 

 

*** ISCST3 - VERSION 02035 ***    *** LOCALIZED SIGNIFICANCE THRESHOLDS WITH UTILITY CORRIDOR              ***        05/04/06 
                                   ***                                                                      ***        17:55:03 
**MODELOPTs:                                                                                                           PAGE 136 
CONC                    URBAN FLAT  FLGPOL                             NOCALM                                                  
 
                             *** THE   1ST HIGHEST  8-HR AVERAGE CONCENTRATION   VALUES FOR SOURCE GROUP:  ALL      *** 
                                 INCLUDING SOURCE(S):      MMAX4   ,  
 
                                            *** DISCRETE CARTESIAN RECEPTOR POINTS *** 
 
                                       ** CONC OF CO       IN MICROGRAMS/M**3                          ** 
 
     X-COORD (M)  Y-COORD (M)        CONC     (YYMMDDHH)              X-COORD (M)  Y-COORD (M)        CONC     (YYMMDDHH) 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
- - 
       351137.25   3812921.25       52.95326  (81010824)                351221.50   3812967.00       46.65515  (81010824)           
       351305.72   3813012.50       42.76906  (81110624)                351389.97   3813058.00       45.98058  (81110624)           
       351474.19   3813103.75       48.07916  (81110624)                351558.44   3813149.25       49.05273  (81110624)           
       351642.69   3813194.75       48.91051  (81110624)                351726.91   3813240.25       47.74437  (81110624)           
       351811.16   3813286.00       45.70603  (81110624)                350588.44   3812731.50       43.37958  (81012824)           
       350668.47   3812781.50       42.73515  (81010824)                350752.72   3812827.00       49.62952  (81010824)           
       350836.94   3812872.50       54.76847  (81010824)                350921.19   3812918.25       57.70667  (81010824)           
       351005.44   3812963.75       58.28986  (81010824)                351089.66   3813009.25       56.63127  (81010824)           
       351173.91   3813054.75       53.08087  (81010824)                351258.13   3813100.50       48.14474  (81010824)           
       351342.38   3813146.00       42.35944  (81010824)                351426.63   3813191.50       39.49526  (81110624)           
       351510.88   3813237.25       42.44050  (81110624)                351595.09   3813282.75       44.47806  (81110624)           
       351679.34   3813328.25       45.53689  (81110624)                351763.56   3813373.75       45.62104  (81110624)           
       350563.97   3812833.75       46.67206  (81012824)                350705.13   3812915.00       36.44388  (81012824)           
       350789.38   3812960.50       42.93651  (81010824)                350873.63   3813006.00       48.54699  (81010824)           
       350957.84   3813051.75       52.45581  (81010824)                351042.09   3813097.25       54.36409  (81010824)           
       351126.31   3813142.75       54.21894  (81010824)                351210.56   3813188.50       52.19152  (81010824)           
       351294.81   3813234.00       48.61990  (81010824)                351379.03   3813279.50       43.94782  (81010824)           
       351463.28   3813325.00       38.62809  (81010824)                351547.50   3813370.75       36.61578  (81110624)           
       351631.75   3813416.25       39.35837  (81110624)                351716.00   3813461.75       41.31606  (81110624)           
       350512.84   3812919.50       47.54995  (81012824)                350657.56   3813003.00       42.03761  (81012824)           
       350741.78   3813048.50       36.36619  (81012824)                350826.03   3813094.00       36.89932  (81010824)           
       350910.25   3813139.75       42.64577  (81010824)                350994.50   3813185.25       47.16801  (81010824)           
       351078.75   3813230.75       50.06498  (81010824)                351162.97   3813276.25       51.16156  (81010824)           
       351247.22   3813322.00       50.47843  (81010824)                351331.47   3813367.50       48.22256  (81010824)           
       351415.69   3813413.00       44.69028  (81010824)                351499.94   3813458.75       40.28784  (81010824)           
       351584.16   3813504.25       35.39073  (81010824)                351668.41   3813549.75       34.09521  (81110624)           
       350461.69   3813005.25       46.31150  (81010124)                350609.97   3813090.75       44.00718  (81012824)           
       350694.19   3813136.50       40.90258  (81012824)                350778.44   3813182.00       36.08492  (81012824)           
       350862.69   3813227.50       31.54313  (81010824)                350946.91   3813273.25       37.20555  (81010824)           
       351031.16   3813318.75       42.03152  (81010824)                351115.41   3813364.25       45.60891  (81010824)           
       351199.63   3813409.75       47.66881  (81010824)                351283.88   3813455.50       48.12349  (81010824)           
       351368.13   3813501.00       47.05223  (81010824)                351452.34   3813546.50       44.64518  (81010824)           
       351536.59   3813592.25       41.20839  (81010824)                351620.84   3813637.75       37.06386  (81010824)           
       350410.56   3813091.00       42.90166  (81010124)                350562.38   3813178.75       42.75795  (81010124)           
       350646.63   3813224.50       41.99247  (81012824)                350730.88   3813270.00       39.66257  (81012824)           
       350815.09   3813315.50       35.62951  (81012824)                350899.34   3813361.00       30.53921  (81012824)           
       350983.59   3813406.75       32.27022  (81010824)                351067.81   3813452.25       37.17612  (81010824)           
       351152.06   3813497.75       41.16381  (81010824)                351236.28   3813543.50       43.92329  (81010824)           
       351320.53   3813589.00       45.30924  (81010824)                351404.78   3813634.50       45.27673  (81010824)           
       351489.00   3813680.00       43.91854  (81010824)                351573.25   3813725.75       41.44015  (81010824)     



 

 

*** ISCST3 - VERSION 02035 ***    *** LOCALIZED SIGNIFICANCE THRESHOLDS WITH UTILITY CORRIDOR              ***        05/04/06 
                                   ***                                                                      ***        18:05:24 
**MODELOPTs:                                                                                                           PAGE  78 
CONC                    URBAN FLAT  FLGPOL                             NOCALM                                                  
 
                             *** THE   1ST HIGHEST  1-HR AVERAGE CONCENTRATION   VALUES FOR SOURCE GROUP:  ALL      *** 
                                 INCLUDING SOURCE(S):      MMAX4   ,  
 
                                            *** DISCRETE CARTESIAN RECEPTOR POINTS *** 
 
                                       ** CONC OF NOX      IN MICROGRAMS/M**3                          ** 
 
     X-COORD (M)  Y-COORD (M)        CONC     (YYMMDDHH)              X-COORD (M)  Y-COORD (M)        CONC     (YYMMDDHH) 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
- - 
       351137.25   3812921.25      335.88861  (81010817)                351221.50   3812967.00      295.93896  (81010817)           
       351305.72   3813012.50      271.28906  (81110617)                351389.97   3813058.00      291.66010  (81110617)           
       351474.19   3813103.75      304.97165  (81110617)                351558.44   3813149.25      311.14709  (81110617)           
       351642.69   3813194.75      310.24503  (81110617)                351726.91   3813240.25      302.84802  (81110617)           
       351811.16   3813286.00      289.91861  (81110617)                350588.44   3812731.50      275.15210  (81012818)           
       350668.47   3812781.50      271.07394  (81010817)                350752.72   3812827.00      314.80579  (81010817)           
       350836.94   3812872.50      347.40268  (81010817)                350921.19   3812918.25      366.04007  (81010817)           
       351005.44   3812963.75      369.73926  (81010817)                351089.66   3813009.25      359.21869  (81010817)           
       351173.91   3813054.75      336.69806  (81010817)                351258.13   3813100.50      305.38766  (81010817)           
       351342.38   3813146.00      268.69080  (81010817)                351426.63   3813191.50      250.52296  (81110617)           
       351510.88   3813237.25      269.20499  (81110617)                351595.09   3813282.75      282.12946  (81110617)           
       351679.34   3813328.25      288.84573  (81110617)                351763.56   3813373.75      289.37949  (81110617)           
       350563.97   3812833.75      296.04584  (81012818)                350705.13   3812915.00      231.15974  (81012818)           
       350789.38   3812960.50      272.35123  (81010817)                350873.63   3813006.00      307.93915  (81010817)           
       350957.84   3813051.75      332.73325  (81010817)                351042.09   3813097.25      344.83768  (81010817)           
       351126.31   3813142.75      343.91702  (81010817)                351210.56   3813188.50      331.05682  (81010817)           
       351294.81   3813234.00      308.40164  (81010817)                351379.03   3813279.50      278.76608  (81010817)           
       351463.28   3813325.00      245.02242  (81010817)                351547.50   3813370.75      232.25809  (81110617)           
       351631.75   3813416.25      249.65468  (81110617)                351716.00   3813461.75      262.07254  (81110617)           
       350512.84   3812919.50      301.61481  (81012818)                350657.56   3813003.00      266.64941  (81012818)           
       350741.78   3813048.50      230.67233  (81012818)                350826.03   3813094.00      234.05666  (81010817)           
       350910.25   3813139.75      270.50702  (81010817)                350994.50   3813185.25      299.19214  (81010817)           
       351078.75   3813230.75      317.56793  (81010817)                351162.97   3813276.25      324.52365  (81010817)           
       351247.22   3813322.00      320.19052  (81010817)                351331.47   3813367.50      305.88123  (81010817)           
       351415.69   3813413.00      283.47556  (81010817)                351499.94   3813458.75      255.55038  (81010817)           
       351584.16   3813504.25      224.48749  (81010817)                351668.41   3813549.75      216.26985  (81110617)           
       350461.69   3813005.25      293.75916  (81010117)                350609.97   3813090.75      279.14261  (81012818)           
       350694.19   3813136.50      259.44980  (81012818)                350778.44   3813182.00      228.89082  (81012818)           
       350862.69   3813227.50      200.08170  (81010817)                350946.91   3813273.25      235.99908  (81010817)           
       351031.16   3813318.75      266.61081  (81010817)                351115.41   3813364.25      289.30255  (81010817)           
       351199.63   3813409.75      302.36874  (81010817)                351283.88   3813455.50      305.25284  (81010817)           
       351368.13   3813501.00      298.45773  (81010817)                351452.34   3813546.50      283.18951  (81010817)           
       351536.59   3813592.25      261.38953  (81010817)                351620.84   3813637.75      235.10031  (81010817)           
       350410.56   3813091.00      272.13016  (81010117)                350562.38   3813178.75      271.21857  (81010117)           
       350646.63   3813224.50      266.36310  (81012818)                350730.88   3813270.00      251.58429  (81012818)           
       350815.09   3813315.50      226.00211  (81012818)                350899.34   3813361.00      193.71373  (81012818)           
       350983.59   3813406.75      204.69371  (81010817)                351067.81   3813452.25      235.81244  (81010817)           
       351152.06   3813497.75      261.10681  (81010817)                351236.28   3813543.50      278.61047  (81010817)           
       351320.53   3813589.00      287.40170  (81010817)                351404.78   3813634.50      287.19550  (81010817)           
       351489.00   3813680.00      278.58038  (81010817)                351573.25   3813725.75      262.85965  (81010817) 
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SUMMARY 

This assessment evaluates the health impacts due to diesel exhaust particulate matter (DPM) emitted by 

diesel trucks and equipment associated with construction of the Landmark Village project (proposed 

project).  The proposed project site is bounded by State Route 126 (SR-126) on the northern boundary and 

by the Santa Clara River on the southern boundary.  The proposed project will consist of 308 single-

family residential units; 685 condominiums; 451 apartments; 337,600 square feet (sq. ft.) of retail area; 

695,400 sq. ft. of office space; 70,000 sq. ft. of school buildings; and 16.1 acres of park area.  Total 

development is anticipated to occur over a 251-week period.  Also, a utility corridor extending 

approximately 39,800 feet in length and 35 feet wide was considered as a part of the proposed project.  

The utility corridor includes the infrastructure components for potable water, sewer, reclaimed water, 

and natural gas.  The sources of DPM include on-road trucks and diesel-powered construction equipment 

like front-end loaders, bulldozers, and scrappers. 

The South Coast Air Quality Management District (SCAQMD) recommends the following significance 

criteria for health risk assessments: 

• Criterion 1:  a greater than 10 in 1 million (10 x 10-6) lifetime probability of contracting cancer; and 

• Criterion 2:  a health hazard index of 1.0 for evaluating the non-carcinogenic effects of toxic air 
contaminants. 

Using SCAQMD’s thresholds of significance, the health risk assessment finds that the maximum 

anticipated cancer risks associated with the construction of the proposed project are 1.2, 1.7, and 0.3 in 

1 million at workplace, residential, and sensitive receptors, respectively.  The assessment also finds that 

the chronic hazard indices for non-cancer health impacts are well below 1.0 at the maximally exposed 

receptors under this construction scenario.  The health impacts associated with the construction of the 

proposed project are below the significance criteria and are, therefore, less than significant. 
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1.0 GENERAL 

On August 27, 1998, the California Air Resources Board (CARB) designated particulate emissions from 

diesel-fueled engines or DPM as a toxic air contaminant.  The proposed construction of the proposed 

project will involve diesel trucks and diesel-powered mobile equipment.  This health risk assessment 

evaluates the risk from DPM to determine if it is significant under CEQA.  

The SCAQMD California Environmental Quality Act (CEQA) Air Quality Handbook1 recommends a lifetime 

probability of contracting cancer greater than 10 in 1 million (10 x 10-6) as a significance threshold for 

evaluating health impacts from toxic air contaminants.  The CEQA Air Quality Handbook further identifies 

a health hazard index of 1.0 as an additional significance threshold for evaluating non-carcinogenic 

effects of toxic air contaminants. 

1.1 Project Description 

The proposed development at Landmark Village is within the South Coast Air Basin, which is under the 

jurisdiction of SCAQMD.  The proposed project consists of 308 single-family residential units; 685 

condominiums; 451 apartments; 337,600 sq. ft. of retail area; 695,400 sq. ft. of office space; 70,000 sq. ft. of 

school buildings; and 16.1 acres of park area.  The construction of the utility corridor that provides the 

infrastructure components such as potable water, reclaimed water, sewer, and natural gas is also 

considered part of the proposed project.  Total development is anticipated to occur over a 251-week 

period.  The construction schedule is mainly divided into three phases:  grading, asphalt paving, and 

building construction.  Grading and asphalt paving are anticipated to occur during the first 75 weeks, and 

the building construction phase is anticipated to occur from week 76 to week 251.  The construction of the 

utility corridor will occur over 52-week period starting in week one along with grading and asphalt 

paving.  The construction of the utility corridor is also divided in three different phases: grading, grading 

and water tanks construction, and grading and water tanks welding and coating.  These three phases are 

anticipated to occur over the first 30 weeks, week 31 to week 48, and week 49 to week 52, respectively.  

Currently, the project site is either used for agricultural crop production or is vacant, and no demolition is 

required.  The project site is bounded by SR-126 on the northern boundary and by the Santa Clara River 

on the southern boundary.  Two soil borrow areas are proposed in the vicinity of the northern and 

southern boundary of the project site. 

                                                             
1 CEQA Air Quality Handbook, South Coast Air Quality Management District, April 1993. 
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2.0 SOURCE DESCRIPTION 

Figure 1, Conceptual Site Plan, shows the site plan for the proposed project.  For this analysis, the whole 

site is modeled as an area source consisting of DPM emissions from truck and construction equipment. 

The on- and off-road vehicles and equipment that emit DPM and are associated with construction of the 

proposed project include: 

• Diesel-fueled construction equipment (e.g., scrapers, tractors, backhoes, rollers); 

• Heavy-duty diesel trucks (e.g., haul trucks and on-site water trucks) 

These sources will travel through the proposed development area depending on the construction phases 

which include grading, building construction, application of architectural coatings, and asphalt paving.  

For modeling purposes, the whole site is divided into five parts.  Every part is considered as a separate 

area source, and it is assumed that the diesel trucks and construction equipment will operate throughout 

the whole area.  Similarly, the utility corridor is divided into 10 different parts to facilitate modeling.  

Also, every part of the utility corridor is considered as a separate area source, and it is assumed that the 

diesel trucks and construction equipment will operate throughout the utility corridor.  Table 1, below, 

provides information about the area sources. 

 
Table 1 

Source Description 
 

Area Source ID No. of Vertices Area in sq. m. 
I 20 218,351.3 
II 13 222,649.6 
III 20 204,169.9 
IV 13 286,594.2 
V 18 286,522.8 

UCHRA1 12 278,253.3 
UCHRA2 20 289,227.3 
UCHRA3 10 455,337.6 
UCHRA4 11 95,374.2 
UCHRA5 4 173,353.3 
UCHRA6 4 311,792.2 
UCHRA7 4 216,796.2 
UCHRA8 8 89,050.6 
UCHRA9 9 82,513.9 
UCHRA10 10 74,962.8 

  
Source: Impact Sciences, Inc., 2006. 
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In the site-grading phase, the trucks will haul earth material from the borrow site and will dump their 

loads on site.  The typical on-site round-trip travel distance was estimated to be 4 miles.  The typical 

workday was estimated to be 10 hours (i.e., from 8 AM to 6 PM). 

3.0 CALCULATION OF EMISSIONS 

Unmitigated construction emissions were estimated based on the information provided in the Software 

Users’ Guide: URBEMIS2002 for Windows with Enhanced Construction Module (April 2005)2 (Guide) (the 

assumptions are available for review in Appendix 4.9 of the EIR).  URBEMIS2002 is a land-use and 

transportation-based air quality model developed in cooperation with the CARB and designed to 

estimate air emissions from new development projects, including construction emissions.  The model is 

designed to calculate emissions for specific air basins; for this project, the model was run using model 

inputs designed specifically for the South Coast Air Basin. 

The information regarding different construction activities (site clearing, grading, asphalt paving, and 

application of architectural coatings) was provided by the project applicant.  Also, the applicant provided 

details about the types and numbers of construction equipment that would be on the site during grading 

operations, the acreages graded, the amount of material that would be graded, and the timing and 

duration of the grading and construction operations.  Additional details regarding these calculations are 

provided in Section 4.9, Air Quality, in the Landmark Village Draft Environmental Impact Report 

(DEIR).  The number of working days in a particular phase was calculated assuming 5 working days each 

week, with a 10-hour working day (i.e., 8 AM to 6 PM).  DPM emissions for each phase were calculated 

by multiplying total working days by the worst-case daily emissions.  Finally, DPM emissions from all 

the phases were added to get total DPM emissions over the entire construction period.  For the purpose 

of this assessment, the overall emissions during the six-year construction period were averaged to 

generate one annual average emission rate to be used as an input for the dispersion modeling.  A similar 

approach is used to calculate the emissions from the construction of the utility corridor.  DPM emissions 

from all the phases associated with the utility corridor construction were added to get the annual DPM 

emissions. 

The estimated emissions for each phase and for the overall project are shown in Table 2, Estimated 

Diesel Particulate Matter Emissions from Construction.  As shown in Table 2, the emissions vary from 

year to year depending on the area of development and the phase of the construction activity. 

                                                             
2  Jones and Stokes. Software Users’ Guide: URBEMIS2002 for Windows with Enhanced Construction Module 

(Sacramento, California:  Jones and Stokes, April 2005). 
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Table 2 
Estimated Diesel Particulate Matter Emissions 

from Construction Operations 
 

Emissions 

Phase Source 
Schedule 
(weeks) 

Duration 
(weeks) 

On Worst-Day 
(lbs/day) 

Per Phase 
(lbs) 

A On-Road Diesel Exhaust 1 to 44 44 2.13 468.60 
 Off-Road Diesel Exhaust   36.17 7,957.40 

B On-Road Diesel Exhaust 45 to 48 4 2.13 53.25 
 Off-Road Diesel Exhaust   36.25 906.25 

C On-Road Diesel Exhaust 49 to 58 10 0 0 
 Off-Road Diesel Exhaust   6.36 318.00 

D On-Road Diesel Exhaust 59 to 62 4 0.28 5.60 
 Off-Road Diesel Exhaust   10.90 218.00 

E On-Road Diesel Exhaust 63 to 75 13 0.28 18.20 
 Off-Road Diesel Exhaust   4.67 303.55 

F On-Road Diesel Exhaust 76 to 127 52 0 0 
 Off-Road Diesel Exhaust   89.66 23,311.60 

G On-Road Diesel Exhaust 128 1 0 0 
 Off-Road Diesel Exhaust   94.45 472.25 

H On-Road Diesel Exhaust 129 to 179 51 0 0 
 Off-Road Diesel Exhaust   74.15 18,908.25 
I On-Road Diesel Exhaust 180 to 214 45 0 0 
 Off-Road Diesel Exhaust   65.77 14,798.25 
J On-Road Diesel Exhaust 215 to 232 18 0 0 
 Off-Road Diesel Exhaust   61.01 5,490.90 

K On-Road Diesel Exhaust 233 to 238 6 0 0 
 Off-Road Diesel Exhaust   40.14 1,204.20 

L On-Road Diesel Exhaust 239 to 240 2 0 0 
 Off-Road Diesel Exhaust   31.89 318.90 

M On-Road Diesel Exhaust 241 to 251 11 0 0 
 Off-Road Diesel Exhaust   23.64 1,300.20 

Total     76,053.40 
      

UC1 On-Road Diesel Exhaust 1 to 30 30 0.02 0.60 
 Off-Road Diesel Exhaust   2.18 65.40 

UC2 On-Road Diesel Exhaust 31 to 48 18 0.02 0.36 
 Off-Road Diesel Exhaust   2.80 50.40 

UC3 On-Road Diesel Exhaust 49 to 52 4 0.02 0.08 
 Off-Road Diesel Exhaust   5.94 23.76 

Total     140.60 
   

Source: Impact Sciences, Inc., 2006. 
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4.0 MODELING METHODOLOGY 

4.1 Modeling Approach 

The U.S. Environmental Protection Agency (U.S. EPA) approved Industrial Source Complex model, 

ISCST33, was used to model the air quality impacts of DPM emissions during construction of the 

proposed project and construction of the utility corridor.  This model can estimate the air quality impacts 

of single or multiple sources using actual meteorological conditions. 

The model was configured with the following control parameters: 

• Modeling switches:  regulatory default (except calms processing was turned off per SCAQMD 
guidelines); 

• Averaging period:  annual; and 

• Choice of dispersion coefficients based upon land-use type: urban (per SCAQMD health risk 
assessment guidelines). 

The 1981 meteorological data used in the modeling analysis was obtained from the SCAQMD website for 

the Newhall monitoring station.  The Newhall meteorological monitoring site is about 7.5 kilometers east-

southeast of the project site and is the closest meteorological monitoring station to the proposed project 

site.  A wind rose illustrating prevailing wind speeds and directions is shown in Figure 2, Wind Rose for 

the Newhall Monitoring Station. 

Sources of emissions from trucks and construction equipment were modeled as five area sources over the 

proposed project site.  (These five areas were selected for purposes of the Localized Significance 

Thresholds Analysis, which was also performed for this project, but they are not intended to represent 

phasing of the construction over the project site.)  The annual emission rate over the six-year construction 

period was converted to grams per second (g/sec) by dividing the annual emission rate by the annual 

operating hours and 3,600 seconds per hour, and by multiplying the result by 453.6 grams per pound.  

The overall emissions were distributed over the five area sources proportional to their areas.  The 

corresponding emission rate for each area source in g/sec was divided by the area of each of the area 

sources as measured in square meters to calculate the emission rate in grams per second per square meter 

(g/sec-m2).  Thus, the emissions from the trucks and construction equipment were assumed to be 

distributed equally throughout these areas, as is the convention for area source emissions.  Similarly, the 

sources of emissions associated with construction of the utility corridor were modeled as 10 area sources 

distributed over the utility corridor site.  (These area sources were selected to facilitate the model 

 



Wind Rose for the Newhall Monitoring Station

FIGURE 2

32-99•05/06

SOURCE: Impact Sciences, Inc. –  May 2006
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simulation and are not intended to represent the phasing of the construction over the project site.)  Also, 

the overall emissions associated with construction of the utility corridor were distributed over the utility 

corridor site, and the emission rate was calculated in g/sec-m2 using the same method described earlier. 

The emissions from the trucks and equipment were given an initial height of 4.15 meters to account for 

the height of the exhaust stack and initial plume rise of the heated exhaust.  This value is used by the 

CARB to characterize the health impacts of a variety of scenarios involving diesel vehicles. 

4.2 Receptors Used for Evaluating Modeled Impacts 

The nearest residential community to the project site is the community of Val Verde located 

approximately 1.6 kilometers (1 mile) to the north, across SR-126.  Other residences are scattered 

throughout the area, primarily to the north of the site across SR-126.  A recreational vehicle park is 

located to the east of the project site; however, occupants are limited to a 30-day stay.  The nearest 

potential off-site workplace receptors are located to the northeast in the Valencia Commerce Center. 

The SCAQMD CEQA Air Quality Handbook recommends that sensitive receptors be evaluated in an air 

quality impact analysis.  Sensitive receptors are generally considered to be facilities where children, the 

elderly, or ill people may reside.  The CEQA Air Quality Handbook lists the following land uses that should 

be considered as sensitive receptors: 

• Long-term health care facilities 

• Rehabilitation centers 

• Convalescent centers 

• Retirement homes 

• Residences 

• Schools 

• Playgrounds 

• Child care centers 

• Athletic facilities 

For the purpose of this assessment, potential sensitive receptors included schools, childcare centers, and 

hospitals. 

One elementary school is located within 2 kilometers (1.25 miles) of the project site.  Its name, location, 

and distance from the project site are shown in Table 3, Sensitive Receptors within Two Kilometers of 
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the Landmark Village Project Site and its location is depicted in Figure 3, Sensitive Receptors Near the 

Project Site.  No childcare centers or hospitals were identified within 2 kilometers of the project site.  The 

school was treated as a discrete receptor in this analysis, and it was located within the modeled area 

within a Cartesian grid that was spaced at 100-meter intervals up to 2,000 meters (2.0 kilometers) from the 

project site boundary.  The overall receptor grid was designed to cover areas of existing and future off-

site residential exposure, areas of commercial/industrial development, to allow assessment of potential 

workplace exposure, and potential exposure to other sensitive receptors listed in the SCAQMD CEQA Air 

Quality Handbook. 

 
Table 3 

Sensitive Receptors within Two Kilometers 
of Landmark Village Project Site 

 

Name of Receptor 

Distance from 
Landmark Village 

(km) Direction 
Live Oak Elementary School 1.68  North 

  
Source:  Impact Sciences, 2006. 

 

5.0 ESTIMATION OF EXPOSURE THROUGH INHALATION 

This assessment considers exposure via inhalation only.  The potential exposure through other pathways 

(e.g., ingestion) requires substance and site-specific data, and the specific parameters for DPM are not 

known for these pathways.4  This assessment also assumes that a person is exposed continuously for 70 

years.  This approach is intended to result in conservative (i.e., health protective) estimates of health 

impacts.  The SCAQMD follows the recommendation in the Office of Environmental Health Hazard 

Assessment (OEHHA) Air Toxics Hot Spots Program Guidance Manual for Preparation of Health Risk 

Assessments5 (OEHHA Guidance) with respect to the evaluation of cancer risk calculations for short-term 

exposures (i.e., less than a maximum theoretical project life of 70 years).  The OEHHA Guidance states: 

“[A]s the exposure duration decreases the uncertainties introduced by applying cancer potency 
factors derived from very long term studies increases.  Short-term high exposures are not 
necessarily equivalent to longer-term lower exposures even when the total dose is the same.  
OEHHA therefore does not support the use of current cancer potency factor to evaluate cancer 
risk for exposures of less than 9 years.  If such risk must be evaluated, we recommend assuming 
that average daily dose for short-term exposure is assumed to last for a minimum of 9 years.” 

                                                             
4 “Report to the Air Resources Board on the Proposed Identification of Diesel Exhaust as a Toxic Air Contaminant, 

Part A Exposure Assessment,” Approved by the Scientific Review Panel, April 1998.  
5 “Air Toxics Hot Spots Program Guidance Manual for Preparation of Health Risk Assessments,”California 

Environmental Protection Agency Office of Environmental Health Hazard Assessment, August 2003. 
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Exposure through inhalation is a function of the respiration rate and the concentration of a substance in 

the air and is calculated by using the following formulas:6 

Risk = Dose-inhalation * Inhalation cancer potency factor (Equation 1) 

where: 

Inhalation cancer potency factor (CPF) = 1.1 (milligram per kilogram per day)-1 (for DPM) 

Dose Inhalation = Cair * DBR * A * EF * ED * 10-6
 / AT (Equation 2) 

where: 

Cair = concentration in microgram per cubic meter 
DBR = breathing rate in liter per kilogram of body weight per day 
A = inhalation absorption factor (1 for DPM) 
EF = exposure frequency in days per year 
ED = exposure duration in years 
AT = averaging time period over which exposure is averaged in days (25,550 days for 70 years) 

For modeling purpose, the default values suggested by the manual were used for the dose inhalation 

calculation except for daily breathing rate.  The default values used in the model are as follows: 

EF = 350 days/year 
ED = 9 years 
AT = 25,550 days 
A = 1 

In accordance with CARB policy7, a breathing rate equal to the 80th percentile should be used in single-

point risk management decisions, such as those subject to a threshold or standard, for which the cancer 

risk is entirely associated with inhalation and residential cancer risk is being evaluated.  These two 

criteria are met for this assessment.  Thus, a breathing rate of 302 liter per kilogram of body weight per 

day was used for the residential cancer risk calculations. 

The risk is calculated by multiplying the dose by the inhalation potency factor.  The inhalation potency 

factor for DPM is 1.1.8  In order to directly calculate risk as a modeling output, a multiplying factor was 

derived based on the information discussed above.  This multiplying factor, when multiplied by the 

                                                             
6 Ibid. 
7  California Air Resources Board and Office of Environmental Health Hazard Assessment, Recommended Interim 

Risk Management Policy for Inhalation-Based Residential Cancer Risk, October 9, 2003. 
8 “Air Toxics Hot Spots Program Guidance Manual for Preparation of Health Risk Assessments,” California 

Environmental Protection Agency Office of Environmental Health Hazard Assessment, pp. 7-4, August 2003. 
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concentration that the dispersion model calculates, results in risk in 1 million at a particular receptor.  The 

multiplying factor was calculated as follows: 

Multiplying factor = CPF * (DBR * A * EF * ED * 10-6/AT) * 106 

= 1.1 * (302 L/kg body weight-day * 1 * 350 day/yr * 9 yr *10-6/25,550 days) * 106 = 40.96 (µg/m3)-1 

Table 4, Summary of Maximum Modeled Cancer Risks of Diesel Particulate Matter from 

Construction, provides the model output.  Figure 4, Modeled Impacts of Diesel Particulate Matter, 

illustrates the potential risks due to DPM from the construction of the proposed development.  Figure 4 

shows the isopleths (lines of constant modeled excess cancer risk) that represent estimated cancer risks of 

5 and 10 in 1 million for residential and sensitive receptors.  These isopleths reflect the cancer risk at 

residential receptors; no adjustment has been made to the isopleths for workplace exposures, which 

would be lower. 

 
Table 4 

Summary of Maximum Modeled 
Cancer Risks of Diesel Particulate Matter 

from Construction 
 

Receptor Cancer Risk 
Residence1 1.7 x 10-6 
Sensitive2 0.3 x 10-6 
Workplace3 1.2 x 10-6 

  
Source:  Impact Sciences, Inc., 2006. 
1 Maximum impact occurred at Val Verde; 
2 Maximum impact occurred at Live Oak Elementary School; 
3 Maximum impact occurred at Commerce Center Commercial. 

 

In addition to the potential cancer risk, DPM has chronic (i.e., long-term) noncancer health impacts.  The 

chronic noncancer inhalation hazard indices for the proposed project were calculated by dividing the 

modeled annual average concentrations of the DPM by the Reference Exposure Level (REL).  The 

OEHHA has recommended an ambient concentration of 5 micrograms per cubic meter (µg/m3) as the 

chronic inhalation REL for DPM.  The REL is the concentration at or below which no adverse health 

effects are anticipated.  No inhalation REL for acute (i.e., short-term) effects has been determined by the 

OEHHA. 

While calculating cancer risks associated with DPM from construction, the multiplying factor was used to 

generate the results directly in terms of cancer risk in 1 million.  Therefore, the model did not calculate 

 



Landmark Village Project Boundary

Landmark Village Tract Area

Cancer Risk 10 in One Million

Cancer Risk 5 in One Million

1010

55

10

5

10

5

Model Impacts of Diesel Particulate Matter

FIGURE 4

32-92•05/06

SOURCE: Impact Sciences, Inc. – May 2006

APPROXIMATE SCALE IN METERS

731 365 0 731

n



Health Risk Assessment 
 

Impact Sciences, Inc. 14 Landmark Village HRA 
32-92  May 2006 

the concentrations separately.  However, the concentrations are required to calculate the chronic non-

cancer inhalation hazard indices.  Therefore, the concentrations were calculated by dividing the risk 

values by the multiplying factor.  These concentrations were then further divided by RELs to calculate 

chronic non-cancer inhalation hazard indices. 

The maximum chronic hazard indices at selected receptors are shown in Table 5, Summary of Maximum 

Modeled Noncancer Health Impacts of Diesel Exhaust Particulate Matter from Construction.  The net 

chronic hazard indices at the points of maximum impact are much less than the SCAQMD significance 

threshold of 1.0 for noncancer health impacts.  The areas of maximum non-cancer impact occurred in the 

same locations as those described above for the cancer risks. 

 
Table 5 

Summary of Maximum Modeled Noncancer Health Impacts 
of Diesel Particulate Matter from Construction 

 
Receptor Chronic Hazard Index 

Residential1 0.0008 
Sensitive2 0.0001 
Workplace3 0.0006 

  
Source:  Impact Sciences, Inc., 2006. 
1 Maximum impact occurred at Val Verde; 
2 Maximum impact occurred at Live Oak Elementary School; 
3 Maximum impact occurred at Commerce Center Commercial. 

 

6.0 CONCLUSIONS 

Based on this analysis, construction of the proposed project would not exceed the SCAQMD significance 

threshold of a cancer risk of 10 in 1 million since the maximum net anticipated cancer risks are 1.2, 1.7, 

and 0.3 in 1 million at workplace, residential, and sensitive receptors, respectively.  The chronic hazard 

indices for non-cancer health impacts are also well below the significance threshold of 1.0 at the 

maximally exposed receptors.  It should be noted that these health impacts do not reflect the reductions 

in diesel emissions from trucks and mobile equipment that will occur during the construction period as a 

result of increasingly stringent emission standards, many of which will take effect in the next few years.  

Furthermore, the activity levels (e.g., types and numbers of construction equipment) used in this 

assessment represent the highest daily levels anticipated during each phase of the construction of the 

project; the actual levels are likely to be lower.  Accordingly, the actual health impacts due to construction 

of the proposed project would be less than those presented in this assessment. 



 

 

APPENDIX A 
Landmark Village Construction Emissions 



 
Estimated Unmitigated Utility Corridor Construction Emissions 

 
 Emissions (lbs/day) 

Subphase/Emissions Source CO VOC NOx SOx PM10 
Weeks 1 thru 30      

Unmitigated Emissions Total 85.90 11.38 62.83 0 296.80 
SCAQMD Thresholds 550 75 100 150 150 

Exceeds Thresholds? NO NO NO NO YES 
Notes:  Grading of utility corridor 
Weeks 31 thru 48      

Unmitigated Emissions Total 110.80 14.30 80.34 0 297.42 
SCAQMD Thresholds 550 75 100 150 150 

Exceeds Thresholds? NO NO NO NO YES 
Notes:   Grading of utility corridor and construction of water tanks 
Weeks 49 thru 52      

Unmitigated Emissions Total 184.25 58.96 152.37 0 300.57 
SCAQMD Thresholds 550 75 100 150 150 

Exceeds Thresholds? NO NO YES NO YES 
Notes: Grading of utility corridor and welding and coating of water tanks 
   
Source:  Impact Sciences, Inc. 

 
 



















































































































 

 

APPENDIX B 
ISCST3 Files 



ISCST3 Files



 

 

APPENDIX C 
Calculations of Chronic Hazard Indices 

 



Multiplying factor used in Cancer Risk Calculations: 40.96

Receptor Risk Concentration REL for DPM
Chronic Hazard

Index
(in one million) (µg/m3) (µg/m3)

Residential 1.7 0.042 5 0.008
Workplace 1.2 0.029 5 0.006
Sensitive 0.3 0.007 5 0.001

REL: Reference Exposure Limit
DPM: Diesel Particulate Matter

Landmark Village EIR
Chronic Hazard Indices Calculations



Newhall Ranch Specific Plan FEIR Air Quality Mitigation Measures
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BAY AREA AQMD SIMPLIFIED CALINE4 ANALYSIS; UPDATED WITH EMFAC2007

Project Title: Landmark Village

Intersection: Wolcott and SR-126

Analysis Condition: Phase 2

Nearest Air Monitoring Station measuring CO: SRA 13 (Santa Clarita Valley)

Background 1-hour CO Concentration (ppm): 5.0

Background 8-hour CO Concentration (ppm): 3.7

Persistence Factor: 0.7

Analysis Year: 2012

Approach/Departure

No. of Speed

Roadway Type Lanes A.M. P.M.

North-South Roadway: Wolcott AT GRADE 2 5 5

East-West Roadway: SR-126 AT GRADE 4 5 5

EMFAC2007 COMPOSITE EMISSION FACTORS FOR CO

Air Basin: South Coast County: Los Angeles

Assumes lowest mean wintertime temperature of 47 degrees F and 30% humidity.

Average Speed (miles per hour)

Year 5 8 11 14 17 20 23 26 29 32

2008 8.877 7.732 6.829 6.108 5.526 5.057 4.682 4.371 4.114 3.903

2009 8.018 6.995 6.187 5.54 5.017 4.597 4.259 3.979 3.746 3.554

2010 7.25 6.339 5.617 5.037 4.568 4.191 3.887 3.635 3.424 3.249

2011 6.578 5.765 5.118 4.598 4.176 3.836 3.563 3.334 3.142 2.983

2012 5.983 5.255 4.674 4.206 3.826 3.519 3.273 3.066 2.891 2.745

2013 5.437 4.787 4.267 3.846 3.504 3.228 3.006 2.818 2.66 2.526

2014 4.963 4.38 3.911 3.531 3.222 2.972 2.771 2.601 2.456 2.333

2015 4.534 4.01 3.588 3.244 2.964 2.739 2.556 2.401 2.269 2.157

2020 3.038 2.713 2.448 2.23 2.052 1.908 1.791 1.689 1.601 1.525

2025 2.234 2.008 1.821 1.667 1.54 1.438 1.355 1.283 1.219 1.163

2030 1.84 1.657 1.506 1.381 1.278 1.196 1.13 1.071 1.02 0.975

2035 1.625 1.464 1.331 1.221 1.131 1.06 1.002 0.952 0.907 0.868

2040 1.509 1.358 1.233 1.13 1.047 0.981 0.928 0.882 0.842 0.806

PEAK HOUR TURNING VOLUMES

A.M. Peak P.M. Peak

N N

17 7 58 184 103 375

W < v > E W < v > E

288 ^ ^ 593 27 ^ ^ 48

1,801 > < 1,152 1,444 > < 1,748

40 v v 184 104 v v 360

< ^ > < ^ >

26 71 373 72 28 311

S S

Representative Traffic Volumes (Vehicles per Hour)

N-S Road 1,034 N-S Road 978

E-W Road 4,161 E-W Road 4,286

Primary Road = E-W Road Primary Road = E-W Road

ROADWAY CO CONTRIBUTIONS

Reference CO Concentrations Traffic Emission

Roadway 0 Feet 25 Feet 50 Feet Volume Factor

A.M. Peak Hour

N-S Road 3.7 2.7 2.2 * 1,034 * 5.98 ÷ 100,000

E-W Road 11.9 7.0 5.4 * 4,161 * 5.98 ÷ 100,000

P.M. Peak Hour

N-S Road 3.7 2.7 2.2 * 978 * 5.98 ÷ 100,000

E-W Road 11.9 7.0 5.4 * 4,286 * 5.98 ÷ 100,000

TOTAL CO CONCENTRATIONS (ppm)

A.M. P.M.

Peak Hour Peak Hour 8-Hour

0  Feet from Roadway Edge 8.2 8.3 6.0

25  Feet from Roadway Edge 6.9 7.0 5.1

50  Feet from Roadway Edge 6.5 6.5 4.8



BAY AREA AQMD SIMPLIFIED CALINE4 ANALYSIS; UPDATED WITH EMFAC2007

Project Title: Landmark Village

Intersection: Commerce Center and SR-126

Analysis Condition: Phase 2

Nearest Air Monitoring Station measuring CO: SRA 13 (Santa Clarita Valley)

Background 1-hour CO Concentration (ppm): 5.0

Background 8-hour CO Concentration (ppm): 3.7

Persistence Factor: 0.7

Analysis Year: 2012

Approach/Departure

No. of Speed

Roadway Type Lanes A.M. P.M.

North-South Roadway: Commerce Center AT GRADE 2 5 5

East-West Roadway: SR-126 AT GRADE 4 5 5

EMFAC2007 COMPOSITE EMISSION FACTORS FOR CO

Air Basin: South Coast County: Los Angeles

Assumes lowest mean wintertime temperature of 47 degrees F and 30% humidity.

Average Speed (miles per hour)

Year 5 8 11 14 17 20 23 26 29 32

2008 8.877 7.732 6.829 6.108 5.526 5.057 4.682 4.371 4.114 3.903

2009 8.018 6.995 6.187 5.54 5.017 4.597 4.259 3.979 3.746 3.554

2010 7.25 6.339 5.617 5.037 4.568 4.191 3.887 3.635 3.424 3.249

2011 6.578 5.765 5.118 4.598 4.176 3.836 3.563 3.334 3.142 2.983

2012 5.983 5.255 4.674 4.206 3.826 3.519 3.273 3.066 2.891 2.745

2013 5.437 4.787 4.267 3.846 3.504 3.228 3.006 2.818 2.66 2.526

2014 4.963 4.38 3.911 3.531 3.222 2.972 2.771 2.601 2.456 2.333

2015 4.534 4.01 3.588 3.244 2.964 2.739 2.556 2.401 2.269 2.157

2020 3.038 2.713 2.448 2.23 2.052 1.908 1.791 1.689 1.601 1.525

2025 2.234 2.008 1.821 1.667 1.54 1.438 1.355 1.283 1.219 1.163

2030 1.84 1.657 1.506 1.381 1.278 1.196 1.13 1.071 1.02 0.975

2035 1.625 1.464 1.331 1.221 1.131 1.06 1.002 0.952 0.907 0.868

2040 1.509 1.358 1.233 1.13 1.047 0.981 0.928 0.882 0.842 0.806

PEAK HOUR TURNING VOLUMES

A.M. Peak P.M. Peak

N N

80 464 0 228 1,988 0

W < v > E W < v > E

0 ^ ^ 1,868 0 ^ ^ 537

0 > < 0 0 > < 0

0 v v 38 0 v v 68

< ^ > < ^ >

94 400 0 193 70 0

S S

Representative Traffic Volumes (Vehicles per Hour)

N-S Road 2,812 N-S Road 2,823

E-W Road 1,906 E-W Road 605

Primary Road = N-S Road Primary Road = N-S Road

ROADWAY CO CONTRIBUTIONS

Reference CO Concentrations Traffic Emission

Roadway 0 Feet 25 Feet 50 Feet Volume Factor

A.M. Peak Hour

N-S Road 14.0 7.6 5.7 * 2,812 * 5.98 ÷ 100,000

E-W Road 3.3 2.6 2.2 * 1,906 * 5.98 ÷ 100,000

P.M. Peak Hour

N-S Road 14.0 7.6 5.7 * 2,823 * 5.98 ÷ 100,000

E-W Road 3.3 2.6 2.2 * 605 * 5.98 ÷ 100,000

TOTAL CO CONCENTRATIONS (ppm)

A.M. P.M.

Peak Hour Peak Hour 8-Hour

0  Feet from Roadway Edge 7.7 7.5 5.6

25  Feet from Roadway Edge 6.6 6.4 4.8

50  Feet from Roadway Edge 6.2 6.0 4.5



BAY AREA AQMD SIMPLIFIED CALINE4 ANALYSIS; UPDATED WITH EMFAC2007

Project Title: Landmark Village

Intersection: I-5 SB Ramps and SR-126

Analysis Condition: Buildout

Nearest Air Monitoring Station measuring CO: SRA 13 (Santa Clarita Valley)

Background 1-hour CO Concentration (ppm): 5.0

Background 8-hour CO Concentration (ppm): 3.7

Persistence Factor: 0.7

Analysis Year: 2014

Approach/Departure

No. of Speed

Roadway Type Lanes A.M. P.M.

North-South Roadway: I-5 SB Ramps AT GRADE 0 5 5

East-West Roadway: SR-126 AT GRADE 4 5 5

EMFAC2007 COMPOSITE EMISSION FACTORS FOR CO

Air Basin: South Coast County: Los Angeles

Assumes lowest mean wintertime temperature of 47 degrees F and 30% humidity.

Average Speed (miles per hour)

Year 5 8 11 14 17 20 23 26 29 32

2008 8.877 7.732 6.829 6.108 5.526 5.057 4.682 4.371 4.114 3.903

2009 8.018 6.995 6.187 5.54 5.017 4.597 4.259 3.979 3.746 3.554

2010 7.25 6.339 5.617 5.037 4.568 4.191 3.887 3.635 3.424 3.249

2011 6.578 5.765 5.118 4.598 4.176 3.836 3.563 3.334 3.142 2.983

2012 5.983 5.255 4.674 4.206 3.826 3.519 3.273 3.066 2.891 2.745

2013 5.437 4.787 4.267 3.846 3.504 3.228 3.006 2.818 2.66 2.526

2014 4.963 4.38 3.911 3.531 3.222 2.972 2.771 2.601 2.456 2.333

2015 4.534 4.01 3.588 3.244 2.964 2.739 2.556 2.401 2.269 2.157

2020 3.038 2.713 2.448 2.23 2.052 1.908 1.791 1.689 1.601 1.525

2025 2.234 2.008 1.821 1.667 1.54 1.438 1.355 1.283 1.219 1.163

2030 1.84 1.657 1.506 1.381 1.278 1.196 1.13 1.071 1.02 0.975

2035 1.625 1.464 1.331 1.221 1.131 1.06 1.002 0.952 0.907 0.868

2040 1.509 1.358 1.233 1.13 1.047 0.981 0.928 0.882 0.842 0.806

PEAK HOUR TURNING VOLUMES

A.M. Peak P.M. Peak

N N

472 0 926 330 0 658

W < v > E W < v > E

0 ^ ^ 65 0 ^ ^ 270

1,044 > < 3,591 2,386 > < 2,042

1,237 v v 0 1,769 v v 0

< ^ > < ^ >

0 0 0 0 0 0

S S

Representative Traffic Volumes (Vehicles per Hour)

N-S Road 1,463 N-S Road 1,769

E-W Road 6,344 E-W Road 6,527

Primary Road = E-W Road Primary Road = E-W Road

ROADWAY CO CONTRIBUTIONS

Reference CO Concentrations Traffic Emission

Roadway 0 Feet 25 Feet 50 Feet Volume Factor

A.M. Peak Hour

N-S Road 0.0 0.0 0.0 * 1,463 * 4.96 ÷ 100,000

E-W Road 11.9 7.0 5.4 * 6,344 * 4.96 ÷ 100,000

P.M. Peak Hour

N-S Road 0.0 0.0 0.0 * 1,769 * 4.96 ÷ 100,000

E-W Road 11.9 7.0 5.4 * 6,527 * 4.96 ÷ 100,000

TOTAL CO CONCENTRATIONS (ppm)

A.M. P.M.

Peak Hour Peak Hour 8-Hour

0  Feet from Roadway Edge 8.7 8.9 6.4

25  Feet from Roadway Edge 7.2 7.3 5.3

50  Feet from Roadway Edge 6.7 6.7 4.9



BAY AREA AQMD SIMPLIFIED CALINE4 ANALYSIS; UPDATED WITH EMFAC2007

Project Title: Landmark Village

Intersection: I-5 NB Ramps and SR-126

Analysis Condition: Buildout

Nearest Air Monitoring Station measuring CO: SRA 13 (Santa Clarita Valley)

Background 1-hour CO Concentration (ppm): 5.0

Background 8-hour CO Concentration (ppm): 3.7

Persistence Factor: 0.7

Analysis Year: 2014

Approach/Departure

No. of Speed

Roadway Type Lanes A.M. P.M.

North-South Roadway: I-5 NB Ramps AT GRADE 0 5 5

East-West Roadway: SR-126 AT GRADE 4 5 5

EMFAC2007 COMPOSITE EMISSION FACTORS FOR CO

Air Basin: South Coast County: Los Angeles

Assumes lowest mean wintertime temperature of 47 degrees F and 30% humidity.

Average Speed (miles per hour)

Year 5 8 11 14 17 20 23 26 29 32

2008 8.877 7.732 6.829 6.108 5.526 5.057 4.682 4.371 4.114 3.903

2009 8.018 6.995 6.187 5.54 5.017 4.597 4.259 3.979 3.746 3.554

2010 7.25 6.339 5.617 5.037 4.568 4.191 3.887 3.635 3.424 3.249

2011 6.578 5.765 5.118 4.598 4.176 3.836 3.563 3.334 3.142 2.983

2012 5.983 5.255 4.674 4.206 3.826 3.519 3.273 3.066 2.891 2.745

2013 5.437 4.787 4.267 3.846 3.504 3.228 3.006 2.818 2.66 2.526

2014 4.963 4.38 3.911 3.531 3.222 2.972 2.771 2.601 2.456 2.333

2015 4.534 4.01 3.588 3.244 2.964 2.739 2.556 2.401 2.269 2.157

2020 3.038 2.713 2.448 2.23 2.052 1.908 1.791 1.689 1.601 1.525

2025 2.234 2.008 1.821 1.667 1.54 1.438 1.355 1.283 1.219 1.163

2030 1.84 1.657 1.506 1.381 1.278 1.196 1.13 1.071 1.02 0.975

2035 1.625 1.464 1.331 1.221 1.131 1.06 1.002 0.952 0.907 0.868

2040 1.509 1.358 1.233 1.13 1.047 0.981 0.928 0.882 0.842 0.806

PEAK HOUR TURNING VOLUMES

A.M. Peak P.M. Peak

N N

0 0 0 0 0 0

W < v > E W < v > E

0 ^ ^ 734 0 ^ ^ 1,192

1,635 > < 1,391 2,532 > < 1,027

334 v v 0 513 v v 0

< ^ > < ^ >

2,265 0 624 1,286 0 114

S S

Representative Traffic Volumes (Vehicles per Hour)

N-S Road 3,223 N-S Road 1,913

E-W Road 5,625 E-W Road 5,358

Primary Road = E-W Road Primary Road = E-W Road

ROADWAY CO CONTRIBUTIONS

Reference CO Concentrations Traffic Emission

Roadway 0 Feet 25 Feet 50 Feet Volume Factor

A.M. Peak Hour

N-S Road 0.0 0.0 0.0 * 3,223 * 4.96 ÷ 100,000

E-W Road 11.9 7.0 5.4 * 5,625 * 4.96 ÷ 100,000

P.M. Peak Hour

N-S Road 0.0 0.0 0.0 * 1,913 * 4.96 ÷ 100,000

E-W Road 11.9 7.0 5.4 * 5,358 * 4.96 ÷ 100,000

TOTAL CO CONCENTRATIONS (ppm)

A.M. P.M.

Peak Hour Peak Hour 8-Hour

0  Feet from Roadway Edge 8.3 8.2 6.0

25  Feet from Roadway Edge 7.0 6.9 5.1

50  Feet from Roadway Edge 6.5 6.4 4.8



BAY AREA AQMD SIMPLIFIED CALINE4 ANALYSIS; UPDATED WITH EMFAC2007

Project Title: Landmark Village

Intersection: Wolcott and SR-126

Analysis Condition: Buildout

Nearest Air Monitoring Station measuring CO: SRA 13 (Santa Clarita Valley)

Background 1-hour CO Concentration (ppm): 5.0

Background 8-hour CO Concentration (ppm): 3.7

Persistence Factor: 0.7

Analysis Year: 2014

Approach/Departure

No. of Speed

Roadway Type Lanes A.M. P.M.

North-South Roadway: Wolcott AT GRADE 2 5 5

East-West Roadway: SR-126 AT GRADE 4 5 5

EMFAC2007 COMPOSITE EMISSION FACTORS FOR CO

Air Basin: South Coast County: Los Angeles

Assumes lowest mean wintertime temperature of 47 degrees F and 30% humidity.

Average Speed (miles per hour)

Year 5 8 11 14 17 20 23 26 29 32

2008 8.877 7.732 6.829 6.108 5.526 5.057 4.682 4.371 4.114 3.903

2009 8.018 6.995 6.187 5.54 5.017 4.597 4.259 3.979 3.746 3.554

2010 7.25 6.339 5.617 5.037 4.568 4.191 3.887 3.635 3.424 3.249

2011 6.578 5.765 5.118 4.598 4.176 3.836 3.563 3.334 3.142 2.983

2012 5.983 5.255 4.674 4.206 3.826 3.519 3.273 3.066 2.891 2.745

2013 5.437 4.787 4.267 3.846 3.504 3.228 3.006 2.818 2.66 2.526

2014 4.963 4.38 3.911 3.531 3.222 2.972 2.771 2.601 2.456 2.333

2015 4.534 4.01 3.588 3.244 2.964 2.739 2.556 2.401 2.269 2.157

2020 3.038 2.713 2.448 2.23 2.052 1.908 1.791 1.689 1.601 1.525

2025 2.234 2.008 1.821 1.667 1.54 1.438 1.355 1.283 1.219 1.163

2030 1.84 1.657 1.506 1.381 1.278 1.196 1.13 1.071 1.02 0.975

2035 1.625 1.464 1.331 1.221 1.131 1.06 1.002 0.952 0.907 0.868

2040 1.509 1.358 1.233 1.13 1.047 0.981 0.928 0.882 0.842 0.806

PEAK HOUR TURNING VOLUMES

A.M. Peak P.M. Peak

N N

104 24 51 215 85 304

W < v > E W < v > E

276 ^ ^ 588 130 ^ ^ 48

1,871 > < 1,552 1,745 > < 1,794

62 v v 479 72 v v 354

< ^ > < ^ >

46 68 373 66 54 566

S S

Representative Traffic Volumes (Vehicles per Hour)

N-S Road 1,111 N-S Road 1,197

E-W Road 4,914 E-W Road 4,811

Primary Road = E-W Road Primary Road = E-W Road

ROADWAY CO CONTRIBUTIONS

Reference CO Concentrations Traffic Emission

Roadway 0 Feet 25 Feet 50 Feet Volume Factor

A.M. Peak Hour

N-S Road 3.7 2.7 2.2 * 1,111 * 4.96 ÷ 100,000

E-W Road 11.9 7.0 5.4 * 4,914 * 4.96 ÷ 100,000

P.M. Peak Hour

N-S Road 3.7 2.7 2.2 * 1,197 * 4.96 ÷ 100,000

E-W Road 11.9 7.0 5.4 * 4,811 * 4.96 ÷ 100,000

TOTAL CO CONCENTRATIONS (ppm)

A.M. P.M.

Peak Hour Peak Hour 8-Hour

0  Feet from Roadway Edge 8.1 8.1 5.9

25  Feet from Roadway Edge 6.9 6.8 5.0

50  Feet from Roadway Edge 6.4 6.4 4.7



BAY AREA AQMD SIMPLIFIED CALINE4 ANALYSIS; UPDATED WITH EMFAC2007

Project Title: Landmark Village

Intersection: Commerce Center and SR-126

Analysis Condition: Buildout

Nearest Air Monitoring Station measuring CO: SRA 13 (Santa Clarita Valley)

Background 1-hour CO Concentration (ppm): 5.0

Background 8-hour CO Concentration (ppm): 3.7

Persistence Factor: 0.7

Analysis Year: 2014

Approach/Departure

No. of Speed

Roadway Type Lanes A.M. P.M.

North-South Roadway: Commerce Center AT GRADE 2 5 5

East-West Roadway: SR-126 AT GRADE 4 5 5

EMFAC2007 COMPOSITE EMISSION FACTORS FOR CO

Air Basin: South Coast County: Los Angeles

Assumes lowest mean wintertime temperature of 47 degrees F and 30% humidity.

Average Speed (miles per hour)

Year 5 8 11 14 17 20 23 26 29 32

2008 8.877 7.732 6.829 6.108 5.526 5.057 4.682 4.371 4.114 3.903

2009 8.018 6.995 6.187 5.54 5.017 4.597 4.259 3.979 3.746 3.554

2010 7.25 6.339 5.617 5.037 4.568 4.191 3.887 3.635 3.424 3.249

2011 6.578 5.765 5.118 4.598 4.176 3.836 3.563 3.334 3.142 2.983

2012 5.983 5.255 4.674 4.206 3.826 3.519 3.273 3.066 2.891 2.745

2013 5.437 4.787 4.267 3.846 3.504 3.228 3.006 2.818 2.66 2.526

2014 4.963 4.38 3.911 3.531 3.222 2.972 2.771 2.601 2.456 2.333

2015 4.534 4.01 3.588 3.244 2.964 2.739 2.556 2.401 2.269 2.157

2020 3.038 2.713 2.448 2.23 2.052 1.908 1.791 1.689 1.601 1.525

2025 2.234 2.008 1.821 1.667 1.54 1.438 1.355 1.283 1.219 1.163

2030 1.84 1.657 1.506 1.381 1.278 1.196 1.13 1.071 1.02 0.975

2035 1.625 1.464 1.331 1.221 1.131 1.06 1.002 0.952 0.907 0.868

2040 1.509 1.358 1.233 1.13 1.047 0.981 0.928 0.882 0.842 0.806

PEAK HOUR TURNING VOLUMES

A.M. Peak P.M. Peak

N N

121 430 0 226 2,142 0

W < v > E W < v > E

0 ^ ^ 1,727 0 ^ ^ 496

0 > < 0 0 > < 0

0 v v 36 0 v v 61

< ^ > < ^ >

197 670 0 189 137 0

S S

Representative Traffic Volumes (Vehicles per Hour)

N-S Road 2,948 N-S Road 3,001

E-W Road 1,763 E-W Road 557

Primary Road = N-S Road Primary Road = N-S Road

ROADWAY CO CONTRIBUTIONS

Reference CO Concentrations Traffic Emission

Roadway 0 Feet 25 Feet 50 Feet Volume Factor

A.M. Peak Hour

N-S Road 14.0 7.6 5.7 * 2,948 * 4.96 ÷ 100,000

E-W Road 3.3 2.6 2.2 * 1,763 * 4.96 ÷ 100,000

P.M. Peak Hour

N-S Road 14.0 7.6 5.7 * 3,001 * 4.96 ÷ 100,000

E-W Road 3.3 2.6 2.2 * 557 * 4.96 ÷ 100,000

TOTAL CO CONCENTRATIONS (ppm)

A.M. P.M.

Peak Hour Peak Hour 8-Hour

0  Feet from Roadway Edge 7.3 7.2 5.3

25  Feet from Roadway Edge 6.3 6.2 4.6

50  Feet from Roadway Edge 6.0 5.9 4.4



BAY AREA AQMD SIMPLIFIED CALINE4 ANALYSIS; UPDATED WITH EMFAC2007

Project Title: Landmark Village

Intersection: Chiquito/Long Canyon and SR-126

Analysis Condition: Buildout

Nearest Air Monitoring Station measuring CO: SRA 13 (Santa Clarita Valley)

Background 1-hour CO Concentration (ppm): 5.0

Background 8-hour CO Concentration (ppm): 3.7

Persistence Factor: 0.7

Analysis Year: 2014

Approach/Departure

No. of Speed

Roadway Type Lanes A.M. P.M.

North-South Roadway: Chiquito/Long Canyon AT GRADE 2 5 5

East-West Roadway: SR-126 AT GRADE 4 5 5

EMFAC2007 COMPOSITE EMISSION FACTORS FOR CO

Air Basin: South Coast County: Los Angeles

Assumes lowest mean wintertime temperature of 47 degrees F and 30% humidity.

Average Speed (miles per hour)

Year 5 8 11 14 17 20 23 26 29 32

2008 8.877 7.732 6.829 6.108 5.526 5.057 4.682 4.371 4.114 3.903

2009 8.018 6.995 6.187 5.54 5.017 4.597 4.259 3.979 3.746 3.554

2010 7.25 6.339 5.617 5.037 4.568 4.191 3.887 3.635 3.424 3.249

2011 6.578 5.765 5.118 4.598 4.176 3.836 3.563 3.334 3.142 2.983

2012 5.983 5.255 4.674 4.206 3.826 3.519 3.273 3.066 2.891 2.745

2013 5.437 4.787 4.267 3.846 3.504 3.228 3.006 2.818 2.66 2.526

2014 4.963 4.38 3.911 3.531 3.222 2.972 2.771 2.601 2.456 2.333

2015 4.534 4.01 3.588 3.244 2.964 2.739 2.556 2.401 2.269 2.157

2020 3.038 2.713 2.448 2.23 2.052 1.908 1.791 1.689 1.601 1.525

2025 2.234 2.008 1.821 1.667 1.54 1.438 1.355 1.283 1.219 1.163

2030 1.84 1.657 1.506 1.381 1.278 1.196 1.13 1.071 1.02 0.975

2035 1.625 1.464 1.331 1.221 1.131 1.06 1.002 0.952 0.907 0.868

2040 1.509 1.358 1.233 1.13 1.047 0.981 0.928 0.882 0.842 0.806

PEAK HOUR TURNING VOLUMES

A.M. Peak P.M. Peak

N N

22 158 491 29 78 177

W < v > E W < v > E

34 ^ ^ 91 32 ^ ^ 423

1,374 > < 980 1,142 > < 1,169

78 v v 631 47 v v 483

< ^ > < ^ >

15 55 344 79 179 628

S S

Representative Traffic Volumes (Vehicles per Hour)

N-S Road 1,281 N-S Road 1,494

E-W Road 3,911 E-W Road 4,022

Primary Road = E-W Road Primary Road = E-W Road

ROADWAY CO CONTRIBUTIONS

Reference CO Concentrations Traffic Emission

Roadway 0 Feet 25 Feet 50 Feet Volume Factor

A.M. Peak Hour

N-S Road 3.7 2.7 2.2 * 1,281 * 4.96 ÷ 100,000

E-W Road 11.9 7.0 5.4 * 3,911 * 4.96 ÷ 100,000

P.M. Peak Hour

N-S Road 3.7 2.7 2.2 * 1,494 * 4.96 ÷ 100,000

E-W Road 11.9 7.0 5.4 * 4,022 * 4.96 ÷ 100,000

TOTAL CO CONCENTRATIONS (ppm)

A.M. P.M.

Peak Hour Peak Hour 8-Hour

0  Feet from Roadway Edge 7.5 7.6 5.6

25  Feet from Roadway Edge 6.5 6.6 4.8

50  Feet from Roadway Edge 6.2 6.2 4.6
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