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1. INTRODUCTION 

The Malibu Institute (the Applicant) proposes to create a sports-oriented educational retreat 
affiliated with the University of Southern California (USC) to complement a remodeled 18-hole 
golf course on a 650-acre Project site currently operated as the Malibu Golf Club (MGC) in the 
unincorporated Malibu area of Los Angeles County (Figure 1).  The Project will provide for the 
development of educational and meeting facilities, along with visitor-serving overnight 
accommodations consisting of 40 bungalow units with 4 beds per unit, a clubhouse with fitness 
and spa facilities, a restaurant and lounge, a swimming pool, a golf pro-shop and grill, and 
associated support facilities including a maintenance building, a golf cart storage barn, a 
warehouse, and a security/information building.  In total, the Project proposes to construct a 
combined 224,287 square feet of structures, which will include the reuse of the foundation of the 
existing 12,475 square foot clubhouse and cart barn as part of the Institute building and the 
removal of 11,160 square feet of existing structures, for a total increase of 200,652 square feet of 
structures on the Project site.  An existing 875 square foot guesthouse located on the northern 
portion of the Project site will be retained by the Project for use as a caretaker’s residence.  An 
on-site wastewater recycling system is proposed to replace existing on-site septic tanks.  The 
wastewater recycling system will convey effluent to a proposed on-site recycled water treatment 
system, to be installed underground, where it will be treated to a standard suitable for landscape 
irrigation on the golf course.  

The primary access from Encinal Canyon Road and Clubhouse Drive, Trancas Lakes Drive, will 
provide access to the expanded parking area located close to all of the proposed facilities. A 
network of internal walkways and paths will promote circulation among the various facilities of 
the Malibu Institute by foot or electric cart.  Existing parking facilities are currently provided at 
two surface parking lots and curbside parking located along Trancas Lakes Drive located to the 
south and west of the existing clubhouse facilities. To ensure there is ample parking, and to 
comply with County development standards, the Project will provide 383 parking spaces (RCE, 
2013), which will be more than the 378 total parking spaces required by the Los Angeles County 
Code based on the proposed uses.  These parking spaces will be provided by remodeled surface 
parking lot facilities located in the same areas as the existing parking lots. The Project will 
repave the existing southern parking facility and provide landscaping to visually screen the 
surface lot from Encinal Canyon Road. The western surface parking lot will be expanded and 
existing non-pervious asphalt paving will be removed and replaced with pervious paving 
materials to facilitate stormwater infiltration and improve water quality.  The surface parking lots 
also would feature a sub-drain collection system to detain stormwater runoff, which could then 
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be used for irrigation of the golf course or landscape areas. The expanded western parking area 
will be visually screened from Encinal Canyon Road by topographical features, and the new 
parking stalls will be covered by shade structures with photovoltaic panels installed on top of the 
structures. The photovoltaic panels will be provided with the goal of supplying the majority of 
the Project’s electricity needs. In addition, existing outdoor overhead lighting at both parking 
lots, which currently can be seen from off-site, will be replaced with shielded down-lighting 
designed to comply with Dark Skies initiatives and the County’s Rural Outdoor Lighting District 
Ordinance. 
The existing golf course facilities currently are accessed from Encinal Canyon Road, through a 
main entrance on Clubhouse Drive. This main entrance will continue to serve as the site access 
for the Project’s guests and employees.   

The Project also will redesign the existing public golf course to incorporate new “green” 
features, including a smart irrigation system, drought-tolerant grass, and native vegetation.  All 
proposed improvements will be constructed within the previously disturbed area of the MGC, 
and all of the proposed structures will be clustered within a 20.8-acre development area in the 
southern portion of the Project site.  The reconfigured 18-hole golf course will be redesigned 
using 17 acres of the existing holes on the golf course, allowing the proposed facilities, including 
the redesigned golf course, to be constructed within previously disturbed areas.  Over 450 acres 
of native coastal scrub and chaparral, including oak woodland forest, will be left undisturbed and 
will become permanently dedicated open space (Figure 2).   

This Water Quality and Hydromodification Technical Report was developed to assess the 
potential water quality and hydromodification impacts and benefits of the proposed Project. 

2. ENVIRONMENTAL SETTING 

2.1 Physical Setting 

The Project site is located at 901 Encinal Canyon Road, within the unincorporated Malibu area 
of Los Angeles County. Regionally, the Project site is located in the western portion of the Santa 
Monica Mountains approximately forty-five miles west of downtown Los Angeles.  Locally, the 
Project site is situated northwest of the City of Malibu, and south of the Cities of Thousand Oaks 
and Westlake Village in a rural area of the Santa Monica Mountains lying south of the primary 
east-west ridgeline. Portions of the Project site located south of Mulholland Highway also fall 
within the California Coastal Zone as defined by the California Coastal Act. Adjacent land uses 
are primarily undeveloped private and public lands with large lot rural residential development 
common along the northern and western boundaries. 
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As mapped on the “Point Dume” USGS 7.5 minute topographic quadrangle (in portions of 
Sections 2, 3, 10, 11 and 15, of T.1S, R.19W), the majority of the Project site falls within the 
upper watershed area of Trancas Canyon with the exception of a small, northerly extension of the 
Project site that spans the drainage divide and falls into the upper watershed of an unnamed 
tributary to the Carlisle Canyon watershed. Topographically, the Project site is situated in a bowl 
created by the crest of the Upper Trancas Canyon drainage basin. The tributary area is just over 
1,300 acres, with 1,286 acres tributary to Trancas Canyon and 19 acres tributary to an unnamed 
tributary of Carlisle Canyon which drains to Lake Sherwood (Envicom, 2012[a]; Triad/Holmes 
Associates, 2013).  The on-site topography ranges in elevation from peaks that reach 1,900 feet 
to 2,300 feet above mean sea level (MSL) in the northeast and northwest, to valley bottom 
elevations that fall to approximately 1,300 feet above MSL. To the southeast, adjacent mountain 
ridges range from 1,400 feet to 1,900 feet above MSL. Landforms southwest of the site have 
gentler slopes and range from 1,400 feet to 1,700 feet above MSL. The overall elevation 
differences between the Project site and the surrounding mountains generally contribute to the 
formation of a centralized water drainage pattern with branching tributaries. A series of man-
made lakes retain water on-site as water features within the existing golf course. 

2.2 Climate 

Daily rainfall is available for Los Angeles County’s Lechuza Patrol precipitation gage (LA454-
[LCZC1], located at 34°04'35"N, 118°52'51"W at an elevation of 1,620 ft.), located 
approximately 1.5 miles southwest of the MGC.  The average estimated annual rainfall at the 
Project site (based upon the Lechuza gage), based on a 47-year record (1949 to 1996), is 21.5 
inches per year.   

2.3 Vegetation 

The dominant plant community on the Project site is chaparral, which contains or is locally 
dominated by, plant species classed as coastal scrub.  Scattered elements of woodland are present 
among the chaparral as isolated oak trees. In some places, openings among the brush and scrub 
are dominated by herbaceous cover classed as grassland.   The rockland areas are so sparsely 
covered that only a few species of vascular plants, including spikemoss and ferns, and saxicolous 
bryophytes and lichens are the dominant cover (Envicom, 2012[a]). 

Sensitive plant communities are protected pursuant to the California Environmental Quality Act 
(CEQA), and impacts to sensitive plant communities must therefore be avoided or mitigated. The 
sensitive plant communities on the Project site include Red Willow Thickets, Purple Needlegrass 
Grassland, Creeping Ryegrass Grassland, Foothill Needlegrass Grassland, Giant Wildrye 



 
 

 

 
Malibu Institute WQTR       4                        06.2013
                               
 

Grassland, California Sycamore Woodland, California Walnut Groves California Bay Forest 
Blue Elderberry Stands, and Spike-Moss Mats (Envicom, 2012(a)). 

2.4 Habitat 

The Project site is situated mostly within the Malibu Coastal Zone. A specific portion of the 
Project site, namely, a Willow/Sycamore/Coast Live Oak community in the northeast portion of 
the Project site previously has been designated as an Environmentally Sensitive Habitat Area 
(ESHA) in the Malibu Local Coastal Program Land Use Plan.  The property’s eastern border 
marginally includes a portion of the Los Angeles County designated Zuma Canyon Significant 
Ecological Area Buffer (Buffer 3A).   The general area is described as containing a variety of 
relatively undisturbed biotic communities including chaparral, redshank chaparral, coastal sage 
scrub, native and non-native grassland, oak and walnut woodland, and riparian woodland.  The 
coastal sage scrub and chaparral communities that primarily occupy the upper and lower Trancas 
Canyon watershed are well developed and relatively undisturbed in the eastern and western 
portion of the Project site. The California Coastal Commission (CCC) has determined that 
riparian corridors, as well as large contiguous relatively pristine stands of coastal sage scrub and 
chaparral in the Santa Monica Mountains, meet the definition of ESHA. Coastal sage scrub and 
chaparral have many important roles in the ecosystem, including the provision of critical 
linkages between riparian corridors, and essential habitat for species that require several habitat 
types (Envicom, 2012(a)). 

2.5 Geology 

The Project is located within the Transverse Ranges geomorphic province, characterized by 
general east-west trending convergent deformational structural features which are a result of 
north-south crustal shorting due to plate tectonics.  The Project is located above Quaternary-age 
alluvium (Qa) and Tertiary-age extrusive rocks of the Conejo Volcanics (Tcvb), containing 
basalt flows and breccia, some andesite, arkose, and tuff (Envicom, 2012(a)).  Native alluvial 
material consists of clayey sand (SC), ranging in color from dark yellowish brown to dark bluish 
gray and ranging in texture from fine to coarse-grained.  Bedrock material consists of aphanitic 
volcanic rock of Conejo Volcanics.  Perched groundwater was encountered during a geotechnical 
investigation at a depth of 13 ft below ground surface near the northern parking lot at the Project 
site (Sladden Engineering, 2012). 

The Project site is located in an active seismic zone.  Geologic hazards investigated include, but 
are not limited to, the following: 
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 Surface rupture along active fault traces.  No signs of active surface faulting or surface 
rupture were observed during Sladden Engineering’s review of non-stereo digitized 
photographs of the Project site and its vicinity.  

 Ground shaking by active faults, which could produce ground accelerations at the Project 
site on the order of 0.43g.   

 Liquefaction, which occurs when loose, saturated granular soil loses strength as a result 
of a decrease in granular sand volume and a positive increase in pore pressures.  This 
result occurs with a combination of liquefaction-susceptible soil, groundwater within 50 
ft of the surface, and strong seismic shaking.  Due to the shallow bedrock at the Project 
site, liquefaction poses negligible risk (Sladden Engineering, 2012). 

A steep-sided central ridgeline arcs along the Project site in a northwest-southeast orientation as 
it extends southerly into the middle of the Project site.  The Project site is situated near the 
backbone crest of the Santa Monica Mountains, so the headwater drainage profiles are generally 
steep.  Locations with rock outcrops and shallow bedrock features can be found along the sides 
and crests of the higher-elevated slopes that surround the developed golf course portions of the 
site (Envicom, 2012[a]). 

2.6 Project Area Land Uses 

Existing Land Uses 

The Project site is comprised of an irregularly shaped assemblage of 29 parcels that total 
approximately 650 acres, spanning from Encinal Canyon Road on the south to the intersection of 
Mulholland Drive and Westlake Boulevard on the north. The majority of the Project site is zoned 
R-R-1 (Resort and Recreation), with the portions to the north, east, southeast, southwest, and 
south on the periphery of the Project site zoned either A-1-1 (Light Agriculture – 1 Dwelling 
Unit per Acre) or A-1-20 (Light Agriculture – 1 Dwelling Unit per 20 Acres). Small portions of 
the Project site north of Mulholland Drive and the northeast area of the Project site are zoned 
RPD-5-0.2U-DP. 

Proposed Land Uses 

A summary of the existing and proposed land uses for the entire Project site is provided in Table 
2-1 and the existing and proposed land uses are illustrated in Figures 3a and 3b. For purposes of 
modeling, as described in Section 6, site land uses were grouped into categories of high density 
single family residential (HDSF Res), commercial, open space, and golf course.  The HDSF Res 
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land use is being used in the water quality model (Section 6.2) to represent the portion of the 
Project site occupied by 160 rooms to be used for overnight accommodations.  However, there 
will not be any actual residential land uses on the Project site.  This is a conservative assumption 
in that these temporary accommodations will be occupied less often than would true residences. 

Table 2-1: Malibu Institute Existing and Proposed Land Uses  
Land Use Existing Land Use Areas (ac) Proposed Land Use Areas (ac) 

HDSF Residential* 0.0 9.6 
Commercial 12.8 11.3 

Open 522.2 522.2 
Golf course 115.1 107.0 

Total 650 650 
* For purposes of water quality modeling (Section 6.2), “HDSF Residential” represents 160 rooms to be used for 
overnight accommodations.  There will not be any true residential land uses on the Project site. 

2.7 Receiving Waters 

The Project site encompasses portions of two watersheds, one draining to Trancas Canyon Creek 
to the south (631 acres) and the other draining to Lake Sherwood to the north (19 acres) (Figure 
4). Trancas Canyon is a major tributary that feeds to Trancas Beach at the Santa Monica Bay, 
approximately four miles south of the Project site. The headwaters of the mainstem of Trancas 
Canyon Creek traverse and are located, to large extent, on the Project site. Steep drainages 
leading from the crest of the range pass through rockland and chaparral covered slopes and 
converge onto the artificial fill that constitutes the developed golf course within the central valley 
areas of the Project site.  Two original segments of the Trancas Creek “blueline stream” 
indicated on the Point Dume, California USGS topographic map (1950 edition) no longer exist 
across the golf course. Rather, the streams were replaced with underground culverts during the 
construction of the golf course in the 1970s. Near the entrance to the golf course (Clubhouse 
Drive from Encinal Canyon Road), excess water flows from the golf course ponds is discharged 
back into the mainstem of the creek, which subsequently  passes through a large culvert under 
Encinal Canyon Road to continue downstream via a natural streamcourse. One other tributary to 
the mainstem originates offsite to the northwest, within an area characterized by rural residential 
developments along Mulholland Highway. The streamcourse follows along the southwestern 
boundary of the Project site and leaves it to pass under Encinal Canyon Road.  Approximately 
1,000 feet downstream of the Encinal Canyon Road, the streamcourse is tributary with the 
mainstem of Trancas Creek.   

The northernmost 19 acres of the Project site is comprised of open space and is tributary to the 
Carlisle Canyon watershed. Lake Sherwood is located within the Carlisle Canyon watershed 
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approximately two miles north of the Project site border and is located in Ventura County.  Lake 
Sherwood drains to Potrero Valley Creek. Figure 4 illustrates the receiving waters with respect to 
the Project site.  No development is proposed within the portion of the Project site contributing 
to the Carlisle Canyon watershed.  

Surface Water Beneficial Uses 

The Los Angeles Regional Water Quality Control Board (LARWQCB) Basin Plan (1994) lists 
beneficial uses of major water bodies within this region (Table 2-2).  Trancas Canyon Creek, 
Trancas Beach, and Lake Sherwood are listed as having specific beneficial uses. These surface 
water bodies, as well as the Trancas Canyon Creek and Carlisle Canyon Watersheds, are shown 
on Figure 4. As identified in Table 2-2, the existing and potential beneficial uses of these water 
bodies include the following: 

 MUN:  Community, military, or individual water supply systems including, but not 
limited to, drinking water supply  

 GWR:  Groundwater recharge for natural or artificial recharge of groundwater 

 NAV:  Waters used for shipping, travel, or other transportation by private, military, or 
commercial vessels 

 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 terrestrial or wetland ecosystems 

 RARE:  Waters that support habitats necessary, at least in part, for the survival and 
successful maintenance of plant or animal species established under state or federal law 
as rare, threatened, or endangered.  

 WET: Waterbodies that may have wetlands habitat associated with only a portion of the 
waterbody.  Any regulatory action would require a detailed analysis of the area. 

 COMM:  Water used for commercial or recreational collection of fish, shellfish, or other 
organisms including those intended for human consumption or bait. 



 
 

 

 
Malibu Institute WQTR       8                        06.2013
                               
 

 MAR:  Water supporting maritime ecosystems including preservation or enhancement of 
marine habitats, vegetation, or wildlife. 

 SPWN:  Waters that support high quality aquatic habitats suitable for reproduction and 
early development of fish. 

 SHELL:  Waters that support habitats of filter-feeding shellfish for human consumption 
or sports purposes.  

Table 2-2: Beneficial Uses of Receiving Waters 

Water Body 

Beneficial Use 

M
U

N
 

G
W

R
 

N
A

V
 

R
E

C
1 

R
E

C
2 

W
A

R
M

 

W
IL

D
 

R
A

R
E

 

W
E

T
 

C
O

M
M

 

M
A

R
 

S
P

W
N

 

S
H

E
L

L
 

Trancas Canyon Creek (Part of Los Angeles 
Coastal Streams) (Hydrologic Subarea 
404.37) 

E   Em E E E E      

Lake Sherwood (Hydrologic Subarea 404.26) P E E E E E E  E     

Trancas Beach  (Hydrologic Subarea 404.37)   E E E  E   E E P E 

E – Existing beneficial use 
P – Potential beneficial use 

m – Access prohibited by Los Angeles County Department of Public Works in the concrete-channelized areas 
Source:  Table 2-1 of the Water Quality Control Plan for the Los Angeles Region (Basin Plan, 1994) 

Existing Surface Water Quality 

Fuji International, the former owner of the Project site, obtained the original Conditional Use 
Permit (CUP) in 1998 and agreed to its terms.  The CUP was then transferred to MGC in 1999.  
The CUP requires an annual report regarding water quality monitoring and testing results to 
assure compliance with standards established by the Los Angeles County Department of 
Agricultural Commissioners/Weights and Measures Environmental Toxicology Laboratory 
(ETL), Los Angeles County Department of Health Services, and the LARWQCB. Additionally, 
the MGC must achieve a 50 percent reduction of pesticides, herbicides and fertilizer residues 
from the 1998 baseline levels within the first 3 years of the permit and continue to meet the 
reduced levels throughout the life of the permit. The MGC has implemented the following 
BMPs:  

 Conduct sampling and monitoring to ensure compliance; and   

 Continue to reach reduced rates annually through the life of permit.  
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Per Condition 24.8 of the CUP, water quality samples are to be collected at one entry point and 
one exit point of the Project site. Following a 2001 meeting between the Malibu Associates’ 
predecessor and interest, the National Park Service, and the Los Angeles County Department of 
Regional Planning (LACDRP), three entry points were selected to be sampled in addition to the 
two previous sample locations (Figure 5). The four upland sampling sites are located in small 
ponded areas, which appear to receive runoff from within the Project site; therefore, it is 
questionable whether these four sites actually represent upstream (off-site) water quality. The 
downstream sampling site is located at the point where the Trancas Creek exits the Project site 
(location MGC-5 on Figure 5).  The CUP outlines specific water quality criteria, water quality 
monitoring protocols, and water quality sampling sites for the Project site.  Water quality 
sampling analysis examined total phosphorus, nitrate, nitrite, ammonia, organic nitrogen, pH, 
specific conductivity and a suite of organochlorine pesticides such as DDT, toxaphene and 
dieldrin (Geosyntec, 2012[b]).   

Baseline Water Quality Sampling  

Conditions 23 to 26 of the CUP outline a water quality monitoring program scheduled to begin 
the fall of 2000 and last through the fall of 2002 to establish baseline water quality conditions 
within the Project site. Condition 23 of the CUP states:  

To establish both water quality goals in Trancas Watershed, a series of water 
quality tests during the wet and dry seasons for the first two years of this permit 
is required to establish a water quality baseline. Beginning by the Fall of 2000 
the Los Angeles County Department of Agriculture Commission/Weights 
Measures, Environmental Toxicology Laboratory shall collect water test samples 
with support and assistance as may be needed from the Resource Conservation 
District of the Santa Monica Mountains.  

Condition 24.8 of the CUP provides:  

Water shall be tested at an entry point of water across the golf course, and at the 
exit point of water from the golf course. The exact locations shall be determined 
by the Resource Conservation District of the Santa Monica Mountains.  

Ongoing Water Quality Sampling Requirements  

CUP Condition 24.7, requires four tests to be performed annually following the initial two-year 
testing program, consisting of two tests during the wet season and two tests during the dry 
season. Initial wet season sampling must occur within 24 hours following the first rain event of 
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the season that produces at least one-half inch of rain within a 24-hour period and causes the 
stream to flow. The CUP does not specifically state the time range of seasons, but from 
reviewing monthly average precipitation records, it is reasonable to assume May through 
September was considered the dry season and October through April was considered the wet 
season. The CUP lacks detail concerning how or under what conditions dry season sampling 
should take place (Geosyntec, 2012[b]).  

Selected General Constituents 

The general constituents to be tested are pH and specific conductivity. Water pH is a measure of 
the hydrogen ion concentration expressed on a logarithmic scale, with values ranging from 0 to 
14. While the pH of “pure” water at 25 ºC is 7.0 and precipitation is slightly acidic, the pH of 
natural waters is usually slightly basic (higher than 7.0) due to the buffering of water provided by 
soils. The pH of water affects the solubility and bioavailability of various chemical constituents 
such as nutrients and heavy metals. Water pH is therefore an indirect indicator of potential for 
aquatic toxicity. 

Specific conductivity is the measure of water’s ability to conduct electricity, which is used as an 
indirect indicator of the concentrations of total dissolved solids (TDS) and salinity.  These 
constituents are considered to be contaminants in fresh water when elevated.  Note that 
evaporation and evapotranspiration can increase conductivity (and TDS/salinity) and it likely 
that is what, in part, is causing higher conductivity at the downstream station.  Groundwater can 
also be a source of TDS. 

Results for these constituents are summarized in Table 2-3 and discussed below (Geosyntec, 
2012[b]). 

Table 2-3: Wet and Dry Weather Water Quality Monitoring Data for General and 
Conventional Parameters (2002-2012) 

Constituent 
CUP Required 

Level 
Sample 

Location 
No. of 

Samples Minimum Maximum Average 

pH See footnote a 

MGC-1 2 6.8 6.9 6.9 

MGC-2 2 6.9 7.1 7.0 

MGC-3 4 7.1 7.9 7.4 

MGC-4 3 6.5 7.0 6.7 

MGC-5b 29 6.5 7.9 7.4 

Specific 
Conductivity 

NA 
MGC-1 0 NA NA NA 

MGC-2 0 NA NA NA 
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Constituent 
CUP Required 

Level 
Sample 

Location 
No. of 

Samples Minimum Maximum Average 
MGC-3 1 520 520 520 

MGC-4 0 NA NA NA 

MGC-5b 31 3 1980 1246 
a According to the MGC CUP (1999), “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.  The pH of bays or estuaries 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 0.2 units from natural 
conditions as a result of waste discharge.” 
b Downstream compliance point 
 
Selected Nutrients 

The selected nutrients to be monitored were total nitrogen (TN), organic nitrogen, ammonia 
(NH3) and total phosphate (TP).  TP is the less bioavailable form of phosphorus compared to 
dissolved phosphorus, and is often made up of a high proportion of particulate phosphorus. 
Nitrate, nitrite, and ammonia are the more bioavailable forms of nitrogen, and of these, nitrate 
has the higher concentration in natural waters and is more important than ammonia as a nutrient. 
Organic nitrogen often enters waters through atmospheric deposition and makes a considerable 
contribution to nitrogen inputs in aquatic ecosystems.  Excessive nutrients in receiving waters 
can impair water quality by causing eutrophication (enrichment) which promotes the growth of 
algae. Excessive algae affect light penetration and causes dissolved oxygen depletion, which may 
kill fish and other aquatic species. In addition, some algae produce blooms that are toxic to other 
organisms. Table 2-4 summarizes available nutrient monitoring data (Geosyntec, 2012[b]).  

Table 2-4: Wet and Dry Weather Water Quality Monitoring Data for Nutrients (2002-
2012) 

Constituent 
CUP Required 

Level 
Sample 

Location 
No. of 

Samples Minimum Maximum Average 

Total 
Phosphorus-P 

(mg/L) 

0.1  
(see footnote a) 

MGC-1 8 0.126 0.440 0.262 

MGC-2 10 0.025 0.830 0.196 

MGC-3 15 0.025 0.870 0.267 

MGC-4 13 0.055 0.910 0.339 

MGC-5c 31 0.025 0.976 0.359 

Total 
Nitrogen 
(mg/L) 

See footnote b 

MGC-1 8 1.518 4.475 3.101 

MGC-2 10 0.560 6.795 3.315 

MGC-3 15 0.435 5.062 2.281 

MGC-4 13 0.660 8.118 3.768 
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Constituent 
CUP Required 

Level 
Sample 

Location 
No. of 

Samples Minimum Maximum Average 
MGC-5c 31 0.298 4.745 1.907 

Organic 
Nitrogen 
(mg/L) 

See footnote b 

MGC-1 8 0.660 2.412 1.359 

MGC-2 10 0.400 3.054 1.220 

MGC-3 15 0.330 4.246 1.360 

MGC-4 13 0.500 4.300 1.875 

MGC-5c 31 0.050 3.090 1.177 

Ammonia 
Nitrogen 
(mg/L) 

See footnote b 

MGC-1 8 0.050 0.227 0.105 

MGC-2 10 0.050 0.320 0.137 

MGC-3 15 0.050 0.285 0.114 

MGC-4 13 0.050 0.700 0.181 

MGC-5c 31 0.050 0.413 0.159 

Nitrite-
Nitrogen 
(mg/L) 

See footnote b 

MGC-1 8 0.015 0.128 0.050 

MGC-2 10 0.015 0.128 0.026 

MGC-3 15 0.015 0.088 0.028 

MGC-4 13 0.015 0.080 0.022 

MGC-5c 31 0.015 1.320 0.096 

Nitrate- 
Nitrogen 
(mg/L) 

See footnote b 

MGC-1 8 0.015 2.710 1.587 

MGC-2 10 0.015 5.080 1.932 

MGC-3 15 0.015 1.970 0.779 

MGC-4 13 0.015 6.661 1.691 

MGC-5c 31 0.015 2.140 0.475 
a According to the MGC CUP (1999), “Phosphate levels shall be less than 0.1 mg per liter exiting the property. 
Phosphate levels shall be monitored through the measurement of total phosphorus.” 
b According to the MGC CUP (1999), “Nitrogen levels shall be less than 1 mg per liter exiting the property.  
Nitrogen levels shall be monitored through the measurement of nitrate-N, nitrite-N, organic-N, and ammonia-N. The 
combined nitrogen levels from these sources shall not exceed 1 mg per liter.” 
c Downstream compliance point 
 
Across all sites and all samples collected (including baseline data), TP concentrations ranged 
from less than detection limits (i.e. non-detect) to 0.98 mg/L with an average concentration of 
0.31 mg/L. Across all sites, TN concentrations ranged from 0.30 to 8.12 mg/L with an average 
concentration of 2.60 mg/L (Table 2-4).  The CUP defines TN as the summation of nitrate, 
nitrite, organic nitrogen and ammonia, thus the TN values listed in Table 2-4 were calculated 
based on the sum of the individual samples of these constituents. In the event a lab result was 
returned as non-detect, a value of half the method detection limit was used in its place when 
computing these summary statistics, which is a standard practice for handling non-detect values 
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in environmental datasets. Although a significant percentage of non-detects were measured for 
both nitrite (83% of all samples) and ammonia (38% of all samples), the perceived bias in using 
half their detection limits in place of real data when calculating TN concentrations was found not 
to impact the results, since their detection limits are very small when compared to other 
measured nitrogen constituents.   
 
Table 2-5 shows the frequency with which monitored sites exceeded the CUP required levels 
under Condition 25 and the average nutrient concentration in excess of the water quality criteria. 
Non-detects were also assigned a value of one half of the detection limit for this analysis. TP 
concentrations at Location MGC-5 (Figure 5) exceeded the water quality criteria of 0.10 mg/L in 
97% of the samples analyzed. TN concentrations at Site 5 exceeded the CUP required level of 
1.0 mg/L in 74% of the samples analyzed.  

Table 2-5: Comparison of Observed Wet and Dry Weather Water Quality Monitoring Data 
and CUP Required Levels for TP and TN (2002-2012) 

  

MGC-1 MGC-2 MGC-3 MGC-4 MGC-5a 

TN TP TN TP TN TP TN TP TN TP 

Number of Comparisons 8 8 10 10 15 15 13 13 31 31 

Exceedance Frequency 100% 100% 80% 60% 87% 80% 77% 77% 74% 97% 

CUP Required Level (mg/L) 1.0 0.1 1.0 0.1 1.0 0.1 1.0 0.1 1.0 0.1 

Average Concentration in 
Excess of Criteria (mg/L) 

2.1 0.2 3.0 0.2 0.9 0.2 3.7 0.3 1.3 0.3 

a Downstream compliance point 

Selected Pesticides, Herbicides, and Fungicides 

Pursuant to Condition 25 of the CUP, select constituents to be tested include pesticides, 
herbicides, and/or fungicides.  The pesticides, herbicides, and/or fungicides to be monitored must 
be selected through screening for organochlorines, nutrient-containing pesticides, carbamates, 
synthetic pyrethroids, triazines, 2, 4-D, 2, 4, 5-TP, and glyphosphate. Testing must be conducted 
for the three most critical water soluble pesticides, herbicides and/or fungicides, defined by the 
three highest volumes or toxicity used on the golf course.   

Of the pesticide, herbicide, and fungicide constituents tested between 1/29/02 and 8/3/12 (max 
n=18), only two analytes were detected - diazinon (1 of 18 samples, or 5.6% detection rate) and 
profenphos (3 of 18 samples, or 16.7% detection rate)—as organophosphate (OP) insecticides.  
Table 2-6 summarizes these results (Geosyntec, 2012[b]). Analysis for organochlorine pesticides 
were conducted only for samples collected at Location MGC-5 (Figure 5), the downstream 
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compliance point. Organochlorine pesticides were not found at levels exceeding detection limits 
at Location MGC-5 (Figure 5) (Geosyntec, 2012[b]).   

Table 2-6: Wet and Dry Weather Water Quality Monitoring Detection Data for Selected 
Pesticides, Herbicides, and Fungicides (2002-2012) 

Constituent Category CUP Required Level 
Sample 

Location Date Result 

Diazinon 
N and P Containing 

Pesticides and Triazines 
(EPA Method 507) 

NDa (DL=0.25 µg/L) MGC-5b 6/14/02 0.49 

Profenphos 
N and P Containing 

Pesticides and Triazines 
(EPA Method 507) 

NDa (DL=0.5 µg/L) 

MGC-5b 1/24/12 2.4 

MGC-5b 5/17/12 1.43 

MGC-5b 8/23/12 2.34 
a No presence of pesticides, fungicides or herbicides. Presence of pesticides, fungicides and herbicides will be by 
pesticides screening for organochlorines, nitrogen/phosphorus containing pesticides, carbamates, synthetic 
pyrethroids, triazines, 2,4-D, 2,4,5-TP, and glyphosate. 
b Downstream compliance point 

 

2.8 Groundwater 

Groundwater Beneficial Uses 

The majority of the Project site is located outside of a designated regional groundwater basin.  
According to the Basin Plan (1994), “With the exception of ground water in Malibu Valley 
(DWR Basin No. 4-22), ground waters along the southern slopes of the Santa Monica Mountains 
are not considered to comprise a major basin and accordingly have not been designated a basin 
number by the California Department of Water Resources (DWR)….”   

Approximately 19 acres of the northern portion of the Project site, but outside of the Project’s 
development area, contribute to the Hidden Valley groundwater basin, as defined in the Basin 
Plan (1994).  The DWR designation is 4-16. Groundwater underlying other portions of the 
Project site is not within a designated groundwater basin. Although the Project site is mostly 
outside of the Hidden Valley Basin, surface runoff that infiltrates within the Carlisle Canyon 
watershed ultimately flows toward the Hidden Valley Basin.  

As identified in Table 2-7, the beneficial uses of the Hidden Valley Basin include the following:  

 MUN:  Community, military, or individual water supply systems including, but not 
limited to, drinking water supply;  



 
 

 

 
Malibu Institute WQTR       15                        06.2013
                               
 

 IND:  Industrial activities that do not depend primarily on water quality; and 

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

Table 2-7: Groundwater Beneficial Uses 

Groundwater Basin 
Beneficial Use 

MUN IND AGR 

Hidden Valley E P E 

E – Existing beneficial use 
P – Potential beneficial use 
Source:  Table 2-2 of the Water Quality Control Plan for the Los Angeles Region (Basin Plan, 1994) 

The Basin Plan (1994) lists groundwater water quality objectives for bacteria, chemical 
constituents, pesticides, radioactivity, salinity, tastes and odors, and toxicity. The water quality 
objectives are applicable to all groundwater, regardless of beneficial use. However, since the 
developed portion of the Project site is outside of the Hidden Valley Basin, or any other major 
groundwater basin, groundwater quality objectives are not explored further in this analysis. 

Groundwater Quality 
 
Groundwater samples were collected on January 17, 2013 from extraction wells EW-1 and EW-5 
(shown in Figure 6).  The results are summarized in a report by EPD Consultants (2013).  The 
detected constituents provided in EPD Consultants’ report are shown in Table 2-8.  Groundwater 
was sampled for standard constituents (including bacteria, oil and grease, biochemical oxygen 
demand, nutrients, and TSS), volatile organic compounds, semi-volatile organic compounds, 
metals, pesticides, and PCBs.  According to the report, there is no indication of a regional water 
table at the site, though shallow groundwater may occur in the canyon bottoms and perched, 
localized groundwater may occur on the hillsides. 
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Table 2-8:  Detected Results from Existing Groundwater Monitoring Wells at the Project 
Site. 

Constituents Units EW-1 EW-5  

Standard Constituents 

pH pH Units 8.85 8.95 

Boron mg/L 0.200 1.94 

Chloride mg/L 10.8 50.0 

Ammonia-N mg/L 0.414 0.435 

TKN mg/L 0.469 0.664 

Nitrate-N mg/L 0.150 0.05 

Nitrite-N mg/L 0.100 ND 

Sulfate mg/L 36.7 58.2 

Total Dissolved Solids mg/L 531 591 

Metals 

Zinc mg/L ND 0.0103 

 

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 the United States Environmental Protection Agency 
(EPA) to establish regulations for permitting of municipal and industrial stormwater discharges 
under the NPDES permit program. The EPA published final regulations regarding stormwater 
discharges on November 16, 1990. The regulations require Municipal Separate Storm Sewer 
System (MS4) discharges to surface waters be regulated by a NPDES permit.  

In addition, the CWA requires states to adopt water quality standards for receiving water bodies 
and to have those standards approved by the EPA. 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 did not establish a complete list of 
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acceptable water quality criteria, EPA established, in the California Toxics Rule (CTR), numeric 
water quality criteria for certain toxic constituents in receiving waters with human health or 
aquatic life designated uses (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.  

In 2003, a Wet Weather and Dry Weather Bacteria TMDL were approved by the EPA for the 
Santa Monica Beach area (EPA 2003). The greater Santa Monica Beach includes multiple 
impaired waterbodies/beaches, including the receiving waters of Trancas Creek and Trancas 
Beach. In 2005, a report issued by the CDM Consultants to the County of Los Angeles Water 
Division (CLAWD) (CDM 2005) characterized the Trancas Creek Canyon watershed as having a 
1% probability of exceeding bacteria water quality criteria for summer dry weather, a 5% chance 
during winter dry weather and a 31% chance of exceedance during wet weather. A nutrient 
TMDL does not exist for any waterbodies incorporated within the Trancas Basin. The CDM 
report combined multiple factors, including land use types and available water quality data, to 
calculate a subwatershed pollution source prioritization scheme for the North Santa Monica Bay 
Area. Results placed the Trancas subwatershed as a priority 4 on a 5 point scale (with a score of 
1 showing the highest risk for pollution loading).  

Additionally, the EPA approved two TMDLs for DDT/PCBs and Debris for the Santa Monica 
Bay in 2012 (EPA 2012a, EPA 2012b). While U.S. production of both DDT and PCBs stopped 
in the 1970s, these chemicals still persist in the natural environment. DDT and PCBs sources are 
generally associated with urban runoff and unpermitted point source discharges. The high 
affinity for these pollutants to bind and settle with sediment particles make them prevalent in 
benthic zone of water bodies. Additionally, the highly urbanized areas that surround the Santa 
Monica Bay, along with the high usage of the area beaches, have allowed for significant trash 
and debris loading into the Bay, resulting in repeated listings on the federal 303(d) and eventual 
issuance of a Debris TMDL. 
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3.3 California Toxics Rule 

The CTR is a federal regulation issued by the EPA providing water quality criteria for potentially 
toxic constituents in receiving waters with human health or aquatic life designated uses in the 
State of California. CTR criteria are applicable to the receiving water body and therefore must be 
calculated based upon the probable hardness values of the receiving waters for evaluation of 
acute (and chronic) toxicity criteria. At higher hardness values for the receiving water, copper, 
lead, and zinc are more likely to be complex (bound with) components in the water column. This 
in turn reduces the bioavailability and resulting potential toxicity of these metals. 

Due to the intermittent nature of stormwater runoff (especially in Southern California), the acute 
criteria generally are considered to be more applicable to stormwater conditions than chronic 
criteria and therefore typically are used in assessing project impacts. Acute criteria represent the 
highest concentration of a pollutant to which aquatic life can be exposed for a short period of 
time (one hour) 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. 

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 EPA 
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 Resources 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 
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by the SWRCB in its state water policy. To implement state and federal law, the Basin Plan 
establishes beneficial uses for surface water and groundwater 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 LARWQCB Basin Plan (1994) provides numeric 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, waters, bays and estuaries, 
inland surface waters, and groundwater. Those waters not specifically listed (generally smaller 
tributaries) are assumed to have the same beneficial uses as the streams, lakes, or reservoirs to 
which they are tributary. 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: 
“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 a project.  

The Basin Plan also contains water quality criteria for groundwater basins. For example, the 
Basin Plan requires: “Ground waters shall not contain taste or odor producing substances in 
concentrations that cause nuisance or adversely affect beneficial uses”. 

3.6 California Coastal Commission 

In 1976, the passage of the California Coastal Act (CCA) created the California Coastal 
Commission (CCC). The CCC is responsible for working together with municipal and county 
governments to minimize the environmental degradation that results from near shore 
development throughout California’s coastal areas. The CCC has jurisdiction in areas within the 
California Coastal Zone (CCZ), which is loosely defined as any inland area ranging from 
hundreds of yards to five miles inland, in which development may have a deleterious effect on 
the environment. Pursuant to the CCA, coastal cities and counties that are either partially or 
completely within the CCZ are mandated to manage conservation and development of coastal 
areas through the development and approval of a planning and regulatory program called the 
Local Coastal Program (LCP). A LCP typically includes a Land Use Plan (LUP) as well as 
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additional maps, zoning ordinances and documents necessary to implement the LCP, typically 
known as the Local Implementation Plan (LIP). Local governments are responsible for 
developing and submitting the LCP to the CCC for approval. Once approved by the CCC, the 
LCP supersedes the governing powers originally possessed by the CCC.  In such case, the local 
government has authority to make decisions on development plans in the coastal zone while the 
CCC retains appellate authority over local government decisions.   

Currently, the unincorporated areas of Los Angeles County east of Ventura County, west of the 
city of Los Angeles and north of Malibu within the CCZ, also referred to as the Santa Monica 
Mountains Coastal Zone (SMMCZ), are regulated by the Malibu LCP of 1986 (CCC, 1986). 
However, the CCC has not certified a LIP for the SMMCZ, so projects within the SMMCZ still 
need to obtain Coastal Development Permits from the CCC not the County. Most of the Project 
site is located within the SMMCZ. In 2007, the LACDRP approved a new LCP for this area, 
entitled the Santa Monica Mountains Local Coastal Program, to replace the Malibu LCP; 
however as of the date of preparation of this memorandum, the Santa Monica Mountains Local 
Coastal Program has not been certified by the CCC (LACDRP, 2009).  

LCPs require special policies, ordinances and programs that establish BMPs during construction 
activities and throughout the life of a project for the protection of marine and coastal water 
quality.  

Common LCP guidelines regarding water quality, as outlined by the CCC, are as follows:  

 Ensure implementation of appropriate polluted runoff management measures as found in 
the California Nonpoint Source Encyclopedia.  

 Implement BMPs through revisions to policies and ordinances on grading, drainage and 
erosion control, landscaping requirements and post-construction water quality control 
requirements.  

 Integrate NPDES permits, TMDLs and other requirements of the state and regional water 
resources control boards into provisions of the LCP.  

 Provide guidance on review of permit applications for potential impacts on coastal water 
quality, including approval from public works staff that the new development will not 
adversely impact stormwater quality.  

 Provide guidance on the incorporation of appropriate BMPs in new or expanding 
development.  
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 Require that significant development include a plan, certified by an appropriate licensed 
professional, which describes how site design, source control and treatment control BMPs 
will be used to mitigate adverse impacts of a development.  

 Require treatment control BMPs for significant development that comply with applicable 
water quality permits (e.g., municipal stormwater permits) and that will address potential 
adverse impacts of development.  

These requirements are similar to MS4 Permit new and redevelopment requirements. However, 
they are subject to interpretation by the CCC. 

3.7 Los Angeles County MS4 Permit 

In 2012, the LARWQCB issued a NPDES Permit and Waste Discharge Requirements (Order 
No. R4-2012-0175) 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 County and cities within 
the County (collectively “the co-permittees”). This permit regulates stormwater discharges from 
MS4s in the area of the Project site. 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.  

The 2012 NPDES Permit specifies criteria for managing integrated water quality, flow reduction, 
and resources. For instance, it requires all new development and significant redevelopment 
projects control pollutants, pollutants loads, and runoff volume emanating from a project site by 
minimizing the impervious surface area and controlling runoff from impervious surfaces through 
infiltration, bioretention, and/or rainwater harvest and use. Part VI.D.7.c.i(2) of the MS4 Permit 
specifies that projects must also retain on-site the Stormwater Quality Design Volume (SWQDv) 
defined as runoff from either: a) 0.75 inch, 24-hour rain event; or b) the 85th percentile, 24-hour 
event, whichever is greater.  If a project cannot retain 100% of the SWQDv on-site, projects also 
may comply with this Order through alternative compliance measures (i.e., off-site mitigation 
projects designed to provide equal or greater water quality protection to the same subwatershed’s 
surface waters than the proposed project).  New development/re-development projects are 
subject to either these SWQDv control requirements or Hydromodification 
(Flow/Volume/Duration) Control Criteria, whichever are more stringent.   
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Part VI.D.7.c.iv of the MS4 Permit notes 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, Part VI.D.7.c.iv of 
the Permit stipulates permittees must implement hydrologic controls to minimize changes in 
post-development hydrologic stormwater runoff discharge rates, velocities, and durations by 
maintaining a project’s pre-project stormwater runoff flow rates and durations.  

New development/redevelopment projects that are exempted from hydromodification controls 
include maintenance and replacement activities, projects that do not increase effective 
impervious area within the subwatershed, and projects located within drainages to waterbodies 
that are not susceptible to channel erosion or other hydromodification effects.  

The four options provided by the MS4 Permit for meeting the hydromodification controls are: 1) 
designing a project to retain the stormwater runoff from the 95th percentile, 24-hour storm; 2) 
ensuring the runoff flow rate, volume, velocity and duration does not exceed the pre-
development condition for the 2-year, 24-hour rainfall event; 3) ensuring the Erosion Potential 
(Ep) in the receiving water channel approximates 1, indicating an equilibrium state for work 
done on the stream; or 4) implementing the hydromodification requirements in the LA County 
LID Manual (2009). 

Additionally, the Order establishes Water Quality-Based Effluent Limitations (WQBELs) 
consistent with the assumptions and requirements of all available TMDL waste load allocations 
assigned to discharges from the co-permittees’ MS4s.   

Stormwater Quality Management Program  

The 2001 MS4 Permit contained the following provisions for implementation of the Stormwater 
Quality Management Program (SQMP) by the co-permittees.  The 2001 version of the SQMP 
remains in effect until the County of Los Angeles submits a Notice of Intent (NOI) for an 
Enhanced Watershed Management Plan (EWMP), which is a requirement of the new MS4 
Permit.  An NOI is anticipated to be submitted by June of 2013.  

 General Requirements – Each permittee is required to implement the SQMP to comply 
with applicable stormwater 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.  
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 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 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). 
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.  
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 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 stormwater.  

 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.  

3.8 Standard Urban Stormwater Mitigation Plan  

In September, 2002, the LARWQCB approved the County of Los Angeles development planning 
program requirements, including the Standard Urban Stormwater Mitigation Plan requirements 
(collectively, the development planning program requirements, including Standard Urban 
Stormwater Mitigation Plan requirements, are referred to in this report as SUSMP requirements) 
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.  
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The County of Los Angeles Manual for the Standard Urban Stormwater Mitigation Plan 
(SUSMP Manual) details the requirements for new development and significant redevelopment 
BMPs (LACDPW, 2002). 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 design criteria and guidance are also contained in the MS4 Permit, the 
SUSMP Manual, and in the Los Angeles County Department of Public Works Stormwater Best 
Management Practice Design and Maintenance Manual For Publicly Maintained Storm Drain 
Systems (LACDPW, 2009).  

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 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);  

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);  

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.  

Flow-based BMPs, such as vegetated swales, should be designed to infiltrate or treat the 
maximum flow rate generated from one of the following scenarios:  
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1. The flow of runoff produced from a rain event equal to at least 0.2 inches per hour intensity 
(or an alternative intensity based on drainage area time of concentration);  

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 a more local gauge); 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.  

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; and  

 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).  

New development and significant redevelopment projects are required to incorporate appropriate 
SUSMP requirements into project plans as part of the development plan approval process for 
building and grading permits.   SUSMP requirements are currently incorporated in the existing 
Los Angeles County LID Ordinance (see Section 3.14).  

3.9 Construction Permits 

Pursuant to the CWA Section 402(p), which requires adoption of regulations for permitting 
certain stormwater discharges, the SWRCB issued a statewide general NPDES Permit for 
stormwater discharges from construction sites (Water Quality Order 2009-0009-DWQ, originally 
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adopted by the SWRCB on September 2, 2009 and modified by 2010-0014-DWQ [NPDES No. 
CAS000002]). 

Under this Construction General Permit, discharges of stormwater from construction sites with a 
disturbed area of one or more acres (effective July 1, 2010) are required to either obtain 
individual NPDES permits for stormwater discharges or to be covered by the Construction 
General Permit. Coverage under the Construction General Permit is accomplished by the 
following: completing a construction site risk assessment to determine appropriate coverage 
level; preparing a Stormwater Pollution Prevention Plan (SWPPP), including site maps, a 
Construction Site Monitoring Program (CSMP), and sediment basin design calculations; for 
projects located outside of a Phase I or Phase II permit area, completing a post-construction 
water balance calculation for hydromodification controls; and completing a Notice of Intent. All 
of these documents must be electronically submitted to the SWRCB for General Permit 
coverage. The primary objective of the SWPPP is to identify and apply proper construction, 
implementation, and maintenance of BMPs to reduce or eliminate pollutants in stormwater 
discharges and authorized non-stormwater discharges from the construction site during 
construction. The SWPPP also outlines the monitoring and sampling program required for the 
construction site. As a result of a recent lawsuit, the Numeric Effluent Limitations (NELs) for pH 
and turbidity at Risk Level 3/LUP Type 3 construction sites contained in Order 2009-0009-DWQ 
are no longer in effect. 

3.10 Water Discharge Permits 

This permit governs construction-related dewatering discharges within 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. 

3.11 Discharge of Dredged Materials 

Hydrologic conditions of concern for a new project may 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 
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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 
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 any person applying for a federal permit or license 
which may result in a discharge of pollutants into “waters of the United States” to 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 the Section 401 certification 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 RWQCBs. 

3.12 Area of Special Biological Significance 

Areas of Special Biological Significance (ASBS) are areas designated by the SWRCB for the 
protection of sensitive marine species or biological communities from undesirable alterations in 
natural water quality (SWRCB 1979). The SWRCB has developed regulations and procedures 
related specifically to ASBS (see Water Quality Control Plan for the Ocean Waters of California 
[Ocean Plan], and Revised Procedures for the Designation of ASBS [1999]). These regulations 
and procedures contain certain prohibitions related to flows to ASBS and also contain 
requirements that best management practices (BMPs) be implemented for urban runoff and 
stormwater flows.  

Currently, drainage from the Project site travels south via Trancas Creek and discharges in the 
Laguna Point to Latigo Point Area of Special Biological Significance (LPLP-ASBS). The LPLP-
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ASBS covers 11,842 acres of coastal land and spans from Ventura County through the western 
portion of Los Angeles County. The LPLP-ASBS was designated in 1974 by Resolution 74-28 
and is referenced as index number 24. The status of stormwater management in ASBS 
watersheds is evolving as the State works on issues with ASBS requirements and stormwater 
management. 

3.13 Lake or Streambed Alteration Agreement 

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 project. If the CDFG determines 
that the project may adversely affect existing fish and wildlife resources, a Lake or Streambed 
Alteration Agreement is required. 

3.14 Los Angeles County Low Impact Development Ordinance and Manual  

Chapter 12.84 of the Los Angeles County Code requires the use of low impact development 
(LID) standards in development projects. This chapter applies to all development within the 
unincorporated area of the County after January 1, 2009, except for those developments that filed 
a complete discretionary or ministerial permit application with the Los Angeles County 
Department of Regional Planning, Public Works, or any County-controlled design control board, 
prior to January 1, 2009.  

Chapter 12.84 requires applicable development projects to:  
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 Mimic undeveloped stormwater and urban runoff rates and volumes in any storm event up 
to and including the “50-year capital design storm event,” as defined by LACDPW;  

 Prevent pollutants of concern (POCs) from leaving a development site in stormwater as the 
result of storms, up to and including a water quality design storm event; and  

 Minimize hydromodification impacts to natural drainage systems.  

To meet these standards, development projects that consist of five or more residential units, or 
nonresidential development, shall comply with the following:  

The excess volume (ΔV, defined as the post-developed runoff volume minus the pre-
developed runoff volume for the 85th percentile storm event) from each lot upon which 
such development is occurring shall be infiltrated at the lot level, or in the alternative, the 
excess volume from the entire development site, including streets and public right-of-way, 
shall be infiltrated in sub-regional facilities. The tributary area of a sub-regional facility 
shall be limited to five acres, but may be exceeded with approval of the Director of 
LACDPW. When infiltration of all excess volume is not technically feasible, on-site 
storage, reuse, or other water conservation uses of the excess volume is required and shall 
be implemented as authorized by the Director of LACDPW.  

LACDPW has developed a LID Standards Manual that outlines stormwater runoff quantity and 
quality control development principles, technologies, and design standards for achieving the LID 
Standards of Chapter 12.84. The LID Standards Manual requires large scale residential and 
nonresidential development projects to prioritize the selection of BMPs to treat stormwater 
pollutants, reduce stormwater runoff volume, and promote groundwater infiltration and 
stormwater reuse in an integrated approach to protecting water quality and managing water 
resources. The Manual states BMPs should be implemented in the following order of preference:  

 BMPs that promote infiltration;  

 BMPs that store and beneficially use stormwater runoff; and  

 BMPs that utilize the runoff for other water conservation uses, including, but not limited to, 
BMPs that incorporate vegetation to promote pollutant removal and runoff volume 
reduction and integrate multiple uses, and BMPs that percolate runoff through engineered 
soil and allow it to discharge downstream slowly.  
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If compliance with the above LID requirements is technically infeasible, in whole or in part, the 
project must incorporate design features demonstrating compliance with the LID requirements to 
the maximum extent practicable. The LID goals of increasing groundwater recharge, enhancing 
water quality, and preventing degradation to downstream natural drainage courses will be 
considered by DPW in the determination of infeasibility.  

The LID Standards Manual outlines site conditions where infiltration may not be possible:  

 Locations where seasonal high groundwater is within 10 feet of the surface;  

 Within 100 feet of a groundwater well used for drinking water;  

 Brownfield development sites or other locations where pollutant mobilization is a 
documented concern;  

 Locations with potential geotechnical hazards as outlined in a report prepared and stamped 
by a licensed geotechnical engineer;  

 Locations with natural, undisturbed soil infiltration rates of less than 0.5 inches per hour 
that do not support infiltration-based BMPs;  

 Locations where infiltration could cause adverse impacts to biological resources;  

 Development projects in which the use of infiltration BMPs would conflict with local, State 
or Federal ordinances or building codes; and  

 Locations where infiltration would cause health and safety concerns. 

The LID Standards Manual outlines where storage and reuse of the ΔV may not be possible:  

 Projects that would not provide sufficient irrigation or (where permitted) domestic grey 
water demand for use of stored runoff due to limited landscaping or extensive use of low 
water use plant palettes in landscaped areas;  

 Projects that are required to use recycled water for irrigation of landscaping;  

 Development projects in which the storage and reuse of stormwater runoff would conflict 
with local, state or federal ordinances or building codes;  
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 Locations where storage facilities would cause potential geotechnical hazards as outlined in 
a report prepared and stamped by a licensed geotechnical engineer; and  

 Locations where storage facilities would cause health and safety concerns.  

The LID Standards Manual also contains drainage analysis requirements for hydromodification 
impacts to off-site property. The LID Standards Manual provides for the following exemptions 
from conducting a full analysis for hydromodification impacts, although project applicants must 
still demonstrate the project mitigates for hydromodification impacts to the satisfaction of the 
Director of Public Works:  

 Projects that disturb less than one acre;  

 Less than 10,000 square feet of new impervious area;  

 Projects that do not increase impervious area or decrease the infiltration capacity of 
pervious areas compared to pre-project conditions;  

 Projects that are replacement, maintenance, or repair of an existing permitted flood control 
facility;  

 Projects within a watershed or subwatershed where a geomorphically-based watershed 
study has been prepared that establishes that the potential for hydromodification impacts is 
not present based on appropriate assessment and evaluation of relevant factors, including: 
runoff characteristics, soil conditions, watershed size and conditions, channel conditions, 
and proposed levels of development within the watershed;  

 Projects that discharge directly or via a storm drain into concrete or significantly hardened 
channels, which in turn discharge into a sump area under tidal influence, or other receiving 
water that is not susceptible to hydromodification impacts; and  

 Projects that have hydrologic control measures that include sufficient subregional, regional, 
in-stream control measures, or a combination thereof such that hydromodification will not 
occur.  

The existing LID Ordinance and Manual remains in effect until the Ordinance is updated to meet 
the requirements of the new MS4 Permit.  The updated version may be more stringent than the 
MS4 Permit requirements.  A draft is anticipated by the end of June 2013.   
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3.15 Recycled Water Policy 

On February 3, 2009, by its Resolution No. 2009-0011, the SWRCB adopted a Recycled Water 
Policy in an effort to move towards a sustainable water future. In this Policy, the SWRCB stated, 
“We declare our independence from relying on the vagaries of annual precipitation and move 
towards sustainable management of surface waters and groundwater, together with enhanced 
water conservation, water reuse and the use of stormwater.”   

The following goals were included in this Policy: 

 Increase the use of recycled water over 2002 levels by at least one million acre-feet per 
year by 2020 and at least two million acre-feet per year by 2030. 

 Increase the use of stormwater over use in 2007 by at least 500,000 acre-feet per year by 
2020 and at least one million acre-feet per year by 2030. 

 Increase the amount of water conserved in urban and industrial areas by comparison to 
2007 by at least 20 percent by 2020. 

 Included in these goals is the substitution of as much recycled water for potable water as 
possible by 2030. 

The SWRCB also stated in this Policy it expects to develop additional policies to encourage the 
use of stormwater, encourage water conservation, encourage the conjunctive use of surface and 
groundwater, and improve the use of local water supplies. 

The Recycled Water Policy provides direction to the Regional Water Quality Control Boards 
regarding appropriate criteria in issuing permits for recycled water projects intended to 
streamline permitting of the vast majority of recycled water projects, while also reserving 
sufficient authority and flexibility to address site-specific conditions. The Policy also addresses 
the benefits of recycled water and encourages other public agencies to use this presumption in 
evaluating the impacts of recycled water projects on the environment as required by CEQA. The 
Policy addresses a mandate for use of recycled water and indicates the SWRCB will exercise 
their authority to the fullest extent possible to encourage the use of recycled water, consistent 
with State and federal water quality laws and indicates the water industry and environmental 
community have agreed jointly to advocate for $1 billion in State and federal funds over the next 
five years to fund projects needed to meet the goals and mandates established in this Policy. 
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The Policy indicates some groundwater basins contain salts and nutrients that exceed or threaten 
to exceed water quality objectives established in Basin Plans and states that it is the intent of this 
Policy that all salts and nutrients be managed on a basin-wide or watershed-wide basis through 
development of regional or sub-regional management plans. The Policy describes the 
components of these salt and nutrient management plans. 

Finally, the Policy addresses the control of incidental runoff from landscape irrigation projects, 
recycled water groundwater recharge projects, antidegradation, control of emerging constituents 
and chemicals of emerging concern and incentives for use of recycled water. 

In accordance with the provisions of the Recycled Water Policy, a Constituents of Emerging 
Concerns (CEC) Advisory Panel has been established to address questions about regulating 
CECs with respect to the use of recycled water. The Panel’s primary charge is to provide 
guidance for developing monitoring programs that assess potential CEC threats from various 
water recycling practices, including groundwater recharge/reuse and urban landscape irrigation. 
On June 25, 2010, the CEC Advisory Panel provided recommendations to the SWRCB and 
California Department of Public Health in their Final Report “Monitoring Strategies for 
Chemicals of Emerging Concern in Recycled Water – Recommendations of a Scientific Advisory 
Panel” (Anderson et al, 2010).  The SWRCB used those recommendations to produce a 
Recycled Water Policy Draft Amendment. 

The draft amendment, issued on May 7, 2012, provides direction to the Regional Water Quality 
Control Boards on monitoring requirements for CECs in recycled water.  The monitoring 
requirements pertain to the production and use of recycled water for groundwater recharge reuse 
by surface and subsurface application methods, and for landscape irrigation.  The amendment 
identifies three classes of constituents to monitor:  

 Health-relevant CECs: CECs of toxicological relevance to human health.  

 Indicator CECs: An individual CEC used for evaluating a family of CECs with similar 
physicochemical or biodegradable characteristics. 

 Surrogates: A measurable physical or chemical property, such as chlorine residual or 
electrical conductivity, that provides a direct correlation with the concentration of an 
indicator compound.  Surrogates are used to monitor the efficiency of CEC treatment. 

Tables indicating the specific CECs and surrogates are listed in the policy amendment, but are 
subject to change on a case-by-case basis and shall be appropriate for the treatment process or 
processes. 
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Only Groundwater Recharge Reuse facilities will be required to monitor for CECs and 
surrogates. Surface application and subsurface application facilities will have different 
mandatory CECs and a different monitoring schedule.  Landscape irrigators will only have to 
monitor for surrogates. 

3.16 Municipal Recycled Water Landscape Irrigation Use Permit 

The General Waste Discharge Requirements for Landscape Irrigation Uses of Municipal 
Recycled Water (Water Quality Order No. 2009-0006-DWQ) (Landscape Irrigation General 
Permit) regulates landscape irrigation with recycled water. Specified uses of recycled water 
considered to be “landscape irrigation” include any of the following: (i) parks, greenbelts, and 
playgrounds; (ii) school yards; (iii) athletic fields; (iv) golf courses; (v) cemeteries; (vi) 
residential landscaping and common areas (not including individually owned residential areas); 
(vii) commercial landscaping, except eating areas; (viii) industrial landscaping, except eating 
areas; and (ix) freeway, highway, and street landscaping. Producers or distributors of recycled 
water must submit a Notice of Intent for coverage under the Landscape Irrigation General 
Permit. This permit is not required for individual recycled water users and does not cover use of 
harvested stormwater for irrigation. 

Producer and Distributor Responsibilities 

Producers must produce disinfected tertiary recycled water as defined by CCR Title 22, sections 
60301.230 and 60301.320, which address disinfection requirements and “filtered wastewater” 
requirements, respectively. Producers are responsible for ensuring recycled water meets the 
quality standards for disinfected tertiary recycled water as described in Title 22 and any 
associated waste discharge requirement order for the water reclamation plant. Distributors are 
responsible for drafting and submitting an Operations and Maintenance (O&M) Plan to the 
SWRCB. The plan contents are contained in the permit, and include operation and 
maintenance/management of transport facilities and associated infrastructure necessary to 
convey and distribute recycled water from the point of production to the point of use. 
Additionally, distributors must designate a Recycled Water Use Supervisor for each use area. 
The permit also addresses BMPs, including general operations and maintenance, which 
producers and distributors must apply to manage recycled water and prevent water quality 
impacts. 

Usage 

The permit establishes terms and conditions of discharge to ensure the discharge does not 
unreasonably affect beneficial uses of groundwater and surface water. This includes minimum 
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setback distances, signage, application control, and use restrictions, along with other preventative 
measures, such as backflow prevention and cross-contamination programs. 

3.17 On-site Wastewater Treatment Systems Policy 

On June 19, 2012, SWRCB adopted Resolution No. 2012-0032, adopting the Water Quality 
Control Policy for Siting, Design, Operation, and Maintenance of On-site Wastewater Treatment 
Systems (OWTS Policy). This Policy establishes a statewide, risk-based, tiered approach for the 
regulation and management of OWTS installations and replacements and sets the level of 
performance and protection expected from OWTS. The administrative record for the OWTS 
Policy was approved by the Office of Administrative Law on November 13, 2012, and the 
OWTS Policy becomes effective on May 13, 2013. 

The Policy sets standards for OWTS that are constructed or replaced, that are subject to a major 
repair, that pool or discharge waste to the surface of the ground, and that have affected, or will 
affect, groundwater or surface water to a degree that makes it unfit for drinking water or other 
uses, or cause a health or other public nuisance condition. The OWTS Policy also includes 
minimum operating requirements for OWTS that may include siting, construction, and 
performance requirements; requirements for OWTS near certain waters listed as impaired under 
CWA Section 303(d); requirements authorizing local agency implementation of the 
requirements; corrective action requirements; minimum monitoring requirements; exemption 
criteria; requirements for determining when an existing OWTS is subject to major repair; and a 
conditional waiver of waste discharge requirements. 

The Regional Water Quality Control Boards are required to incorporate the standards established 
in the OWTS Policy, or standards that are more protective of the environment and public health, 
into their basin plans within 12 months of the effective date of the OWTS Policy (May 13, 
2013). Implementation of the OWTS Policy will be overseen by the SWRCB and the Regional 
Water Quality Control Boards. Local agencies (e.g., county and city departments and 
independent districts) have the opportunity to implement local agency management programs if 
approved by the applicable Regional Water Quality Control Board. 

3.18 California Green Building Standards Codes (CALGreen Code) 

In August of 2009, the State of California enacted The California Green Building Standards 
Code (CALGreen Code) as Part 11 of The California Building Standards Code (Title 24). 
CALGreen measures are designed to improve public health, safety, and general welfare by 
utilizing design and construction methods that reduce the negative environmental impact of 
development and encourage sustainable construction practices.  
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CALGreen provides mandatory direction to developers of all new construction and renovations 
of residential and non-residential structures regarding all aspects of design and construction, 
including but not limited to site drainage design, stormwater management, and water use 
efficiency. Required measures are accompanied by a set of voluntary standards designed to 
encourage developers and cities to aim for a higher standard of development.  

Under CALGreen, all residential and non-residential sites are required to be planned and 
developed to keep surface water from entering buildings and to incorporate efficient outdoor 
water use measures. Construction plans are required to show appropriate grading and surface 
water management methods such as swales, water collection and disposal systems, french drains, 
and rain gardens. Plans should also include outdoor water use plans that utilize weather or soil 
moisture controlled irrigation systems. In addition to the above mentioned requirements, non-
residential structures are also required to develop: 

 A Storm Water Pollution Prevention Plan (SWPPP); 

 Irrigation water budget for landscapes greater than 2,500-square feet; and 

 A quantified plan to reduce wastewater by 20 percent through utilizing water efficient 
fixtures or non-potable water systems such as use of harvested rainwater, grey water, 
and/or recycled water. 

CALGreen also offers a tiered set of voluntary measures to encourage residential and non-
residential development that goes beyond the mandatory standards for reduced soil erosion, 
rainwater capture and infiltration, and use of recycled and/or grey water systems. Nonresidential 
developers are further encouraged to integrate LID BMPs that result in zero net increase in 
runoff due to development and can treat runoff from the 85th percentile storms. 
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4. POLLUTANTS OF CONCERN AND SIGNIFICANCE CRITERIA 

4.1 Surface Water Quality Pollutants of Concern 

POCs were selected based upon the 303(d) listing of constituents that are determined by the 
SWRCB to be impacting the beneficial uses of a receiving water (Table 2-2), constituents listed 
in the CUP for the MGC, and constituents that are anticipated or potentially could be generated 
by the Project at concentrations or loads that could cause impairment of beneficial uses.  All of 
the listed POCs also pertain to the Santa Monica Bay. 

The POCs associated with the current 303(d) list for Trancas Beach include: 

 DDT; 

 Fecal coliform (pathogens); and 

 PCBs.  

The POCs not associated with the current 303(d) list for Trancas Beach, but addressed in the 
CUP include: 

 pH; 

 Water soluble pesticides, fungicides, and herbicides; 

 Dissolved oxygen; 

 NO3-N, NO2-N, organic-N, NH3-N; and 

 TP. 

The following constituents, although not contained in the 303(d) list for Trancas Beach or the 
CUP as impairing beneficial uses, are considered POCs because they are commonly found in 
urban runoff at levels of concern and have the potential to cause impairment to beneficial uses:  

 Sediments (TSS and turbidity);  

 Trash & debris; 

 Heavy metals (copper, lead, and zinc); 

 Organic compounds; 

 Hydrocarbons (oil and grease, polycyclic aromatic hydrocarbons [PAHs]); 

 Oxygen demanding substances; and 
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 Temperature. 

Constituents That Are Not of Concern 

This section lists other constituents listed in the Basin Plan (1994), but are either not considered 
to be POCs for the Project or are covered by constituents that are considered POCs and are being 
analyzed.  

 Biostimulatory substances. Biostimulatory substances are substances that promote growth 
of algae and nuisance vegetation. These include nutrients from fertilizers and organic 
wastes. The Basin Plan (1994) states that these substances shall not be present in 
concentrations that “promote aquatic growths to the extent that such growths cause 
nuisance of adversely affect beneficial uses.”  Nutrients, which are POCs, will be used as 
an indicator of biostimulatory substances and are being addressed as POCs. 

 Chemical constituents: Chemical constituents in excessive amounts in drinking water are 
harmful to human health. The Basin Plan (1994) objective for chemical constituents states: 
“At a minimum, water designated MUN shall not contain concentrations of chemical 
constituents in excess of the maximum contaminant levels (MCLs) specified in…Title 22 
of the California Code of Regulations.” Trancas Canyon Creek and Lake Sherwood are 
designated ‘MUN’. The chemical constituents referenced under this water quality 
objective, such as trace metals, bacteria, and nitrate, are either subsumed by the POC 
category above, and are therefore adequately represented by assessment of those 
constituents, or are not usually detected in urban runoff. 

 Chlorine, total residual: Chlorine and its reaction products are harmful to aquatic life and 
therefore should not be present in surface water discharges at concentrations that exceed 
0.1 mg/L and shall not persist in any concentration that causes impairments in the receiving 
waters.  Wastewater disinfection is a common source of chlorine.  The Project proposes to 
construct an on-site Wastewater Recycling System.  The filtered, liquid primary treated 
effluent portion of the wastewater would be discharged to a low pressure effluent sewer 
system that would feed into the on-site wastewater treatment system with effluent meeting 
Title 22 standards for reuse as irrigation for the remodeled golf course.  Therefore, the 
treated effluent will not pose a risk in discharging chlorine to the Project area’s surface 
waters.  

This constituent also will be addressed by irrigation practices to minimize discharges of 
chlorine, along with procedures for draining pools and/or any water features. 
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 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). In addition to 
odors and tastes in water, the Basin Plan states that waters “shall not contain substances 
which impart undesirable tastes or odors to fish flesh or other edible products of aquatic 
origin”. 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. 

 Exotic vegetation: According to the Basin Plan (1994), exotic plants quickly can out-
compete native vegetation and cause water quality impairments and therefore “shall not be 
introduced around stream courses to the extent that such growth causes nuisance or 
adversely affects beneficial uses.” The Project’s golf course redesign will incorporate 
drought-tolerant grass and native vegetation and will not introduce exotic plants to the 
Project site.  Also, nutrients, which are subsumed by the POC category above and already 
adequately represented, will be used as an indicator of biostimulatory substances that may 
promote the growth of exotic vegetation, making exotic vegetation of no concern. 

 Floating material: The Basin Plan (1994) contains narrative objectives for floating 
material, stating that floating material may provide substrate for bacterial and algal growth 
and insect vectors and therefore “water shall not contain floating materials, including 
solids, liquids, foams, and scum, in concentrations that cause nuisance or adversely affect 
beneficial uses.”  Since nutrients, which are POCs, will be used as an indicator of 
biostimulatory substances, there is no major risk of the growth of algae or nuisance 
vegetation. Also, trash and debris are considered to be POCs and are therefore already 
adequately represented. 

 Toxicity: Constituents that may cause toxicity can include trace metals (e.g., copper, lead, 
and zinc), pesticides, and polycyclic aromatic hydrocarbons.  These primary indicators are 
subsumed by the POC category above, and are therefore adequately represented by 
assessment of those constituents. 

4.2 Groundwater Quality Pollutants of Concern 

The Project area that is part of the Lake Sherwood tributary contributes to the Hidden Valley 
basin; however, the development area of the Project site does not contribute to a major 
groundwater basin as listed in the Basin Plan.   Therefore, there are no Basin Plan groundwater 
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quality objectives to be met as a direct result of this Project. The Project area is situated above 
areas of perched groundwater (Sladden Engineering, 2012), so there is still potential for 
groundwater contamination. 

Pollutants of Concern from Infiltration of Stormwater Runoff 

Research conducted by Pitt, et al. (1994) on groundwater effects resulting from stormwater 
infiltration indicate potential for groundwater contamination depends on several pollutant- and 
site-specific environmental factors. Some site-specific factors include: 

 Precipitation, irrigation, dry weather runoff, and temperature patterns; 

 Soil properties, such as texture, clay mineral, organic matter and microbial content, and 
presence of structural voids; and 

 Depth to the groundwater table. 

Chemical characteristics of the POCs include: 

 Mobility (measured by parameters such as solubility, sorption coefficients, and vapor 
pressure) and persistence (measured by the half-life) in soil; 

 Use patterns; and 

 Abundance in stormwater and dry weather runoff. 

Most bacteria are filtered out by soils. Metals tend to associate with particulate matter and, if 
metals are not in dissolved form, their potential for infiltrating to groundwater is reduced. When 
metals do exist in the dissolved form in runoff, they often adsorb to soil particles and are filtered 
out by the soils; removal in the soil column largely prevents infiltration to groundwater. This 
behavior has been confirmed by data collected beneath stormwater detention/retention ponds in 
Fresno (conducted as part of the Nationwide Urban Runoff Program), which showed that trace 
metals tended to be adsorbed in the upper few feet in the bottom sediments (Brown and 
Caldwell, 1984). Radionuclides behave similarly to other heavy metals, in that their mobility in 
soils is retarded by adsorption onto the soil mineral and organic matter (Staunton et al., 2008).  

Pesticides have been found in urban runoff from residential areas, especially in dry weather 
flows associated with landscape irrigation runoff (Pitt, et. al, 1994). In addition to the chemical 
characteristics listed above, the potential for leaching to groundwater is also a function of the 
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pesticide formulation. A pesticide can leach to groundwater when its residence time in the soil is 
less than the time required to remove it or transform it to an innocuous form by chemical or 
biological processes. US Geological Survey (USGS) National Water Quality Assessment 
Program data from agricultural areas across the US indicate that pesticides with greater 
persistence in soil are more likely to be detected in shallow groundwater than compounds that 
are less persistent (USGS, 2007). For example, within areas of relatively equal use, atrazine (soil 
half-life of 146 days) was detected in shallow groundwater much more frequently than the less 
persistent metolachlor (soil half-life of 26 days). Generally, pesticides with low water 
solubilities, high octanol-water partitioning coefficients, and high carbon partitioning 
coefficients are less mobile. The greatest pesticide mobility occurs in areas with coarse-grained 
or sandy soils without a hardpan layer, with low clay and organic matter content, and high 
permeability. Thus, heavy repetitive use of mobile pesticides on irrigated and sandy soils likely 
contaminates groundwater (Pitt, et. al, 1994).  

The research (Pitt, et. al, 1994) shows that for a variety of pesticides found in stormwater, the 
potential for groundwater contamination is low when sedimentation or filtration pretreatment is 
used (as opposed to, for example, using an infiltration trench that discharges to highly porous 
soils). This includes the types of treatment mitigation measures proposed for this Project (for 
example, bioretention areas, and swales), which promote sedimentation and/or filtration. In 
addition, bioretention areas will be amended with organic matter, which further enhances their 
ability to sorb and immobilize pesticides.  

Of the surface water POCs discussed above, nitrate is the most mobile and therefore was selected 
as the pollutant of concern for groundwater impacts from infiltration of urban runoff. High 
nitrate levels in drinking water can cause health problems in humans. The primary health concern 
is with the consumption of water with elevated nitrate which is the condition known as 
methemoglobinemia, or “blue baby syndrome.” 

Pollutants of Concern from Application of Reclaimed Wastewater 

Reclaimed wastewater that will be used by the Project to irrigate the golf course would meet 
California Code of Regulations Title 22 standards for tertiary treatment so it is appropriate for 
unrestricted use. This requires a specific effluent quality for BOD, TSS, total coliform, and 
turbidity. However, the salinity of reclaimed wastewater is often elevated compared to the 
salinity of the potable water source, unless salinity removal process is incorporated into the 
wastewater treatment process. The General Permit for Landscape Irrigation Uses of Municipal 
Recycled Water recognizes the potential impacts from salinity in reclaimed water to groundwater 
resources. Therefore, salinity is considered a constituent of concern for groundwater impacts 
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from reclaimed water use. TDS will be used as an indicator of salinity and the more mobile 
constituents in reclaimed water, such as nitrate.  

High TDS concentrations in groundwater can impact its beneficial use for drinking water or 
agricultural irrigation uses.   However, many groundwaters are naturally high in TDS and 
therefore may be less affected. 

Reclaimed water may be a source of Contaminants of Emerging Concern (CECs). Emerging 
contaminants are new chemicals or existing chemicals that were not previously considered 
POCs, but have more recently been found to have adverse effects on ecological systems. Many 
of these emerging contaminants arise from household or commercial maintenance or other 
products or human ingested products. They are not completely removed during wastewater 
treatment processes, thus can be released in wastewater treatment plant effluent. While there are 
hundreds of different CECs, they can be grouped into a number of general categories (Colker and 
Day, 2005; USGS, 2010) as discussed below. 

Pharmaceuticals and Personal Care Products (PPCPs) 

PPCPs encompass a broad array of chemicals, including antibiotics and other prescription drugs, 
pain relievers, fragrances, lotions, sunscreen agents, and a number of other products. These 
chemicals are commonly found in municipal wastewater plants, as they are typically excreted or 
washed off by consumers into the municipal sewer system. Wastewater treatment plants often 
cannot biodegrade these complex synthetic chemicals and they are discharged in effluent into the 
environment. Many of these chemicals are endocrine disrupters and can affect the reproductive 
cycle of aquatic organisms. 

Industrial and Household Chemicals 

Industrial and household CECs include cleaning agents, mechanical lubricants and solvents, and 
flame retardants. These synthetic chemicals are generally very toxic, and are often considered 
endocrine disrupters, adversely affecting aquatic organisms. These chemicals are difficult to treat 
and generally have low removal rates in traditional wastewater treatment systems. 

Nanomaterials 

Nanomaterials have recently been explored and used in industries from biotechnology to 
electronic circuitry. While nanomaterials are efficient and useful for these new applications, due 
to their size and reactivity, they could potentially negatively affect ecosystems and water bodies. 
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Summary of Groundwater Pollutants of Concern 

In summary, nitrate, TDS, pesticides and CECs are POCs for groundwater. 

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 effects of increased runoff 
associated with the introduction of impervious surfaces and drainage facilities on geomorphic 
processes (SCCWRP, 2005; Geosyntec, 2002; Bledsoe & Watson, 2001; Booth, 1990; Hollis, 
1975; Hammer, 1972).  Potential changes to the hydrologic regime may include increased runoff 
volumes, frequency of runoff events, long-term cumulative duration, as well as increased peak 
flows.  Urbanization also may 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, 2005; Geosyntec, 2002; Bledsoe 
& Watson, 2001; MacRae, 1992; Booth, 1990).  Under some circumstances, especially in more 
arid areas, development also can cause a reduction in the amount of sediment supplied to the 
stream system from upland areas, which also can contribute to stream channel incision and 
widening beyond hydrologic changes alone.  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 

Significance criteria and thresholds for significance are based on the CEQA Guidelines 
Appendix G, and are summarized below.  

Significance Thresholds for Water Quality  

The Project would have an impact on surface or groundwater quality if it would: 
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 Substantially alter the existing drainage pattern of the site or area which would result in a 
substantial erosion or siltation on- or off-site; 

 Substantially alter the existing drainage pattern of the site or area or substantially increase 
the rate or amount of surface runoff in a manner which would result in flooding on- or off-
site; 

 Create or contribute runoff water which would exceed the capacity of existing or planned 
stormwater drainage systems or provide substantial additional sources of polluted runoff; 

 Substantially deplete groundwater supplies or interfere substantially with groundwater 
recharge such that there would be a net deficit in aquifer volume or a lowering of the local 
groundwater table level (e.g., the production rate of pre-existing nearby wells would drop 
to a level which would not support existing land uses or planned uses for which permits 
have been granted); 

 Contribute to any violations of water quality standards or waste discharge requirements; or  

 Otherwise substantially degrade water quality. 

The criteria that will be used for evaluating the significance of a potential impact for each 
pollutant of concern based on the thresholds for significance are summarized below. The 
application of the criteria discussed below 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. 

CEQA Standard  

In order to determine significance under CEQA, potentially substantial increases to pollutant 
concentrations and/or loads resulting from development will be evaluated for significant adverse 
impacts to receiving water quality by comparing pre-development and post-development water 
quality concentrations and loads. Analysis of potential significant impacts will be based on the 
results of water quality modeling and qualitative analysis that takes into account water quality 
controls or BMPs that will be selected consistent with the Phase II General Permit.  

If post-development pollutant loads and concentrations, with capture in BMPs, are predicted to 
remain the same or to be reduced compared to existing conditions, then it will be concluded the 
Project is not expected to cause a significant adverse impact to the ambient water quality of the 
receiving waters for that constituent. If post-development pollutant loads or concentrations, with 
capture in BMPs and compliance of the Project with the Phase II General Permit, are predicted to 
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increase compared to existing conditions, the potential impacts will be assessed by evaluating the 
effect of the potential increase in pollutant concentration on water quality criteria.  

Water Quality Criteria 

Comparison of post-development water quality concentrations in the runoff discharge with 
benchmark receiving water quality criteria as provided in the Basin Plan (1994) and the CTR 
will facilitate analysis of the potential for runoff to cause or contribute to exceedances of 
receiving water quality standards or adversely affect beneficial uses. The water quality criteria 
will be considered benchmarks for comparison purposes only as such criteria apply within 
receiving waters as opposed to directly to runoff discharges.  

Narrative and numeric water quality objectives contained in the Basin Plan (1994) 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 beneficial uses. Projections of runoff 
water quality will be compared to acute CTR criteria, as stormwater runoff is associated with 
episodic events of limited duration, whereas chronic criteria apply to 4-day exposures.  

Because water quality criteria are established to protect beneficial uses of receiving waters, 
analyses that result in no violations of water quality criteria support a finding of less than 
significant impact. 

MS4 Permit Requirements for New Development 

Satisfaction of the MS4 Permit requirements for new development and redevelopment will 
establish compliance with water quality regulatory requirements applicable to stormwater runoff.  
Under the regulations in the permit, the effectiveness of stormwater treatment controls is 
primarily based the ability to infiltrate, harvest, and/or biotreat runoff from the 85th percentile 
rainfall event or the 0.75-inch event, with other types of treatment allowed if these measures are 
demonstrated to be infeasible on-site. 

Construction General Permit Requirements 

All development projects which disturb one or more acres are required to obtain coverage under 
the SWRCB’s General Permit for Discharges of Stormwater Associated with Construction 
Activity (Construction General Permit 2009-0009-DWQ). 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 
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management/non-stormwater BMPs that will be used during the construction phase of 
development. Compliance with these requirements during the construction phase of a project, 
including 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, will be assessed as part of the impact determination. 

BAT/BCT refers to Clean Water Act technology-based standards applicable to construction site 
stormwater discharges. Federal law specifies factors relating to the assessment of BAT, including 
the following: 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 the following:  
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)). USEPA has not issued regulations 
specifying BAT or BCT for construction site discharges.  

Significance Thresholds for Hydrologic Conditions of Concern 

Pursuant to 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 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 adversely affects 
beneficial uses. 

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 closely related past, present, 
and reasonably foreseeable 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, 
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cumulative groundwater quality impacts, and cumulative hydrologic impacts in accordance with 
the thresholds for direct impacts.  

As required by CEQA, the focus of the cumulative impacts analysis for the Project will be on the 
Project's incremental contribution to significant adverse water quality and hydrologic impacts to 
the Trancas Canyon and Carlisle Canyon watersheds, taking into account the reasonably 
foreseeable water quality and hydrologic impacts of other projects that may develop impervious 
surfaces and urban land uses within these watersheds in accordance with the General Plan. The 
cumulative impacts analysis considers the Project's incremental contribution to significant 
cumulative water quality and hydrologic impacts to the Trancas Canyon, Lake Sherwood, 
Trancas Beach, and Santa Monica Bay watersheds in light of the water quality and hydrology 
impact mitigation achieved by the LID BMPs. The analysis also will consider whether the 
Project, including BMPs, and future projects will comply with the Basin Plan (1994), the CTR, 
the MS4 General Permit, the Construction General Permit, and the General Dewatering Permit, 
which 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. 
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5. WATER QUALITY AND HYDROMODIFICATION CONTROL 
PROJECT DESIGN FEATURES 

BMPs incorporated into the Project to address surface water quality and hydromodification 
impacts include erosion and sediment control BMPs during the construction phase of the Project 
and site design, source controls, LID, and hydromodification control BMPs during the post-
construction (operational) phase.  Effective management of construction phase runoff means 
protecting bare areas from erosion and keeping sediment and other pollutants associated with 
construction activities (e.g., trash, paint, solvents, sanitary waste from portable restrooms, and 
concrete curing compounds) from discharging from the Project site. Effective management of 
post-development wet- and dry-weather runoff water quality begins with limiting increases in 
runoff pollutants and flows at the source. Site design, source control, and LID BMPs are 
practices designed to minimize runoff and the introduction of pollutants into runoff. 
Hydromodification control BMPs are designed to control increases in post-development runoff 
flows, volumes, and/or durations to protect stream channel geomorphology and habitat. These 
BMPs (i.e., water quality features) are considered a part of the Project for this impact analysis.  

5.1 Erosion and Sediment Control BMPs to be Implemented During Construction 

Grading associated with the remodeled golf course would take place within the previously 
graded areas of the fairways, tee boxes, and greens and would not require the removal of native 
oak or sycamore trees.  Grading for buildout of the Project would occur within previously 
disturbed areas and would require approximately 120,000 cubic yards of cut and 120,000 cubic 
yards of fill, which would be balanced on-site. No soil import or export is proposed. 

Site construction would comply with the requirements of the Construction General Permit, as 
discussed in Section 3.9.   

The California Stormwater Quality Association (CASQA) has several BMP fact sheets that 
describe erosion and sediment control practices and how these practices are effectively installed 
and/or applied (CASQA, 2009).  The following BMPs may implemented, as necessary, at the 
Project site during the construction phase according to CASQA guidance for the purpose of 
sediment control: 

 Silt fences; 

 Sediment basins or sediment traps; 

 Fiber rolls or other temporary berms; 
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 Street sweeping and vacuuming; and 

 Storm drain inlet protection. 

The following erosion control BMPs may also be implemented, as necessary, according to 
CASQA guidelines: 

 Scheduling of construction activities according to local climate; 

 Preservation of existing vegetation; 

 Geotextiles and mats; 

 Wood mulch; 

 Velocity dissipation devices; and 

 Soil preparation/roughening. 

5.2 Source Control BMPs 

Routine non-structural source control BMPs applicable to the Project site are described below. 

Property Owners, Tenant, and Occupant Education 

Properly trained employees are essential to ensuring BMPs are appropriately utilized and 
maintained. Employee training and responsibility is under direct control of a supervisor.  
Employees must be familiar with the Pesticide Management Plan and be familiar with any 
information and signage throughout the Project site in the case that visitor questions would arise.  
Public and player education signage and pamphlets will cover topics including: 

 Green construction and drainage; 

 Efficient irrigation; 

 Wildlife enhancement initiatives; 

 Litter controls; 

 Avoidance of natural areas; 

 Vehicle maintenance; 

 Proper disposal of chemicals; and 

 Golf course runoff management. 
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Pest and Fertilizer Management 

Employees are expected to be knowledgeable about the potential water quality impacts of poor 
management practices and the benefits of BMPs, as described in the Malibu Golf Club Best 
Management Practices guidance document (Radwich, 2013).  This guidance document describes 
the use, application rate, spill response procedures, proper storage and handling, and potential 
adverse impacts of pesticides, and also provides general fertilizer and nutrient management 
principles.  Employees will be trained in basic hazardous waste management, storage, handling, 
and disposal.  Pesticide application must be supervised by an employee who has an Agricultural 
Pest Control Advisor (PAC) License and is registered within Los Angeles County.  Fertilizing 
also must be carried out under the direction of the site manager. Fertilizer will be maintained in a 
dedicated moisture-free, well-ventilated storage area.  Additionally, new staff will undergo 
training in the use of machinery and application of fertilizers and pesticides. 

BMP Maintenance  

Improper maintenance is one of the most common reasons why stormwater BMPs do not 
function as designed, or fail entirely. It is important to identify responsibility for implementation 
of each non-structural source control BMP and scheduled cleaning and/or maintenance of all 
LID, treatment control, and hydromodification control facilities. BMP maintenance and 
inspection will be carried out as appropriate for each BMP system based on the O&M Plan.   

Spill Contingency Plan  

A Spill Contingency Plan will be in place to manage fueling activities and the use and storage of 
chemicals on the Project site (as currently described in the Malibu Golf Club Best Management 
Practices guidance document (Radwich, 2013).  The Plan will include stockpiling of cleanup 
materials, notification of responsible agencies (e.g., Los Angeles County Environmental Health, 
Fire Department, etc.), disposal of cleanup materials, and documentation. 

Litter Control Practices 

Daily litter control operations include an effective litter patrol and the emptying of trash 
receptacles daily (or, if more frequently, on an as needed basis). This requirement, coupled with 
the frequent maintenance and assessment activities throughout the site, ensures litter does not 
interfere with either the guest experience or negatively impact the receiving waters.  The same 
philosophy is extended to the maintenance yard.  All litter will be picked up as soon as it is 
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observed and placed in the trash dumpster.  Litter control also will include pet limitations on-site 
and proper pet waste disposal. 

Storm Drain System Stenciling and Signage 

Water quality protection will be publicized by use of signs informing guests of water quality 
initiatives and encouraging environmental stewardship.  Explanatory flyers posted in the pro-
shop and distributed to visitors will be used to inform guests about the various efforts, and 
resulting benefits, of the water quality practices employed on-site.  Storm drain inlets will be 
stenciled or otherwise signed to indicate the need for water quality protection. 

Proper Design of Outdoor Material and Equipment Storage Areas 

Improper storage of materials outdoors provides an opportunity for POCs to enter the stormwater 
conveyance system. The Project will incorporate the following source control BMPs for outdoor 
material storage areas: 

 Materials with the potential to contaminate stormwater will be placed in a locked 
enclosure, such as a shed or cabinet, or protected by secondary containment structures 
such as berms, dikes, or curbs; 

 Permanent storage areas will be paved and sufficiently impervious to contain leaks and 
spills; and 

 Permanent storage areas will have a roof or awning to reduce collection of stormwater 
within the secondary containment area. 

 An inventory of the pesticides kept in their respective storage building and the Material 
Safety Data Sheets (MSDS) will be accessible on the premises and also inside the 
chemical storage areas (except in the case of solvent and degreaser storage). 

Proper Design of Other Potential Pollutant Source Areas 

The Project will incorporate the following source control BMPs: 

 Exposed building materials (roof, downspouts, fencing, etc.) will be made of inert 
materials.  No exposed copper or zinc roofing materials, pressure treated woods, etc., will 
be allowed; 

 Proper design of trash storage areas will prevent transport of trash and debris and other 
pollutants by wind or water into nearby storm drain inlets and receiving waters; 
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 Proper design of loading docks will reduce the potential for spilled materials to enter the 
storm drain system; 

 Proper design of repair/maintenance bays will prevent the discharge of metals, oil and 
grease, solvents, battery acid, coolant, and fuels to the storm drain system; 

 Proper design of vehicle/equipment wash areas and restaurant equipment/ accessory wash 
areas will prevent the discharge of metals, oil and grease, solvents, phosphates, and 
suspended solids to the storm drain system; 

 Proper design of fueling areas at retail gasoline outlets and automotive repair shops will 
prevent the discharge of oil and grease, solvents, car battery acid, coolant, and fuels to the 
storm drain system; and 

 Proper design of parking areas will reduce the discharge of heavy metals, oil and grease, 
PAHs, and suspended solids to the storm drain system. Heavily used lots will incorporate 
treatment measures to remove oil and petroleum hydrocarbons from the parking lot 
runoff. Adequate operation and maintenance will be conducted for sludge and oil 
removal systems and to prevent system fouling and plugging. 

Efficient Irrigation Systems and Landscape Design 

To provide an environmentally superior golf course design, sustainability features proposed to be 
provided for the remodeled course include installation of a “smart” irrigation system, a reduction 
in the amount of turf area from approximately 85 acres to 62 acres, the use of drought-tolerant 
grasses for the turf areas, and the removal of non-native landscaping from areas surrounding the 
golf course playing area, which would be re-vegetated with native drought-tolerant trees and 
shrubs. The water-saving features to be provided with the remodeled golf course would reduce 
water consumption for irrigation by approximately 35% compared to the existing golf course 
facility. 

Vehicle and Equipment Wash and Fueling Areas 

According to the Malibu Golf Club Best Management Practices (Radwich, 2013), discharges to 
surface or ground water should be eliminated through the containment and collection of 
equipment washwaters and proper management of the collected material. Where allowed by the 
local Department of Environmental Protection (DEP) District office or local authorities, 
stormwater, and washwater other than that from pesticide application equipment may be 
discharged to a swale or retention area that does not connect to a surface water body or provide a 
direct conduit to the ground water. For these reasons, all machines with wet clippings are washed 
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with fresh water on the golf course in the area which they were used, allowing the clippings and 
material to be dispersed back onto the turf, acting as a filter and avoiding discharging the 
wastewater improperly down a drain.  

Washwater generated from the cleaning of equipment other than pesticide application equipment 
does not have to be collected and applied to the course.  This washwater must not, however, be 
discharged to surface water either directly or through ditches, storm drains, or canals. Equipment 
washwater can contain soaps, fertilizer residues, solids, and lubricating oil residues but should 
not contain solvents and degreasers.  Equipment used to apply pesticides shall not be washed on 
pads using oil/water separators, since the pesticides will contaminate the oil that is salvaged 
(Radwich, 2013).  Golf carts and equipment will have their own designated wash and fueling 
areas, which will be bermed, fenced, and/or covered to protect the surrounding area from rainfall 
and overspray.   

Septic Removal and Wastewater Disinfection 

The Project would remove multiple septic tanks throughout the Project site and install an on-site 
wastewater treatment system with effluent meeting Title 22 standards for reuse as irrigation for 
the remodeled golf course.  An On-site Wastewater System (OWS) currently serves the existing 
golf course facilities. The Project proposes to abandon the existing OWS in its entirety, and 
construct an on-site Wastewater Recycling System. The proposed wastewater system would 
consist of a network of decentralized primary tanks located as close to the point of wastewater 
generation as feasible. The primary tanks would retain solids in the wastewater, with a design 
pump-out interval of ten to twelve years. The filtered, liquid primary treated effluent portion of 
the wastewater would be discharged to a low pressure effluent sewer system that would feed into 
the Recycled Water Treatment System. The Recycled Water Treatment System would use a 
combination of aeration, ultrafiltration, and disinfection that treats the effluent to a standard 
suitable for unrestricted, non-potable reuse on-site as landscape and golf course irrigation.  

Pavement Sweeping Program 

Parking lots and roadways will be swept daily to reduce the amount of trash/debris, solids, and 
associated pollutants from becoming suspended in stormwater runoff and entering storm drains 
and infiltration basins.  This also will reduce BMP maintenance frequency and prevent clogging 
and excessive sedimentation in the BMPs. 
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5.3 LID and Treatment BMPs 

The Project will incorporate many “green” features. The Malibu Institute building, which will 
contain the educational and meeting facilities, will use the building footprint and foundation of 
the existing clubhouse and cart barn. The Project will replace over 185,000 square feet of 
existing non-pervious parking lots and cart paths with pervious pavement material to allow 
infiltration of stormwater and improve water quality. The buildings and accommodations will 
incorporate sustainable and green design with the goal of achieving LEED™ Platinum 
certification (or equivalent) for all buildings on the Project site. Design features also will include 
green roofs on many of the Project buildings, the use of color and shade structures to reduce the 
heat island effect, charging stations for electric vehicles, the use of highly efficient geothermal 
HVAC equipment, the use of native, drought-tolerant landscaping, and the use of a shuttle van or 
bus service for larger groups visiting the Project site. Water conservation and design features will 
include low flow/ultra low-flow fixtures, energy star appliances, and the use of drip irrigation 
systems. The Project will use photovoltaic panels over shade structures in the expanded surface 
parking area to generate most of the energy needs for the Project and will replace existing 
outdoor overhead parking lot lighting, which currently can be seen from off-site, with lighting 
complying with Dark Skies initiatives and the County’s Rural Lighting Outdoor Lighting District 
Ordinance. The Project will remove 1,590 non-native trees, including palm trees, which were 
introduced with development of the existing golf course, and provide landscaping with native, 
drought-tolerant species, to reduce irrigation demands and to provide habitat features and a plant 
palette more consistent with that of the Santa Monica Mountains. The Project will incorporate a 
recycling program as part of its operations as well as additional sustainability features from the 
County’s Green Building Ordinance, Low Impact Development Ordinance, and Drought 
Tolerant Landscaping Ordinance. 

The environmentally sensitive design of the remodeled golf course will include sand-capping 
(sand addition) of the fairways to promote infiltration of stormwater, and the use of BMPs to 
reduce the rate of stormwater runoff, and improve the water quality of runoff that exits the 
Project site.  Additionally, the existing impervious asphalt cart paths will be removed, and a non-
continuous cart path will be provided consisting of a living pervious material, further enhancing 
infiltration and improving water quality.  The remodeled golf course will continue to be operated 
as a public golf course, as well as being available to guests of the Malibu Institute.  

LID Performance Standard 

The development area (buildings, parking areas, and associated infrastructure) is 20.8 acres, or 
4% of the entire Project site. BMPs proposed within the development area include an infiltration 
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basin to retain on-site an amount of runoff equal to the 85th percentile, 24-hour event, or 1.15 
inches of water, in addition to the LID-required detention necessary to limit flows to historic 
rates. Runoff in the development area will be limited to predevelopment rates.  Storm drainage 
facilities are proposed to limit surface flows in this area and will include a network of vegetated 
swales, bioswales, inlets, and piping.  Consistent with existing conditions, sediment will continue 
to be collected in existing basins located along the perimeter of the golf course, as well as in 
areas of the golf course where velocities drop below 2 feet per second (Triad/Holmes Associates, 
2013).  

Description of LID and Treatment Control BMPs 

The proposed LID and treatment control BMPs described below are from the Drainage 
Concept/Hydrology Report for TR071735 (Triad/Holmes Associates, 2013): 

 “Pervious Pavement: For the purpose of LID calculations, the rates for areas of pervious 
pavement were assumed to be 0.95 imperviousness, in order to not duplicate the 
advantages of the pervious storage capacities (i.e., conservative assumption in that the 
imperviousness would actually be expected to be lower) . There are no freeze issues in this 
area, so storage is located directly under the pervious pavement. None of the pervious 
paved surfaces exceed 10% maximum (recommended by the LID manual). 

 “Bioswales: The Bioswales have been designed to include bioretention. A void factor of 
0.4 is assumed for the rock bioretention [volume (area of gravels beneath underdrains)]. 
Storm drainage pipes are included for collection of other runoff and to limit velocities in 
the bioswales. 

 “Green Roofs: Green roofs are used to [intercept] rain that falls directly on the green roof 
area.  For the purpose of the LID calculations, these areas have an assumed 0.95 
impervious coefficient, (which is much higher than how a green roof will behave, unless 
the soils are saturated).  

 “Infiltration Basins: At the outer edges of the Project area, there are impervious paved 
surfaces. The runoff from these is directed to infiltration basins to treat the final runoff 
from the site.”  

Figure 7 illustrates this concept within the 20.8 acre development area.  Runoff from each of six 
drainage areas enters some combination of the BMPs above, with all runoff ultimately being 
directed to the infiltration and detention basins before leaving the Project site. The infiltration 
basin is designed to infiltrate the SWQDv, as required by the MS4 Permit (Triad/Holmes 
Associates, 2013).  
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Figure 7: Conceptual Diagram of BMPs within the Development Site 

 
 

5.4 Hydromodification Control BMPs 

A series of progressive hydromodification control measures will be used in the Project to prevent 
and control hydromodification impacts to Trancas Canyon Creek downstream of the Project site. 
First in the series of progressive control measures is the preservation of natural hydrologic 
conditions and protection of sensitive hydrologic features, sediment sources and sensitive 
habitats to avoid and minimize the need for mitigation. Second in the series of progressive 
controls is the mitigation of the changes to natural hydrologic conditions that are unavoidable 
through the incorporation of site design practices (e.g., reducing connected impervious surfaces), 
implementation of stormwater volume-reducing LID BMPs (project-based hydrologic source 
control), and incorporation of hydromodification control facilities, as needed. 

Hydromodification Performance Standard 

The Project’s performance standard for hydromodification control is as follows: 

Hydromodification control BMPs will be selected and applied such that all off-site 
drainage impacts caused by changes in peak flow rates, velocities, depth/width ratios,  
and storm volumes are fully mitigated for the SUSMP, LID, 2, 5, 10, 25, and 50-year 
storm events. The SUSMP and LID design storm events are assumed to be the equivalent 
of the 85th percentile 24-hour runoff event (County of Los Angeles, 2009). Flow control 
facilities that result in post-development peak flow rates, velocities, depth/width ratios, 
and storm volumes less than or equal to existing conditions are considered to comply 
with this performance standard.   
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The performance standard for hydromodification is based on the hydromodification design 
criteria as outlined in the Los Angeles County Low Impact Development Manual (LID Manual) 
(County of Los Angeles, 2009), which is referenced in the Los Angeles County MS4 NPDES 
Permit Part VI.D.7.c.iv.(1)(c)(i) as alternative compliance criteria.  Post-development conditions 
which meet the Los Angeles County MS4 NPDES permit performance criteria for 
hydromodification will be appropriately protective of hydromodification impacts under the 
California Environmental Quality Act. The LA County LID Manual requires as part of 
hydromodification requirements that projects determine long-term impacts of streambed 
accretion and degradation for major drainage courses with Capital Storm flow rates (Q) greater 
than 5,000 cubic feet per second using HEC-RAS, SAMS, or HEC-6. This analysis was not 
incorporated into this performance standard because Capital Storm flow rates associated with 
receiving waters where the Project discharges are less than the threshold noted.   

Description of Hydromodification Control BMPs and Performance Standard Implementation 

The following sections describe the hydromodification control BMPs that have been 
incorporated into the Project to meet the hydromodification control performance standard. BMPs 
incorporated have been designed to achieve the hydromodification performance standard at the 
Project site’s discharge point into receiving waters.   With the BMPs below, the Project will 
actually improve hydrologic conditions as compared to current conditions.  Most of the 
development is occurring as a re-development; therefore, the incorporation of the BMPs 
described below will result in improved hydrologic conditions and will not reduce existing 
sediment supplies by covering native vegetated areas. 

Preserve Natural Hydrologic Conditions 

The Project will 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.  The total Project site consists of 650 acres and 514 of 
these acres will remain unchanged as a result of this development (79% unchanged).  
Additionally, the re-grading of the development area will be performed so that existing natural 
drainage patterns are maintained.  

Hydrologic Source Control 

Disconnecting impervious areas from the drainage network and adjacent impervious areas is a 
key approach to protecting channel stability. Hydrologic source controls included in the Project 
that will limit impervious area and disconnect imperviousness to avoid and minimize 
hydromodification impacts include:  
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 Site Design: Site design BMPs that help to reduce runoff volume from the Project will 
include the routing of stormwater runoff to vegetated areas and/or LID BMPs.  This Project 
will result in less impervious area compared to existing conditions, which will promote the 
natural filtration of runoff. 

 LID BMPs: The Project’s LID BMPs also will serve as hydromodification source control 
BMPs. LID BMPs, including pervious pavement, bioswales, vegetated roofs, and 
infiltration basins, will provide volume reduction such that the entire design storm (85th 
percentile – 24 hour) volume from development will be fully captured and infiltrated on the 
Site.  In addition, these facilities are expected to receive and eliminate any dry weather 
flows.  

Project-Based Flow Control 

Two detention basins also are proposed to maintain historic runoff rates, velocities, volumes, and 
depth/width ratios of discharges to the natural drainage.  A small detention basin is proposed to 
capture runoff from an impervious parking lot and a larger detention basin is proposed to capture 
runoff from the remaining portion of the development area.  Both of these detention basins were 
sized to capture and distribute up to the 50 year storm and are outlet controlled so that the 
discharging flow will be equal or less than the existing discharge to the natural drainage for the 
2-, 5-, 10-, 25-, and 50-year storms as compared to existing site conditions. Stream 
erosion/deposition and sediment transport processes are functions of the long-term cumulative 
effects of geomorphically significant flows. Maintaining the peak values of geomorphically 
significant flows maintains the existing capacity to transport sediment. Flow control maintains 
the existing (pre-development) peak runoff rates and velocities within prescribed limits to 
minimize hydromodification impacts in natural receiving waters. The LID BMPs included in the 
Project provide volume reduction in addition to water quality improvements that would result in 
the Project site having less volume released than the current site.  
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6. ANALYSIS METHODOLOGY 

6.1 Water Quality Model Overview 

To estimate average stormwater runoff volumes as well as pollutant loads and concentrations, a 
spreadsheet-based pollutant loadings model was constructed.  Figure 8 shows the conceptual 
design of the storm water pollutant load model.  Inputs include Project land uses, percent 
imperviousness, average annual rainfall, drainage area boundaries and acreages, pollutant event 
mean concentrations (EMC) by land use type, BMP types, BMP effluent concentrations, BMP 
percent volume reduction, and BMP percent volume capture.  The calculations were done for the 
existing, proposed without BMPs, and proposed with BMPs conditions. 

Figure 8:  Conceptual Diagram of Pollutant Load Model  
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6.2 Model Input Parameters 

Hydrologic Parameters 

Land uses, percent imperviousness, and drainage areas were derived from The Malibu Institute 
Drainage Concept/Hydrology Report (Triad/Holmes Associates, 2013).  The total analysis area 
(650 acres) was defined by the Project site. As mentioned previously, for purposes of modeling, 
land uses were grouped into categories of HDSF Res1, commercial, open space, and golf course 
(Figure 3a).  

Percent imperviousness values were computed for the 20.8 acre development area, the 629.2 acre 
remaining area, and the 650 acre total analysis area (Table 6-1), based on the imperviousness 
data provided in The Malibu Institute Drainage Concept/Hydrology Report (Triad/Holmes 
Associates, 2013).  There is an overall decrease in imperviousness with the Project under the 
proposed conditions despite the increase in development.   This is a result of the addition of 
green roofs and pervious pavement, which are considered to be only partly impervious in the 
table below, covering the impervious building rooftops and replacing nearly half of the 
impervious pavement. 

Table 6-1: Impervious Areas within the Project Site  

Total Property Acreage 
Units Development Area Remaining Area Total Site 

acres 20.8 629.2 650 

Development Condition 

Existing 
Imperviousness1  % 28% 0.3% 1.2% 

Impervious acreage1 acres 5.8 2.0 7.8 

Proposed 

Imperviousness1 % 12% 0% 0.6% 
Impervious acreage1 acres 2.6 1.5 4.1 
Partly impervious2 % 51% 0.08% 1.7% 
Partly impervious acreage2 acres 10.5 0.5 11.0 

1  Impervious pavement, buildings, impervious golf cart pathways 
2  Green roofs, pervious pavement, pervious golf cart pathways 

                                                 

1 The HDSF Res land use is being used in the water quality model to represent the portion of the Project site 
occupied by 160 rooms to be used for overnight accommodations.  However, there will not be any actual residential 
land uses on the Project site.  This is a conservative assumption in that these temporary accommodations will be 
occupied less often than would true residences. 
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Land Use EMC Data 

For the existing and “proposed with BMPs” conditions, average annual pollutant loads were 
computed for each land use by multiplying average annual runoff volumes by the corresponding 
geometric mean pollutant event mean concentration (EMC), based on local land use runoff 
monitoring data originates from Los Angeles County.  Average annual runoff volume is 
calculated by multiplying the runoff coefficient by the average annual precipitation (in) and the 
drainage area (ac) of each land use, as shown in Figure 7.  Runoff coefficients were provided by 
Triad/Holmes Associates for each type of land cover (impervious pavement, buildings, landscape 
areas, bioretention, pervious and impervious pavement, green roof, undeveloped, and golf 
course) which were then weighted and redistributed based on the broader land use categories 
assigned to the Project site (Table 6-2). 

Table 6-2:  Runoff Coefficients (C) Assigned to Each Land Use 

Land Use 

Existing Condition Proposed Condition 

Area (ac) C Area (ac) C 

HDSF Residential* 0.0 NA 9.6 0.25 

Commercial 12.8 0.50 11.3 0.47 
Open 522.2 0.02 522.2 0.02 

Golf course 115.1 0.114 107.0 0.109 
Total 650 0.046 650 0.046 

* The HDSF Res land use is being used in the water quality model to represent the portion of the Project site 
occupied by 160 rooms to be used for overnight accommodations.  However, there will not be any actual residential 
land uses on the Project site.   

The Los Angeles County Stormwater Monitoring Program was initiated with the goal of 
providing technical data and information to support effective watershed stormwater quality 
management programs in Los Angeles County and southern California. Specific objectives of 
that 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 eight land use stations and five mass emission stations 
that were tested for 82 water quality parameters. These data were published in two reports: Los 
Angeles County 2000-2001 Stormwater Monitoring Report, 2001 and Los Angeles County 1994-
2000 Integrated Receiving Water Impacts Report, 2000. 

The Los Angeles County dataset utilized to define potential pollutant loads from land uses at that 
project were collected from an aggregate of 110 storms in the greater Los Angeles area over 6 
years, representing a total of 4,826 sample analyses for all monitored constituents for the 
commercial and single family residential land use characterization stations.  For this modeling 
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effort, recent regional EMC data from Los Angeles County were applied (LACDPW, 2001).  
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 development (except the golf course).  
Data from developed land uses that were similar to the uses anticipated for this Project were 
selected to the extent possible.  For example, data from stormwater monitoring of an open space 
site by Los Angeles County is used to represent stormwater concentrations from open space 
areas within the Project site. 

The land use stations used to develop water quality modeling parameters are listed in Table 6-3 
with a brief description of the station site and the years monitoring data were collected. 

Table 6-3: LA County Land Use Monitoring Stations used for Water Quality Modeling 
Station 
Name Station 

Modeled Land 
Use Site Description 

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. Catchment 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 

Project 
620 

S18 Single-Family 
Residential 

(HDSF Res*) 

Located in Los Angeles River watershed in 
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 

Sawpit 
Creek 

S11 Open Space 
(Vacant) 

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. Catchment area is approximately 
3,300 acres. 

1995-2001 

* The HDSF Res land use is being used in the water quality model to represent the portion of the Project site 
occupied by 160 rooms to be used for overnight accommodations.  However, there will not be any actual residential 
land uses on the Project site.   

The Los Angeles County stormwater quality monitoring data used for the water quality model is 
summarized in Table 6-4 (number of samples and percent detect shown for each land use-
pollutant combination).  The computed arithmetic mean EMC values are reported in Table 6-5.  
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Golf course EMCs for metals were assumed equal to values for the open/vacant land use, while 
nutrients and TSS EMCs were based on golf course runoff monitoring studies (Copp, et al, 1995; 
Kolasa, 1999; Reicher et al, 1999; Kaapro, 2000; Casey and Klaine, 2001.)  The other POCs, 
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. 

Table 6-4: LA County Land Use EMC Data Summary 

Pollutant 
Commercial HDSF Res1 Golf Course Open/Vacant 

No. 
Samples 

% 
Detect 

No. 
Samples 

% 
Detect 

No. 
Samples 

% Detect 
No. 

Samples 
% 

Detect 

TSS 31 100% 41 100% Unknown Unknown 48 98% 

Nitrate 33 79% 43 70% Unknown Unknown 50 98% 

TKN 36 97% 46 100% Unknown Unknown 50 100% 
Total 

Phosphorus 
32 97% 42 100% Unknown Unknown 46 59% 

Total Copper 40 100% 48 96% 21 100% 52 62% 

Total Lead 40 55% 48 48% 21 100% 57 12% 

Total Zinc 40 100% 48 56% 21 100% 52 23% 
1 The HDSF Res land use is being used in the water quality model to represent the portion of the Project site 
occupied by 160 rooms to be used for overnight accommodations.  However, there will not be any actual residential 
land uses on the Project site.  

Table 6-5: Arithmetic Mean Land Use EMC Values 

Pollutant Units Commercial HDSF Res1 Golf Course2 Open/Vacant 

TSS mg/L 67 124 38 217 

Nitrate mg/L-N 0.55 0.78 0.43 1.17 

TKN mg/L 3.44 2.96 1.8 0.96 

Total 
Phosphorus 

mg/L 0.4 0.4 0.32 0.12 

Total Copper µg/L 31.4 18.7 10.6 10.6 

Total Lead µg/L 12.4 11.3 3.0 3.0 

Total Zinc µg/L 237.1 71.9 26.3 26.3 
1 The HDSF Res land use is being used in the water quality model to represent the portion of the Project site 
occupied by 160 rooms to be used for overnight accommodations.  However, there will not be any actual 
residential land uses on the Project site.   
2 Golf course EMC values for nutrients and TSS are geometric mean values. 
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BMP Performance 

Various data sources were examined to estimate the anticipated performance of the proposed 
BMPs, including the American Society of Civil Engineers (ASCE) and EPA database recently 
compiled by ASCE’s Urban Runoff Research Council (Strecker, et al., 2001). The ASCE 
National Stormwater BMP Database is the most recent and robust database available to analyze 
the effects of a variety of BMPs on stormwater quality (available at www.bmpdatabase.org).  
The ASCE Database is comprised of studies that have monitored the effectiveness of a variety of 
BMPs in treating water quality pollutants.  Typical information included in each study is a 
description of the BMP, the drainage area with dominant land uses, influent concentrations, 
effluent concentrations, and removal efficiencies. 

There is increasing evidence that stormwater treatment BMPs are better characterized by effluent 
(treated stormwater flowing out of a BMP) quality rather than percent removal (Strecker, et al, 
2001).  Percent removal is simply the percentage reduction of pollutant concentration in the 
effluent compared with the influent (stormwater flowing into a BMP) pollutant concentration.  
For example, if, for a given constituent, the influent concentration to a BMP is 50 mg/L and the 
BMP results in an effluent concentration of 10 mg/L, the percent removal is 80 percent.  The 
characterization of pollutant removal for a BMP with effluent water quality is preferred because 
it is less influenced by influent water quality.  A BMP may show high removal efficiency if the 
concentration of the constituent entering the BMP is high, however if the concentration of the 
constituent entering the BMP is low, the removal efficiency is typically lower.  The results of the 
analysis of the stormwater monitoring data in the ASCE/EPA database (Strecker, et al., 2001) 
show little relationship between influent and effluent water quality for structural BMPs.  
Therefore, where data were available, performance was defined in terms of BMP effluent water 
quality (along with the estimated amount of runoff treated and untreated) because this is 
considered a more reliable measure of performance compared to percent removal efficiency. 

The development area of the Project site is divided into two sub-drainage areas, each of which 
would be treated by some combination of upgradient BMPs in addition to a downstream 
detention/infiltration basin.  For the purpose of modeling pollutant load reduction within the 
developed portion, the effluent concentrations are represented solely by detention basin effluent 
concentrations, regardless of the combination of upgradient distributed BMPs (e.g., bioswales, 
inlet filters, etc.).  This is based on the fact that a detention basin is located at the downstream 
end of each sub-drainage within the development area, and all runoff from the site is therefore 
ultimately treated by detention basins. This is a conservative assumption in that in most drainage 
areas, runoff will actually be treated by multiple BMPs in series, resulting in a higher degree of 
treatment (and volume losses) than would result from a single BMP alone. For example, the 
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model does not include treatment through the inlet filters or the bioswales, although the inlet 
filters and swales will contribute to the overall effectiveness of the “treatment train”.  Therefore, 
the actual quality of runoff from the Project would likely be better than predicted by the model. 

For the proposed condition, average annual pollutant loads were computed for each drainage area 
by multiplying average annual runoff volumes by the mean arithmetic BMP effluent 
concentrations for detention basins (except when mean effluent concentrations exceeded the 
influent, in which case the effluent was set equal to the influent and no reduction was achieved).  
This information is based on 1999-2005 data from the International Stormwater BMP Database 
(BMP Database, 2006).  Table 6-6 summarizes the number of BMP data points that form the 
basis for each effluent value reported, and Table 6-7 summarizes the BMP effluent 
concentrations used for the pollutant load analysis.   

Table 6-6: Number of Detention Basin Effluent Concentration Studies 

Pollutant No. of Studies 

TSS 177 

NO3-N 103 

TKN 97 

Total Phosphorus 174 

Total Copper 184 

Total Lead 146 

Total Zinc 215 

 

Table 6-7: International BMP Database Arithmetic Estimates of Detention Basin Effluent 
Concentrations 

Pollutant Units Detention Basin Effluent Concentration 

TSS mg/L 40.5 

NO3-N mg/L 0.77 

TKN mg/L 1.61 

Total Phosphorus mg/L 0.19 

Total Copper mg/L 0.017 

Total Lead mg/L 0.023 

Total Zinc mg/L 0.093 

 
The Nomograph Method, presented in the Orange County Technical Guidance Document 
(OCPW, 2011) was used to determine the percent capture (treatment) volume of the detention 
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basins in the development area (20.8 acres total), assuming a 96-hour drawdown of the detention 
basins (LARWQCB, 2012) and a 1.15-inch design storm.  Orange County’s approach was used 
because the Los Angeles County Hydrology Manual does not contain similar methodology for 
percent capture estimates.  In this analysis, no upstream hydrologic source controls (i.e., swales, 
biofilters, green roofs, etc.) were considered as part of the capture efficiency of the Project site.  
To determine the capture efficiency, a single basin was modeled to fulfill the storage requirement 
of 2 ac-ft (Triad/Holmes Associates, 2013).  Per this analysis, it was determined the detention 
basin’s capture efficiency was approximately 93% of the runoff over the average wet year. 

The water quality model takes into account conditions when the treatment detention basins are 
full and flows are bypassed.  The detention basins were modeled assuming 93% average annual 
volume capture (i.e., entering the BMP and receiving treatment), and therefore 7% percent of the 
average annual runoff volume is bypassed or overflows (i.e., assumed to receive no treatment).  
However, since the ponds are in-line, there likely would be some treatment.   

The sand caps are assumed to be sized to meet or exceed the County’s flow and volume-based 
BMP design requirements as described in the MS4 Permit.  Since these design criteria are 
generally based on 80% average annual volume treatment or more, an assumption of 80% 
volume capture is considered reasonable and conservative.   

In addition to water quality improvements, the treatment control BMPs also will provide runoff 
volume reduction benefits.  Analysis of influent and effluent flow monitoring data contained in 
the International Stormwater BMP Database for dry extended detention basins demonstrates 
about 30% percent or greater volume reduction through these systems.  Therefore, 30% volume 
reduction was conservatively estimated to occur in the Project’s infiltration basins.   To be 
conservative, no additional volume reduction was considered in the upstream distributed BMPs 
(bioswales, green roofs, pervious pavement, and bioretention).  Although volume reduction data 
are not available for sand caps (this is a particularly unique treatment BMP type), like the 
bioswales, the sand caps similarly will encourage infiltration and evapotranspiration while 
simultaneously providing stormwater retention and filtration benefits.  Given the relatively high 
BMP-area-to-drainage-area ratio of the sand caps, thus maximizing 
infiltration/evapotranspiration surface area, this is considered a conservative assumption for 
these devices. 

Finally, average annual pollutant loads were computed as shown earlier in the conceptual 
pollutant load model diagram.  For the proposed condition, this involves computing the volume 
treated for each land use-BMP combination.  This is calculated as the product of the percent 
runoff volume captured by the BMP and the percent of the captured volume not reduced by 
infiltration or evaporation.  To compute loads, these volumes were then multiplied by the 
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minimum of the average land use EMCs and the average detention basin effluent concentrations.  
Bypassed loads were then added; these were computed as the product of runoff volume 
bypassed, land use EMCs, and runoff volumes.  Average annual pollutant concentrations were 
then determined by dividing average annual total pollutant loads by average annual runoff 
volumes for each pollutant and for each Project condition (existing and proposed). 

6.3 Hydromodification Model Overview 

The hydrology and hydraulics of the 2-, 5-, 10-, 25-, and 50-year storm events were analyzed by 
Triad/Holmes and Associates (2013) using the Modified Rational Method (Modrat) and 
StormCad/HEC-RAS, respectively, per the requirements of the LA County LID Manual 
hydromodification criteria.  More specifically, the LAR04 program was used to implement the 
Modrat, which is a modified version of Los Angeles County Public Works Department’s F0601 
program. This program uses the Los Angeles County Flood Control District program source code 
for the F0601 series programs but also includes an independent program module which assists 
the user in preparing an input data file for use by the F0601 program.  Additionally, the LID 
calculator was used to model the LID/SUSMP 85th percentile 24-hour design storm to predict the 
volume requiring mitigation as a result of the proposed development.    

The hydrology of pre- and post-development conditions was modeled for all runoff discharging 
into Trancas Creek from the 650-acre Project site. The area tributary to the Project discharge 
point was divided into subcatchments (individual catchment sizes vary) and catchment 
characteristics including area, soil type, imperviousness, rainfall depth, and time of concentration 
were determined. Times of concentration for each catchment for each storm event analyzed were 
determined using the LA County Public Works Tc Calculator. Catchments were hydrologically 
connected by stream segments, represented in the model by length, roughness, channel type, and 
size. Specific model inputs are described in more detail in the Triad/Holmes and Associates 
(2013) Malibu Institute Drainage Concept/Hydrology Report for TR071735.  

The hydraulics of the pre- and post-development conditions were modeled for Trancas Creek in 
HEC-RAS for a reach extending through the Project site per the methodology outlined in the 
1982 LA County Flood Control District Hydraulics Design Manual (LA County Flood Control 
District, 1982). Cross-sections were spaced at 5 to 10 foot intervals for the entire reach 
depending on reach slopes. The flow rates developed for the 2-, 5-, 10-, 25-, and 50-year storms 
based on the Modrat analysis discussed above were used as hydrologic input to the HEC-RAS 
model. Additional details on the HEC-RAS model can be found in Appendix C to the 
Triad/Holmes and Associates (2013) Malibu Institute Drainage Concept/Hydrology Report for 
TR071735. 
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6.4 Project Design Feature Assumptions 

Water quality and hydromodification BMPs were reflected in post-development hydrologic 
models performed by Triad/Homes Associates.  It was not feasible to add hydrologic constraints 
within the LAR04 model to represent the proposed detention basins.  However, because the 
detention basins were designed to produce flows equal to or less than the pre-development 
conditions, the pre-development hydrology conditions were used in these areas within the 
LAR04 model.  Separately, the detention basins were modeled to determine the size capable of 
reducing post-development peak flow rates, velocities, depth/width ratios, and storm volumes to 
pre-development conditions for the 2-, 5-, 10-, 25-, and 50-year storms.  Additionally, the 
stormdrains on the Project site are considered to be undersized and therefore were not modeled, 
except for the existing 66” RCP stormdrain.  Therefore, the runoff on the golf course was 
modeled as surface flow, except when conveyed through the 66” RCP stormdrain. Additional 
details and assumptions can be found in the Malibu Institute Drainage Concept/Hydrology 
Report for TR071735 prepared by Triad/Holmes Associates (Triad/Holmes Associates, 2013).
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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 POCs follow in Section 7.2. Analyses of dry weather impacts and compliance 
with NPDES Permit requirements, groundwater impacts, and cumulative impacts are also 
included in this section. The assessment uses a weight of evidence approach using the various 
significance criteria and thresholds, as presented in Section 4.4 

7.1 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 BMPs are compared with benchmark receiving water quality 
criteria as provided in the Basin Plan (1994) and the CTR. 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 Project site, 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 Tables 7-1 and 
7-2, which show predicted mean annual pollutant loads (lb/yr) and mean annual concentrations, 
respectively, for the modeled POCs for the Project.  Projections are reported for three Project 
conditions:  

(1) Existing condition;  

(2) Proposed conditions without BMPs; and  

(3) Proposed conditions with BMPs.   

Tables 7-1 and 7-2 show for all modeled pollutants, the Project’s proposed site conditions with 
BMPs included yield lower pollutant loads and concentrations than the Project’s proposed site 
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with no BMPs, as well as the existing site conditions. This is because the Project will primarily 
redevelop areas that currently do not receive BMP treatment and the overall imperiousness of the 
Project site is decreasing because of the green roofs, pervious pavement, and bioretention, which 
are taken into account in the runoff coefficients of each land use and factor into load and volume 
reductions.  These BMPs, however, are not taken into account in the concentration reductions of 
the modeled constituents since only the detention basin was modeled as treatment for the Project 
site.  That considered, concentration reductions are likely to be even greater than what was 
shown in the model.  Table 7-3 compares the Project’s proposed condition runoff quality to the 
benchmark water quality objectives and criteria.   

Table 7-1: Predicted Average Annual Runoff Volume and Pollutant Loads for the Project 

Parameter Units 
Existing 

Conditions 

Proposed 
Conditions, 
w/o BMPs 

Proposed 
Conditions, w/ 

BMPs 

Percent Change, 
existing vs. proposed w/ 

BMPsa 

Volume ac-ft 53.7 53.4 44.6 -17% 

TSS lb/yr 15,508 16,333 13,876 -11% 

Total Nitrogen lb/yr 375 381 270 -28% 

NO3-N lb-N/yr 104 107 95 -9% 

TKN lb/yr 271 274 175 -35% 

Total Phosphorus lb/yr 39.0 39.2 25.6 -34% 

Total Copper lb/yr 2.192 2.168 1.348 -38% 

Total Lead lb/yr 0.731 0.776 0.573 -22% 

Total Zinc lb/yr 10.391 9.788 4.752 -54% 
a  + = percent increase     - = percent decrease 
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Table 7-2: Predicted Average Annual Pollutant Concentrations for the Project 

Parameter Units 
Existing 

Conditions 

Proposed 
Conditions, 
w/o BMPs 

Proposed 
Conditions, w/ 

BMPs 

Percent Change, 
existing vs. proposed 

w/ BMPsa 

TSS mg/L 106 112 115 +8% 

Total Nitrogen mg/L 2.57 2.62 2.22 -13% 

NO3-N mg/L 0.71 0.74 0.78 +10% 

TKN mg-N/L 1.85 1.89 1.44 -22% 

Total Phosphorus mg/L 0.267 0.270 0.211 -21% 

Total Copper mg/L 0.015 0.015 0.011 -26% 

Total Lead mg/L 0.005 0.005 0.005 -6% 

Total Zinc mg/L 0.071 0.067 0.039 -45% 
a + = percent increase     - = percent decrease 

 
Table 7-3: Comparison of Predicted Pollutant Concentrations with Water Quality Criteria  

Parameter Units 
Predicted Avg. Annual Project 

Stormwater Discharge 
Concentrations 

MGC CUP (1999) 
Required Levels 

CTR 
Benchmarksb 

TSS mg/L 115 narrativea NA 

Total Nitrogenc mg/L 2.22 1.00 NA 

NO3-N mg-N/L 0.78 - NA 

TKN mg/L 1.44 - NA 

Total Phosphorus mg/L 0.21 0.10 NA 

Total Copper mg/L 0.011 NA 0.020 

Total Lead mg/L 0.005 NA 0.128 

Total Zinc mg/L 0.039 NA 0.161 
a “Waters shall not contain suspended or settleable material in concentrations that cause nuisance or adversely 
affect beneficial uses.”  
b CTR freshwater acute CMC limits for metals (assume 10th percentile hardness, 142 mg/L as CaCO3) 
c According to the MGC CUP (1999), “Nitrogen levels shall be less than 1 mg per liter exiting the property.  
Nitrogen levels shall be monitored through the measurement of nitrate-N, nitrite-N, organic-N, and ammonia-N. 
The combined nitrogen levels from these sources shall not exceed 1 mg per liter.” 

Runoff Volume 

Comparison of Existing and Proposed Project Conditions:  Average annual runoff volume is 
expected to decrease from 53.7 ac-ft/year in the existing condition to 44.6 ac-ft/yr in the 
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Project’s proposed condition (with BMPs). This volume reduction is attributable to a decrease in 
imperviousness (due to green roofs, bioretention, pervious pavement, etc.) and the volume 
reduction achieved within the infiltration basins and sand caps proposed for the Project.  Though 
not reflected in the model, the combination of bioretention systems, pervious pavement, and 
green roofs also are predicted to provide runoff volume reduction, and the existing on-site ponds 
will be cleaned of sediment, increasing their capacity; therefore, the actual volume reductions are 
expected to be greater than shown.  A reduction in runoff volume indicates a Project benefit, in 
that runoff is retained on site, contributing to increased groundwater recharge and 
evapotranspiration.   

Total Suspended Solids 

Comparison of Existing and Proposed Project Conditions: The TSS concentration is expected to 
increase marginally from 106 mg/L in the existing condition to 115 mg/L in the proposed 
condition (with BMPs), while the average annual TSS load is expected to decrease by 11% in 
Project stormwater runoff due to volume loss and treatment capabilities of the proposed BMPs.  
The slight increase in TSS concentration partly may be attributed to the introduction of HDSF 
Residential land use2 (TSS EMC = 124 mg/L), which has a higher EMC value than the golf 
course land use (TSS EMC = 38 mg/L) it will replace.   

Also, the runoff volume reduction achieved in the detention basins within the development area 
partly may be responsible for increasing TSS effluent concentrations due to a decrease in dilution 
on a site-wide basis (i.e., there is less runoff from the development area in the proposed 
condition than in the existing condition, which has the effect of providing less calculated 
“dilution” for the runoff from open space). Therefore, as runoff volume decreases, concentration 
increases slightly.  When the 20.8 acre development area is analyzed separately, however, 
concentration decreases from 63 mg/L in the existing condition to 45 mg/L in the proposed 
condition (with BMPs), illustrating the development itself is not causing the increase in TSS 
concentrations. 

Comparison with Water Quality Criteria: The water quality criterion for TSS is narrative, and 
the predicted average annual TSS concentration in stormwater runoff from the Project (with 
BMPs) could not be quantitatively assessed relative to a quantitative water quality criterion.  
Based on the predicted reduction in average TSS load, the Project’s comprehensive site design, 

                                                 

2 The HDSF Res land use is being used in the water quality model to represent the portion of the Project site 
occupied by 160 rooms to be used for overnight accommodations.  However, there will not be any actual residential 
land uses on the Project site. 
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source control, and treatment control strategy, and the low predicted Project concentration, the 
TSS in stormwater runoff from the Project is not expected to “cause a nuisance or adversely 
affect beneficial uses in the receiving waters,” consistent with the Basin Plan’s (1994) narrative 
objective.   

Nutrients 

Comparison of Existing and Proposed Project Conditions: Average annual loads for TKN and 
total phosphorus are predicted to decrease with implementation of the Project by 35% and 34%, 
respectively.  Average annual concentrations similarly are predicted to decrease through 
treatment mechanisms of the proposed BMPs by 22% and 21%, respectively. Although the 
nitrate concentration is expected to increase by 10%, the nitrate load is expected to decrease by 
9% due to volume loss through the BMP.  Also, the total nitrogen load (sum of TKN and nitrate 
loads) is predicted to decrease, from 375 lb/yr to 269 lb/yr (28% decrease). 

Source control BMPs that target nutrients include educational materials on the proper handling 
of fertilizers and pet waste management, the use of integrated pest management practices for golf 
courses and common area landscape management, the development of a Golf Course Water 
Quality Management Plan (including plans for optimized fertilizer application practices), the use 
of native and/or non-invasive vegetation, and the use of efficient irrigation systems in common 
and golf course areas.  Only the effects of the detention basin BMP are reflected in the model 
results.  As a result, the analysis is conservative. 

Comparison with Water Quality Criteria: The Basin Plan (1994) contains biostimulatory-based 
“desired goals” for total nitrogen. The combined predicted average annual concentration for 
nitrate and TKN is higher than the desired goal for total nitrogen of 1.0 mg/L.  The predicted 
average annual concentration for TP also is higher than the desired goal of 0.1 mg/L.  However, 
if no BMPs were implemented at the site, the proposed conditions would increase these pollutant 
concentrations above the concentrations estimated for the existing conditions and land uses. With 
the BMPs, the Project will improve nutrient loadings as compared to current conditions for TKN 
and TP.  Similarly to TSS, nitrate concentration is shown to increase in the model because the 
largest source and highest concentration of nitrate is from open space in both the existing and 
proposed conditions. In the proposed condition, there is less runoff from the development area 
than in the existing condition, which has the effect of providing less “dilution” for the runoff 
from open space.  Also, detention basins typically do not provide statistically significant 
reductions to nitrate concentrations. 
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Based on the comprehensive site design, source control, and treatment control strategy, potential 
impacts associated with nutrients are predicted to be less than significant due to the overall 
reduction of nutrient loads from existing to proposed conditions. 

Metals 

Comparison of Existing and Proposed Project Conditions: Average annual loads for total 
copper, total lead, and total zinc are predicted to decrease by 38%, 22%, and 54%, respectively, 
from the existing to proposed condition, based on changes in land use, volume reduction, and 
treatment within the BMPs. Average annual concentrations of these metals are also predicted to 
decrease by 26%, 6%, and 45%, respectively.   

Sources of metals include automobile components, infrastructure materials, and atmospheric 
deposition.  Specific source controls that will be implemented to minimize increases in trace 
metals include directing drainage from impervious areas to vegetated BMPs.  Source controls 
that target metals include education for site operators and guests and proper BMP maintenance.  
Only the effects of the detention basin BMPs are reflected in the model results. 

Comparison with Water Quality Criteria: The CTR criteria are the applicable water quality 
objectives for protection of aquatic life.  The CTR criteria are expressed for acute (1 hour) 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 comparison of the predicted average annual stormwater discharge concentrations for the 
proposed condition to the benchmark CTR values shows that total lead, copper, and zinc 
concentrations are predicted to be less than the benchmark water quality criteria.   

Therefore, because the metals concentrations will be reduced over existing conditions and they 
are predicted to be less than the CTR, the Project is expected to have a less than significant 
impact on surface water quality resulting from the discharge of trace metals. 

7.2 Impact Assessment for Pollutants of Concern Addressed without Modeling 

The following POCs were analyzed qualitatively due to either limited storm water monitoring 
data, because the constituents are more difficult to measure (and therefore sufficient monitoring 
data is not available or is not statistically reliable), because available data indicates levels of the 
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pollutants below detection limits, and/or because meaningful determinations about the effect of 
the pollutants on water quality could not be made from a quantitative analysis:   

 Pesticides 
 Pathogens  
 Hydrocarbons 
 Trash and debris 
 Oxygen demanding substances 
 Temperature 
 pH 

Pesticides 

Pesticides can be of concern where past farming practices involved the application of persistent 
organochlorine pesticides or with maintained landscape areas, like golf courses.   

In the proposed condition, pesticides may be applied to common landscaped areas, residential 
lawns and gardens, and the golf course.  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 seldom were measured above detection limits.  
Furthermore, these data represent flows from areas without treatment controls, unlike the Project, 
which will incorporate treatment control BMPs. 

Diazinon and chlorpyrifos are two pesticides of concern due to their potential toxicity in 
receiving waters.  The EPA banned all indoor uses of diazinon in 2002 and stopped all sales for 
all outdoor non-agricultural use in 2003 (EPA, June, 2002)3.  With no agricultural uses planned 

                                                 

3 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.  
Retail sales of chlorpyrifos were stopped by December 31, 2001, and structural (e.g. construction) uses were 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 EPA ban will eliminate most of the use of diazinon within the 
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for the Project, diazinon would not be used at the Project site.  The EPA also has 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 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 appropriate application practices in accordance with the golf 
course and landscape pesticide management program.   

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 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 BMPs.  Thus, treatment in the bioretention, 
vegetated swales, media filtration, and detention basins should achieve some removal of 
pesticides from stormwater as TSS is reduced.   

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.  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 around the overnight accommodations of the development, careful selection, storage 
and application of these chemicals for use in common areas will help prevent adverse water 
quality impacts from occurring.  Additionally, as discussed above, removal of sediments in the 
BMPs also will remove sediment-adsorbed pesticides. Based on the incorporation of site design, 
source control, and treatment control BMPs, potential post-development impacts associated with 
pesticides are expected to be less than significant. 

                                                                                                                                                             

NRSP area.  The use of diazinon for many agricultural crops has been eliminated (EPA 2001), while some use of 
this chemical will continue to be permitted for some agricultural activities. 
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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 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 
indicate scientific studies show no correlation between pathogens and therefore may not indicate 
a significant potential for causing human illness (Paulsen and List, 2005).  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).   

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, which are the 
focus of the Project BMPs, 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.  

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).  

Data collected from undeveloped watersheds or watersheds with little development indicate that 
bacterial standards are often exceeded from undeveloped areas. For example, monitoring data 
obtained by Los Angeles County (LACDPW, 2000) for the 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).  EPA has recognized that routine exceedances of ambient 
water quality criteria due to natural sources of pollution occur.  In response, EPA has 
recommended changes to designated uses as the most appropriate way to address these situations 
(Paulsen and List, 2005).   
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EPA 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 Project.   

Additionally, a study conducted by PBS&J in coastal watersheds near Laguna Beach in Orange 
County (PBS&J, 1999) found 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 the development of the Project would not result in appreciable changes in pathogen 
levels in the receiving waters compared to existing conditions.  In fact, due to the volume 
reductions and BMP treatment, the pathogen loads are expected to decrease. 

The primary sources of fecal coliform from the Project likely would be sediment, wildlife, and 
growth in the storm drain system 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 following the construction 
of the Project.  

The levels of bacteria in runoff from the Project will be reduced by virtue of the proposed source 
control and treatment control BMPs.  The most effective means of controlling wastes from 
human interaction with wildlife is through source control, specifically 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.   

Although there are limited data on the effectiveness of vegetated swales to treat pathogen 
indicators, the treatment processes known to be occurring in swales involve sunlight (ultraviolet 
light) degradation, sedimentation, and infiltration, all of which can reduce pathogen 
concentrations and loads.  The proposed swales are to be located on relatively infiltrative soils 
and pathogen removal by filtration is a common and effective practice in wastewater treatment.   

In addition to removal/treatment by vegetated swales, sand caps are proposed for the Project.  
Bioretention is a filtration-type BMP similar in function to the sand caps, as it relies on filtration 
through the soil column for water quality treatment.  Filtration is one of the more effective means 
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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 the first ½ 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 (p<0.05) 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, EPA reported typical pathogen 
removal for infiltration basins and trenches as 65 to 100 percent (EPA, 1993).  Over 50% 
average indicator bacteria concentration reductions were also reported in the following additional 
sand filter performance studies: Caltrans, 2004, Schueler, 2002, Glick, et. al, 1998, Galli, 1990, 
and Rusciano, 2005. 

In summary, the Project will include a comprehensive set of source and treatment control BMPs 
selected to manage pathogen indicators, reduce their loadings and therefore potential post-
development water quality impacts related to pathogens are considered less than significant. 

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.  

The concentration of hydrocarbons in runoff is expected to decrease under post-development 
conditions due to the treatment BMPs proposed.  Source control BMPs 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.  
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Lastly, the parking lot site design, source controls, treatment BMPs and vegetation and soils 
within the treatment control BMPs 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 vegetated 
swales, detention basins, bioretention, and sand caps proposed as BMPs, which are designed to 
treat pollutants through stormwater capture/reuse, 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 BMPs 
should result in a significant 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.  In addition, the Project will reduce loadings of PAHs over the existing 
conditions.  On this basis, hydrocarbon concentrations in post-development runoff discharges are 
not expected to significantly impact the receiving waters of the Project site.  

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 7.3 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 impacts related to hydrocarbons on water quality are 
considered less than significant. 
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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 
waters. Trash and debris can also be mobilized by wind and transported directly into waterways.  
Trash and debris can impose an oxygen demand on the water body as organic matter 
decomposes.  

Urbanization could significantly increase trash and debris loads if left unchecked.  However, the 
BMPs, including source control and treatment BMPs, will minimize the adverse impacts of trash 
and debris and with the site BMPs should reduce them over existing conditions.  Source controls 
such as public education 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, and emptying of trash 
receptacles in a timely fashion. Catch basin inserts will be provided for parking lot inlets (when 
stormwater is routed to a below ground inlet instead of directly to a bioswale or bioretention 
area).  The BMPs 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 will not significantly impact the receiving waters of the Project 
site. 

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 in the SWPPP will reduce impacts from trash and 
debris to a less than significant level. See Section 7.3 below for a full discussion of Construction 
Related Impacts. 
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Oxygen Demanding Substances 
Concentrations of the oxygen demanding substances, including TN and TP in stormwater runoff, 
are expected to decrease after Project development, as discussed above.  In addition, BMPs for 
application, use and management of fertilizers during and after construction will be a part of the 
integrated fertilizer and pest management program.  Structural controls, such as proper cover of 
trash/food service areas and landscape maintenance storage areas, will be employed to prevent 
rainfall from coming in contact with refuse, oil and grease, and other organic matter such as 
grass clippings.  With incorporation of these BMPs the Project will comply with the 
requirements of the MS4 Permit and implementation plans, and Project impacts with respect to 
oxygen demanding substances will be less than significant. 

Temperature 

Stormwater runoff from the Project site will be treated by infiltration basins, pervious pavement, 
green roofs, bioretention, sand caps, and bioswales sized to meet or exceed regulatory 
requirements.  These BMPs will provide temperature reduction in two ways: slowing down 
runoff and increasing infiltration, thereby increasing base flows and reducing the total amount of 
water discharging to the creek and resulting in a decrease to stormwater temperatures from the 
Project site.  Based on this, as well as the fact that beneficial uses for the Project receiving waters 
include warm freshwater habitat, potential post-development impacts associated with 
temperature are expected to be less than significant. 

pH 

The pH of water is an indication of its relative acidity.  The pH level of water can disrupt 
biological function of organisms if either too basic or acidic.  A rise in pH can cause ammonia to 
become toxic to fish, while a drop in pH may increase metals concentrations due to the increased 
ability of metals to dissolve into the water from a sediment-bound state (Missouri DNR, 2007).  
Water pH is therefore an indirect indicator of aquatic toxicity.  Constituents that may cause 
toxicity can include trace metals (e.g., copper, lead, and zinc), pesticides, and polycyclic 
aromatic hydrocarbons.  These primary indicators are adequately represented by direct 
assessment and will be reduced to acceptable levels through the on-site BMPs, making pH less of 
a concern for the Project site. 

The Basin Plan (1994) specifies that “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.”  Existing 
data from Location MGC-5 (Figure 5) shows that the average pH level exiting the most 
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downstream point of the site is 7.35 (n = 29).  These results provide supporting evidence that 
effluent pH from the Project site falls within the acceptable pH range as defined by the Basin 
Plan. 

7.3 Construction Related Impacts 

The analysis of potential impacts of construction activities, construction materials, and non-
stormwater runoff on water quality during the construction phase focused primarily on sediment 
(TSS and turbidity) and certain non-sediment related pollutants. Construction-related activities 
that are primarily responsible for sediment releases are related to exposing previously stabilized 
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. Concrete-related pollutants are also of concern during 
construction. 

Construction impacts due to Project development will be minimized through compliance with the 
Construction General Permit. This permit requires the discharger to perform a risk assessment 
for the proposed development (with differing requirements based upon the determined level) and 
to prepare and implement a Storm Water Pollution Prevention Plan (SWPPP), which must 
include erosion and sediment control BMPs that meet or exceed measures required by the 
determined risk level of the Construction General Permit, as well as BMPs that control the other 
potential construction-related pollutants. A Construction Site Monitoring Program that identifies 
monitoring and sampling requirements during construction is a required component of the 
SWPPP. BMPs required by the Construction General Permit will be incorporated as required for 
the determined level of risk.  For example, although most project are categorized as Risk Level 
2, if final design analysis indicates that the Project will fall under Risk Level 3, the additional 
Level 3 permit requirements will be implemented, as necessary.  

The General Order for Dewatering will minimize impacts from construction dewatering and 
other non-stormwater discharges regulated by the General Order. The discharger would be 
required to screen the effluent for priority pollutants to ensure there are no pollutants present that 
would preclude coverage under the General Order, comply with numeric effluent limitations, 
conduct effluent and receiving water monitoring during the discharge, and submit a discharge 
report to the LARWQCB for every discharge. 
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Erosion and Sediment Control BMPs to be implemented during Construction 

Erosion control BMPs are designed to prevent erosion, whereas sediment controls are designed 
to trap or filter sediment once mobilized. A SWPPP will be developed as required by, and in 
compliance with, the Construction General Permit. The General Permit requires the SWPPP to 
include BMPs to be selected and implemented based on the determined project risk level to 
effectively control erosion and sediment to the BAT/BCT. The types of BMPs to be 
implemented as needed during construction are listed in Section 5.1. 

Based on these factors, the impact of construction-related runoff from the Project will be less 
than significant. 

7.4 MS4 Permit Related Impacts 

The Project will meet the hydromodification performance criteria designated in the LA County 
MS4 NPDES Permit under Part VI.D.7.c.iv.(1)(c)(d)(i) (as discussed in Section 3.7) and, 
therefore, MS4 Permit impacts related to hydromodification are considered less than significant. 

The Project also will meet the water quality performance criteria designated in the LA County 
MS4 NPDES Permit under Part VI.D.7.c.i.(2)(b) (as discussed in Section 3.7) and, therefore, 
MS4 Permit impacts related to water quality are considered less than significant. 

7.5 LID Ordinance Related Impacts 

All site BMPs will be designed in accordance with the County of Los Angeles LID Standards 
Manual (County of Los Angeles, 2009).  As a result, the Project will have a less than significant 
impact on LID impacts related to water quality.  

7.6 Dry Weather Runoff Related Impacts 

The above discussion focused on the changes in water quality during wet weather. However, 
water quality effects during dry weather conditions also are important. The following describes 
potential Project impacts on dry weather water quality. 

A combination of efficient irrigation practices (as a source control BMP) and the use of 
infiltration-type treatment control BMPs will ensure dry weather flows from pervious Project 
areas are captured to the maximum extent practicable.     

Dry weather flows are typically low in sediment because the flow rates are relatively low and the 
more coarse suspended sediment is generally not entrained in these flows or tends to settle out or 
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are filtered out by vegetation. As a consequence, pollutants that tend to be associated with 
suspended solids (e.g., phosphorus, most trace metals, and some pesticides) are typically found 
in very low concentrations in dry weather flows.  Therefore, the focus is on constituents that tend 
to be dissolved (e.g., nitrate) or constituents that are so small as to be effectively transported 
(e.g., pathogen indicators).   

The Las Virgenes Municipal Water District (LVMWD) currently provides potable water service 
to the MGC, and would continue to provide potable water for the Project.  Additional irrigation 
water for the golf course is supplied by six private wells located on-site, which would continue to 
be used by the Project to supplement imported water supplies to meet irrigation demands.  The 
redesigned golf course would be constructed with water conservation features to reduce 
irrigation demands by approximately 33 percent, and would be irrigated by a combination of 
potable water provided by LVMWD, well water from on-site private wells, and reclaimed water 
from the Project’s proposed On-site Wastewater Recycling System.  In order to reduce the 
potential generation of dry weather flows, landscape watering would be controlled by utilizing 
advanced metering systems designed to minimize or eliminate excess watering. Moreover, any 
dry weather flows would be routed to the LID BMPs, which would completely contain them, 
preventing dry weather discharges from the Project. On this basis, the impact of the Project on 
dry weather water quality would be less than significant. 

7.7 Hydromodification Impacts 

Development typically increases impervious surfaces on formerly undeveloped (or less 
developed) landscapes, reducing the capture and infiltration of rainfall.  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 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, 
2005) is addressed in this section. 

Significant adverse hydromodification impacts are presumed to occur if the 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 adversely 
affects beneficial uses. 
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Three strategies will be used by the Project to prevent and control hydromodification impacts to 
the natural drainage: 

 Preservation of natural hydrologic conditions; 

 Project-based hydrologic source control; and 

 Project-based flow control. 

Hydromodification control BMPs developed for the Project are intended to protect the Project’s 
receiving water from hydromodification that typically occurs as a result of development.  As a 
result of the Project, the flow rates, velocities, depth/width ratios, and total storm volumes during 
the 2-, 5-, 10-, 25-, and 50-year storm events are not expected to increase over existing 
conditions due to the preservation of 81% of the site’s current natural hydrologic features, no 
increase in overall Project site imperviousness, the incorporation of LID BMPs to cumulatively 
infiltrate the LID/SUSMP 85th percentile 24-hour storm, and the inclusion of two outlet 
controlled detention basins which control flows associated with storm events exceeding the 85th 
percentile 24-hour storm event up to the 50-year 24-hour storm event.  

The LID calculator, used in accordance with the LID Manual to meet the LID and SUSMP 
hydromodification requirements, calculates the proposed flow and volume requiring mitigation 
from the 85th percentile 24-hour storm due to a project.  The calculator does not provide a means 
of determining existing flows, existing and proposed velocities, or existing and proposed 
depth/width ratios.  However, due to the proposed LID BMPs, the Project is expected to fully 
mitigate the 85th percentile 24-hour storm, protecting the receiving water from any 
hydromodification.  The results from this analysis using the LID calculator are shown in the 
following table.   

Table 7-4:  LID BMP Mitigation Potential Compared to Predicted Site Runoff Volume 
Runoff Volume from the 85th Percentile – 24-hour Storm  

(LID/SUSMP Design Storm) Mitigation 
Potential of LID 

BMPs (ft3) 

% of Site 
Volume 

Mitigated Pre-Development (ft3) Post-Development (ft3) 
Change in Runoff 

Volume (ft3) 
7,563 37,188 29,625 81,444 100 

    
The entire volume from the 85th percentile 24-hour storm will be mitigated as a result of the 
proposed BMPs on the Project site, resulting in the associated post-developed peak flows, 
velocities, and depth/width ratios being less than existing conditions and therefore consistent 
with the performance standard. 
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The following results from the hydrology and hydraulic analysis comparing the pre- and post-
development hydrologic and hydraulic conditions illustrate the Project will achieve the 
hydromodification performance standard for the 2-, 5-, 10-, 25-, and 50-year storms as well.   

Table 7-5:  Existing and Proposed Conditions at the Project Site Outlet for all Hydrologic 
Conditions Analyzed 

Design Storm 2-yr 5-yr 10-yr 25-yr 50-yr 

Maximum Flowa  
(cfs) 

Existing 84.1 207.6 383.4 678 911 

Proposed/BMPs 82.3 203.1 373.3 650 870 

Maximum Velocity 
(fps) 

Existing 6.6 8.8 10.5 12.5 14.1 

Proposed/BMPs 6.6 8.7 10.5 12.4 13.9 

Total Runoff Volume 
(ac-ft) 

Existing 45.7 74.5 98.6 128 151 

Proposed/BMPs 44.4 72.5 96.2 125 148 

Depth/width Ratiob 
(ft/ft) 

Existing 0.180 0.284 0.387 0.510 0.719 

Proposed/BMPs 0.180 0.281 0.384 0.504 0.710 
a The modeling output data were analyzed at the point of discharge from the Site to the natural drainage to 
determine the maximum flows, maximum velocities, and depth/width ratios.  The total runoff volume was 
calculated as the total volume produced by each design storm.    
b The depth was calculated to be the difference between the water surface elevation and the minimum channel 
elevation provided in the HEC-RAS model output. 
 
Furthermore, while the changes in sediment transport were not assessed per methods designated 
in the LA County LID Manual (LA County, 2009) due to flow threshold non-applicability, 
existing sediment processes were maintained to the extent feasible. Because sediment has 
historically been deposited and trapped on the golf course, existing sediment delivery from the 
portion of the site being developed as part of this Project is very low and is not expected to be 
impacted by the Project. Additionally, the proposed development does not increase the 
impervious area of the Project site based on existing conditions and provides increased slope 
stabilization, thus limiting any increase in sediment delivery.  

In summary, on-site hydromodification control BMPs designed to meet the Project’s 
hydromodification control performance standard will protect the Project’s receiving waters from 
excessive erosion and degradation caused by discharges from the Project.  For this reason, 
hydromodification impacts resulting from the Project will be less than significant. 
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7.8 Groundwater Impacts 

Discharge from the Project’s development area to groundwater could occur via two pathways:  1) 
through infiltration of urban runoff captured and infiltrated in the proposed LID BMPs, and 2) 
through infiltration of recycled wastewater used for irrigation. The development area of the 
Project site does not contribute to a major groundwater basin as listed in the Basin Plan. 
Therefore, there are no applicable Basin Plan groundwater quality objectives to be met. The LID 
BMPs include filtering through organic soils, which will provide removal of most pollutants 
prior to deeper infiltration. This behavior has been confirmed by data collected beneath 
stormwater detention/retention ponds in Fresno (conducted as part of the Nationwide Urban 
Runoff Program), which showed trace metals tended to be adsorbed in the upper few feet in the 
bottom sediments (Brown and Caldwell, 1984). 

Additionally, per the SWRCB’s Recycled Water Policy, cumulative groundwater impacts must 
be managed under a regional Salt and Nutrient Management Plan. Based on compliance with 
these requirements designed to protect beneficial uses, cumulative groundwater quality impacts 
will be mitigated to a less than significant level.    

7.9 Cumulative Impacts 

Cumulative Surface Water and Hydromodification Impacts 

As discussed above, the anticipated quality of effluent expected from the BMPs will not 
contribute concentrations of POCs that would be expected to cause or contribute to a violation of 
the water quality standards in the Project’s surface receiving waters. Therefore, the Project’s 
incremental effects on surface water quality are not expected to be significant. In addition, the 
proposed infiltration BMPs will be sized to meet the hydromodification control standard. 
Therefore, the Project’s incremental effects on hydromodification will be less than significant.  
With reduced runoff as compared to existing conditions, the Project will improve 
hydromodification conditions over the existing condition. 

The Project’s surface runoff water quality, after BMPs, both during construction and post-
development, is predicted to comply with adopted regulatory requirements designed by the 
SWRCB and LARWQCB to assure regional development does not adversely affect water quality 
and hydromodification in receiving streams, including the MS4 General Permit, Construction 
General Permit and General Dewatering Permit requirements, and benchmark Basin Plan water 
quality objectives, CTR criteria, and CWA 303(d) listings. Based on compliance with these 
requirements designed to protect beneficial uses, cumulative water quality and 
hydromodification impacts will be mitigated to a less than significant level.  Any future urban 
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development occurring in the Trancas Canyon Creek and Carlisle Canyon Watersheds also must 
comply with these requirements.   

Also, runoff from the Project site under the proposed condition (with BMPs) is predicted to yield 
lower pollutant loads and concentrations for most of the modeled constituents (TSS, NO3-N, 
TKN, total nitrogen, TP, total copper, total lead, and total zinc) than in both the existing and 
proposed (without BMPs) conditions. Additionally, in the context of the proposed site design, 
source controls, and treatment control BMPs, potential impacts associated with the qualitatively 
analyzed POCs in the proposed condition will be less than significant. In combination, the model 
results (which show an overarching improvement in stormwater runoff quality and reduction in 
runoff volume) and the impacts from the qualitatively assessed POCs demonstrate no cumulative 
negative impacts from the Project on surface water quality and hydromodification. 

Cumulative Groundwater Impacts 

As discussed above, the anticipated quality of stormwater runoff discharges from the Project’s 
development area, reclaimed water used for irrigation, and discharges from septic systems would 
not contribute POCs expected to cause or contribute to a violation of the groundwater quality 
standards. BMPs incorporated into the Project in the form of LID BMPs will result in no adverse 
effects on groundwater recharge. The Project’s incremental effects on groundwater quality will 
be less than significant. 

The Project’s discharges to groundwater, after BMPs, during construction and post-development, 
are predicted to comply with adopted regulatory requirements that are designed by the 
LARWQCB and SWRCB to assure regional development does not adversely affect water 
quality, including MS4 General Permit requirements and Construction General Permit 
requirements. In addition, per the SWRCB’s Recycled Water Policy, cumulative groundwater 
impacts must be managed under a regional Salt and Nutrient Management Plan that also 
addresses CECs. Based on compliance with these requirements designed to protect beneficial 
uses, cumulative groundwater quality impacts will be mitigated to a less than significant level. 
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8. CONCLUSIONS 

This section summarizes the potential effects of the Project on water quality and 
hydromodification.  

The POCs evaluated in this water quality assessment were pathogens, pH, water soluble 
pesticides, fungicides, herbicides, specific conductivity, dissolved oxygen, NO3-N, NO2-N, 
organic-N, NH3-N, TP, TSS, trash & debris, metals (copper, lead, and zinc), organic compounds, 
hydrocarbons, and temperature. 

Quantitative water quality pollutant loading modeling was conducted for TSS, nitrate, TKN, total 
phosphorus, total copper, total lead, and total zinc in support of this water quality analysis.  The 
model considered only the effectiveness of structural BMPs without consideration of the 
effectiveness of source control BMPs in reducing pollutant loading.  Qualitative assessments 
were conducted for other POCs.  

Average annual runoff volumes are expected to decrease as a result of the Project.  Stormwater 
pollutant loads are directly related to runoff volume, therefore, reduction of runoff volume is a 
key water quality-related benefit of the Project. 

The stormwater quality modeling and qualitative analysis of the POCs supports the following 
conclusions: 

 Average annual runoff volumes from the Project are predicted to decrease;  

 On-site hydromodification control BMPs designed to meet the Project’s 
hydromodification control performance standard will protect the Project’s receiving 
waters from excessive erosion and degradation caused by discharges from the Project and 
will result in improved hydromodification conditions over the existing conditions at the 
Project site; 

 The flow rates, velocities, and depth/width ratios and storm volumes during the SUSMP, 
LID, 2-, 5-, 10-, 25-, and 50-year storm events are not expected to increase over existing 
conditions due to the preservation of 81% of the site’s natural hydrologic features, no 
increase in imperviousness, the incorporation of LID BMPs which cumulatively infiltrate 
the 85th percentile 24-hour storm, and the inclusion of two outlet controlled detention 
basins which control flows associated with storm events exceeding the 85th percentile 24-
hour storm event up to the 50-year 24-hour storm event; 
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 Average annual loads for total copper, total zinc, total lead, TSS, nitrate, TKN, total 
nitrogen, total phosphorus are all predicted to decrease with the Project; and    

 For all identified POCs, assessment results indicate no significant adverse impacts to 
water quality from the Project.  

Accordingly, the Project will have a less than significant impact on water quality and 
hydromodification. 
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1 Introduction 

Located in Los Angeles County, in Malibu, 5 miles from the coast with the Pacific 

Ocean, The Malibu Institute will renovate and update the 1970’s-era Malibu Golf 

Club.  The course and facilities have had no significant improvements in over thirty 

years, and they need upgrades.  The proposed upgrades will provide an enhanced 

golf experience, create an educational retreat, and dedicate over 450 acres of 

natural habitat as permanent open space.   

1.1 Project Overview 

‘Malibu Golf Club’ has been open to the public since 1977.  This project will 

update the facilities to better meet the demands of the public.   

The golf course will remain within its present limits.  This project includes minor 

changes to update the course.  These changes will not include significant grading 

changes.  Included changes will be conversion of existing impervious paved 

paths to pervious surfaces and a subsurface drainage layer under the golf course 

greens. 

This report has been prepared in conjunction with the VTTM 71735 prepared by 

RCE Consultants, Inc which includes the site grading of a development site of 

approximately 19.5 acres that will include new and revised buildings, roads and 

parking.  The new buildings will be constructed with ‘green’ roofs, while roads 

and parking will be constructed with pervious surfaces. 

Throughout the golf course area, drainage facilities will generally be left 

unchanged.  Within the development site drainage facilities revisions will include 

rerouted storm drainage to address new building, parking and road locations, as 

well as retention facilities, detention facilities and best management practices 

(BMP’s). 
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1.2 Project Requirements 

This project will follow the standard Los Angeles County requirements.  In 

addition to those requirements the Malibu Institute plans to follow Leed 

requirements and add many low impact development (LID) features.   

Hydrology has been calculated using the Los Angeles County “tc Calculator”, and 

“Civil Designs – LAR04” program.  The methodologies followed are from the Los 

Sediment collection facilities will be provided to meet the “2006 Los Angeles 

Hydrology Manual”. 

� 50 year Design Storm Depth Isohyetal = 8.8 

� Soils Zones = 28, 31, and 45 

� Debris Region = DPA 4, for ‘burned and bulked’ analysis, with a bulking 

factor of 1.66 for debris producing areas. 

� Storms analyzed for 2, 5, 10, 25, and 50 year for detention basin. 

� Storms also analyzed for 50 year burned and 50 year burned and bulked for 

site debris carrying devices. 

� Storms analyzed for 4th day rates and volumes, for all storm levels. 

� Storms analyzed for 1st through 4th day to develop input Hydrographs for 

detention analysis. 

� LID calculator used to determine Qpm at 0.2 cfs per acre, and runoff volume 

at storms of 85th percentile occurrence for areas within the development 

site.  

� Hydraulics have been performed using HecRAS programs in conformance 

with the “1982 Los Angeles County – Design Manual Hydraulics” 

� Existing Sediment facilities and sedimentation requirements have been 

analyzed based on the Sedimentation Manual – Second Edition. 

Post-construction Treatment Control BMPs include Mitigation by Volumetric 

Treatment Control by collection of the volume of runoff produced from a 1.15 

inch storm event (85th percentile), prior to its discharge to a storm water 

conveyance system.   

Detention facilities have been preliminarily designed for the development site 

area of 19.5 acres to collect storage necessary to offset inflow from the 

developed site to meet the ‘undeveloped’ runoff rate for storms of 2, 5, 10, 25 

and 50 year 1st through 4th day intensity and volume.  The detention facility will 

include a sump that will contain the retention for the water quality infiltration 

requirements. 
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Note to reviewer:   

Naming conventions have been used to keep track of and improve access for review.   

Example ma005p.OUT – Malibu | LAR04 entire site | 5 year storm | proposed | output 

The first letter in file name is m – for Malibu.  This is followed by a letter or group of letters for 

process –  

� RAS  -  Hec ras 

� DET - detention calculations in Retard program 

� a - entire site including offsite in LAR04 program 

� s - Development site in LAR04 program  

� p – Parking area 

� SED - sediment calculations spreadsheet 

Following this is the storm frequency, 002 thru 50, then an x for existing, p for proposed, or u for 

undeveloped.  The suffix includes: 

� inl  -  input in LAR04  

� OUT - output 

� pr - profile 

� cs - cross sections 

� prj – HecRAS project file 

� g01 – HecRAS geometry file 

� p01 – HecRAS plan file 

� f01 – HecRAS steady flow data 

Suffixes are incorporated into name when printed to ‘portable document format’ (PDF) 
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2 Existing Conditions 

2.1 Site 

The Malibu Institute covers approximately 650 acres.  It is on a coastal hillside 

facing mostly south.  The site is very hilly, with elevations ranging from peaks at 

approximately elevation 2300 along the west side of the site, to as low as 

elevation 1300 at the sites southerly exit where the Country Club road intersects 

Encinal Canyon Road.  Most of the site is tributary to the Trancas Canyon Basin, 

but a small portion at the north flows to the northwest and is eventually tributary 

to Lake Sherwood.  There is a tributary that travels in a southeasterly direction 

clipping the southwest corner of the site and a tributary that travels 

southwesterly clipping the southeast corner of the site.  These tributaries are 

both portions of the Trancas Canyon Basin. 

The site includes rock outcroppings and steeply sloping sections, along with 

channelization and existing basins and ponds. 

2.2 Sediment Analysis 

The site is fully within the DPA 4 region of the Point Dume debris development 

area.  Existing debris structures were field located, and measured.   

We were unable to obtain original plans or approval information on these 

existing basins.  The locations of the debris facilities are shown on the sediment 

basin drawings.  Based on our calculations, with results shown on drawing sheet 

20, the existing facilities collect over 90% of the DDE for this site. 

Mulholland Highway at the north of the site has three sediment basins that are 

located within the tributaries affected by this site.  There are basins along the 

perimeter of the golf course that collect some of the sediment developed.   There 

is a lake located in the middle of the golf course that is within the flow path of 

runoff and sediment.  Historically in larger storms sediment is deposited onto golf 

course areas.   

It is the intent of this project to leave the existing sediment basins unchanged.  

These basins in their existing format come close to meeting the present day 

debris design event requirements.  An increase to debris collection could have a 

negative effect on the consideration of Hungry water. 



The Malibu Institute 

Storm Drainage Study  Los Angeles County District 

 

October 2013  Page 5 

2.3 Flood Maintenance District 

With the exception of the very most northern part of this property, this site is 

located within the Los Angeles County Flood Maintenance Boundary. The flood 

Maintenance Boundary as related to this site is shown in Figure 2.3-1 below.  

The site is not however identified as being within a floodway or flood hazard 

area.  It is also not located within a FEMA Flood Zone A. 

 

Figure 2.3a 

2.4 Location 

The site is located in the west side Los Angeles County.  In particular it is located 

within Sections 3, 10, 11, and 15 in Township 1 North, Range 19 West of the San 

Bernardino Meridian.  Most of the site is located within IM_No 144-017, with a 

small amount of the south portion of the site extending into IM_No 129-017.  

Based on State Plane Coordinate System California Zone 5 – NAD 83, the site is 

limited on the north by 1,863,100N, the south by 1,854,800N, the west by 

6,299,600W, and east by 6,307,000W. 
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2.5 Rainfall Intensity 

The rainfall intensity for this site is 8.8.  The site is shown on the Point Dume 

Isohyet map included in Appendix I. 

 

2.6 Significant Ecological Areas (SEA) 

The northern most portion of this site is overlapped by the SEA boundary.  There 

are no improvements planned for this portion of the site. 

 

Figure 2.6.1 Significant Ecological Areas 
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2.7 Soil Types 

Three soil types are identified within the boundaries of this property.  Most of the 

site is within soil type 045, but a small section of the north part of site is type 

028, and a small section of the south part of the site is type 031. These soil 

types along with their appropriate Runoff Coefficient Curves have been included 

in Appendix E. 

 

 

Figure 2.7.1 Soils Curve Areas 
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2.8 Existing Storm Drain 

This site does not connect to or have within its boundaries public storm drainage 

system.  We were unable to obtain any as built information on the storm 

drainage facilities, so they were determined thru onsite survey collection.  We 

have included in Appendix A maps which show approximate locations of the 

existing storm drainage facilities.    Photos of various facilities were also collected 

during this research, and are included in Appendix H.   

County crews have been observed performing maintenance on storm drainage 

facilities along Encinal Canyon Road at the south edge of the site, as well as 

Sediment collection facilities above Mulholland Road above the site.  

2.9 Watershed Basins 

Below is an exhibit that displays the Watershed Basins for the areas directly 

surrounding the site.  We have further analyzed these basins using the latest 

available topographic information obtained from InfoTech and Los Angeles 

County. 

 

 

 

 

 

 

 

 

 

 

Figure 2.9.1 General Watershed Boundaries 

Trancas Canyon 

to Lake Sherwood 
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3 Proposed Project 

3.1 Overall Site 

Improvements are planned for the area indicated on the following plan as Golf 

Course and as Development Site.  There are no improvements planned outside 

of these areas.   

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.1.1 Proposed Site with Areas 

Entire Site  
650 acres 

Development Site 
21.1 acres 

Golf Course 
122 acres 

Tributary to  

Trancas Canyon 
1290 acres 

Tributary to  

Lake Sherwood 
19 acres 
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Figure 3.1.2 Encinal 
Canyon Road - 8’ x 10’ 
culvert 

The area analyzed for runoff rates includes the 

1290 acres tributary to Trancas Canyon.  There is 

no change from the existing runoff rates to the 

proposed runoff rates.  Therefore no downstream 

mitigation is planned. 

The Entire site area of 650 acres was analyzed 

for potential flood flows to and through the 8’ 

wide x 10 foot tall culvert under Encinal Canyon 

Road.  The runoff quantity at this point for a 

storm of 50 year intensity is over 880 cfs.  Based 

on the HecRAS analysis, this runoff exits 

through this culvert without overtopping 

Encinal Canyon Road, at a velocity of 14 cfs. 

At the north end of the property, there is a portion of the overall site that is 

tributary to Lake Sherwood.  The runoff from this area is not significantly 

concentrated.  Since this project proposes no changes or development in this 

area, so analysis is provided. 

 

3.1.1 Golf Course 

Onsite, there are changes to the golf course, and to the golf course paths.  

These changes result in a net balance or reduction in the runoff quantity and 

rate that is close to immeasurable.   

There will be regrading to alter the layout of the Golf Course.  A sand cap will be 

installed on all Fairway surfaces.  There will be revisions to some of the golf 

course flight paths, tee and hole locations.  The regrading will be performed in a 

way that does not alter the path of the runoff.  

The paths presently occupy 2 acres of surface with widths generally less than 8 

feet.  Of these paths 0.5 acres will remain in their present location and surface of 

asphalt with a runoff coefficient of 0.90.  1.5 acres of these paths will be 

relocated and will be constructed with Pavers, which will have an effective 

coefficient of runoff below 0.50.   
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Of the sites 650 acres, 528 acres have remained unchanged.  Within the 

tributary area another 636 acres are offsite and also unchanged.   

There will be a reduction in the amount of impervious surfaces on the Golf 

Course site.  There will not be an increase in runoff due to the Golf Course 

improvements.  Since there is no impervious development and will be a reduction 

in imperviousness, no new retention facilities are proposed for these areas.  

Since runoff rates are not increased, no new detention facilities are proposed.   

3.2 Site Development Area 

The site development area is approximately 19.5 acres (for drainage calculation 

purposes).  This area is the primary focus for its potential impact on runoff rates 

and infiltration considerations.  This area has significant improvements.   

The proposed project will consist of 6.3 acres of pervious road and parking 

surfaces, 4.2 acres of vegetated roofs, 7.5 acres of Landscape and 1.5 acres of 

typical impervious paved surfaces. 

The existing parking lot located along the entrance road will remain unchanged. 

4 Hydrology (Drawings in Appendix A, Calculations Appendix B) 

4.1 Design Storm 

The hydrology model is based on the 2, 5, 10, 25, 50, 50 year burned, and 50 year 

burned and bulked design storm events.  The depth of this design storm is based on 

Los Angeles County Department of Public Works (LADWP) Hydrology Manual 

methodology, outlined in Chapter 5 – Rainfall and Design Storm Characteristics. 

The site is within the LADPW isohyet map, identified as Point Dume.  The site is also 

completely within an area identified to have isohyets of 8.8.  This was distributed 

over a 24-hour unit hyetograph (per LA County Hydrology Manual section 5.2)   

This site has been modeled using LAR04 software.  Runoff rates were developed for 

4th day storms. 

4.2 Tributary Areas and Sub Areas 

Tributary Areas, width, slope, and basin dimensions were determined by topographic 

properties based on two sets of topographic information.  For the proposed areas 

within the site limits we used the topographic information obtained from RCE 
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Consultants, Inc.  For all areas outside the property limits we used topographic 

information provided by InfoTech enterprises.  Tributary areas were reduced in size 

until the 2 year clear water Tc was determined to be less than 30 minutes. 

The results of the determination of tributary areas are shown on the Drainage Plans 

included in Appendix A.  Tributary areas were numbered per county criteria, for use 

with the Tc Calculator and the LAR 04 program.  The first set of numbering, 2 digit 

numbers, are used for the overall site analysis.  The second set of numbering, 3 digit 

numbers, are used for the development site analysis. 

4.3 Additional Considerations 

It was assumed that runoff on the Golf Course would generally remain as surface 

flow, since most of the existing storm drainage pipes are undersized.  Therefore, 

with the exception of the 66” RCP, onsite culverts were ignored for the HecRAS 

analysis. 

The proposed runoff rates were evaluated based on inclusion of the detention 

facilities.  Since those facilities were designed to retain the flow to an undeveloped 

rate – the undeveloped percentage of imperviousness was used for the areas of the 

site.  The existing infiltration factor was determined based on pervious and 

impervious surfaces in the existing areas.  The overall imperviousness rate for the 

exiting site was determined to be 0.34.  This factor was used in the overall existing 

site hydrology analysis Tc Calculator and Lar04 calculations. 

No errors were noted during the HecRAS runs.  Warnings were indicated due to 

changes in elevation from one cross section to the next, which is common in steep 

areas.  Warnings were also noted for large changes in cross sectional area, which is 

common in areas with undefined channels. The program essentially asks for more 

cross sections.  The typical spacing for cross sections is usually selected based on 

the consideration 0.15*depth of flow / percentage slope.  Since flow depths are 

quite shallow, that creates a high section frequency.  We selected 5 foot intervals at 

upper areas, and 10 foot intervals at lower areas.  This did not significantly change 

any water surface elevations or flow velocities by adding the interpolated sections.  

The added sections also did not reduce warnings significantly. 
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5 Hydraulics (Drawings in Appendix A, Calculations in Appendix C) 

5.1 Underground Facilities 

The runoff rates determined in the Hydrology analysis have been assigned to the 

individual existing underground facilities on the site.  Based on this most of these 

underground facilities have the capacity for a storm of 2 to 5 year intensity.  

5.2 Overland Flow 

Overland flow has been analyzed for the 2, 5, 10, 25 and 50 year storms, as well as 

burned and bulked for the 50 year event, thru the 4th day.  The overland flow path is 

shown on the drawings (Appendix A).  Flow velocities are shown as well to identify if 

and where erosion could be an issue, and to show where flows will allow sediment to 

drop out. 

Of note, for storms 10 year capacity and lower, runoff will be contained in the 66 

inch reinforced concrete pipe (RCP) from the lake located along HecRAS “river A”, 

“reach C”, station 320+00, to its outlet.  HecRas Plan linework for the 2 through 10 

year storm are based on the HecRAS runs for above and for below this lake.   

HecRas Plan linework for the 25, 50 and 50 year burned and bulked storm are based 

on the HecRAS runs for the 66 inch pipe to be clogged or through the lake.  

The Culvert under Encinal Canyon Road has the capacity for all stormwater 

conditions.  This has been modelled using the Bridge tab, inline culvert.  The results 

of this analysis show that the water surface never reaches an elevation that would 

allow runoff to flow over Encinal Canyon Road. 

It is assumed that all other golf course storm drains will be beyond max capacity in 

all storms, so they have been ignored to show the highest possible potential flood 

levels. 

5.3 Development Area Storm Drainage 

Within the development area, proposed storm drainage facilities have been 

estimated for the purpose of preliminarily sizing and locating detention facilities.  

The final design of the onsite drainage facilities will need to be designed during the 

grading plan check phase.  Site and parking area specific hydrology was developed. 

The output of this hydrology was used for input to the detention basin program.  

Calculations were performed for the 2, 5, 10, 25 and 50 year storms with basin 
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sizing at each.  The basins shown on the site and LID plans were oversized to verify 

that there would be enough room for these facilities.   

 

5.4 Lower Employee Parking 

Shown on the profile is the Lower Employee Parking.  This area is planned to remain 

in its existing configuration.    The hydraulic model shows that this site is below the 

50 year burned and bulked flood water surface by an amount of 2 feet.  This is 

displayed on the Profile Drawing Sheet 19.  We recommend that since this is 

employee parking that employees be directed to other parking if there has been a 

fire on the tributary surfaces and at the same time there is a greater than 50% 

chance of a rain storm as predicted by the NOAA weather site. 
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6 Overland Flow Analysis  

6.1 Limit of Flow Analysis 

There is no change to the flow or characteristics of flow to the offsite runoff 

downstream from the site.  Therefore no flood analysis has been performed for 

offsite.  The analysis has been performed in areas of concentration. 

6.2 Golf Course Overland Flow Analysis (see Appendix C for HecRAS 

analysis and Appendix A for drawings)  

Since onsite runoff can exceed the storm drainage facility capacity, hydraulic analysis 

has been performed to determine the potential flood elevations onsite in overland 

flow conditions.  The analysis has been performed at the 2,5,10, 25, 50 and 50 year 

burned and bulked storm level.  The intention of the improvements is to leave all 

existing storm drain pipes in place.  Any maintenance required to onsite storm drain 

pipes will be performed by Malibu Golf Institute.  Any maintenance required for 

overland flow conditions experienced in large storms will be performed by Malibu 

Golf Institute. 

Flood paths and flow widths have been displayed on a map to use in design and 

placement of onsite buildings and facilities.  Based on preliminary Tentative Tract 

Plan 71735 design elevations for the buildings, the finished floor of all buildings will 

be a minimum of 2 feet above the potential 50 year burned and bulked flood 

elevations. 

Flood Velocities in areas of the golf course reach as high as 14 feet per second, for a 

storm of 50 year intensity, burned and bulked. For the same storm velocities can be 

as low as 0.2 feet per second.  Based on the potential for high velocity rates, all 

areas of grading must be stabilized to limit erosion.  It is expected that areas with 

low velocity rates may experience sediment collection.  The proposed velocities do 

not change significantly from historic conditions. 
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7 Sediment Analysis (Drawings Sed1-Sed4) 

7.1 Basin Descriptions 

There are many existing sediment basins located on this site.  Most of these existing 

sediment basins are located adjacent to an Environmentally Sensitive Habitat Area 

(ESHA) along the perimeter of the Golf Course.  Calculations are included in 

Appendix E and drawing sheets 20-22 show the existing basins with their capacities.  

Most can not be modified due to ESHA considerations.  The spreadsheet was used to 

determine tributary areas, along with the tributaries effective ‘Debris Production 

Rate’.  Downstream of all of these basins are areas on the golf course where 

velocities drop below 2 feet per second.  At these low flow rates most sediment will 

drop out.  Over 90% of the DDE is collected in these existing basins. 

7.2 Proposed new Sediment Basins 

No new sediment basins are proposed.   

7.3 Sediment storage on Golf Course 

Sediment has historically deposited on the golf course.  This condition appears to 

have limited sediment delivery from the site as there is no apparent sediment in the 

area before or after the 8 foot wide by 12 foot tall culvert under Encinal Canyon 

Road.  There are no changes proposed. There is no increase in Velocity due to the 

proposed improvements 

7.4 Hungry Water 

Since there are no significant changes proposed in the sediment collection system, 

there will be no significant change in the potential for “hungry water” downstream of 

the site. 
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8 LID - Water Quality 

8.1 General  

This site is located in the Western side of Los Angeles County.  Referring to the 

maps on the link (http://dpw.lacounty.gov/wrd/hydrologygis/), it was determined 

that at storm of 85th percentile produces 1.15 inches of stormwater.  Infiltration 

rates were determined and added to a LID drawing.   BMP calculations are also 

included in the Drawing.  Volumes and Rates are shown on drawing and are 

determined using the LID calculators available at the link 

(http://dpw.lacounty.gov/wmd/dsp_LowImpactDevelopment.cfm).  The screen 

captures of these calculations are included in Appendix D. This project proposes 

volumetric solutions to mitigate stormwater runoff quality. 

8.2 BMPs (Volumetric Runoff Mitigation) 

BMPs will be incorporated as indicated in Appendix I, the drawings and the following 

discussion: 

Pervious Pavement: For the purpose of LID calculations, the rates for areas of 

pervious pavement were assumed to be 0.95 imperviousness, in order to not 

duplicate the advantages of the pervious storage capacities.  There are no freeze 

issues in this area, so storage is located directly under the pervious pavement.  None 

of the pervious paved surfaces exceed 10% maximum (recommended by the LID 

manual).   

BioSwales: The Bioswales have been designed to include bio-retention.  A void 

factor of 0.3 is assumed for the rock bio-retention area.  Storm drainage pipes are 

included for collection of other runoff and to limit velocities in the bio-swales.   

Vegetated Roofs:  Vegetated roofs are used to collect rainfall that falls on them.  

For the purpose of the LID calculations, these area have an assumed 0.95 

imperviousness factor.  This allows us to determine the amount of runoff stored in 

these areas in the 85th percentile storm. 

Infiltration Basins:  At the limit of the project, there are impervious paved 

surfaces.  The runoff from these is directed to infiltration basins to treat the final 

runoff from the site.  Calculations determining these sizes are shown on the LID 

drawing.   
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Infiltration results: Based on the infiltration results included in appendix F, most 

of the site has been assumed to have an infiltration rate of 0.4 inches per hour.  The 

area under the proposed site detention basin “A” has an infiltration rate of 0.7 inches 

per hour.  Calculations have been performed for each of the above BMP’s and for the 

detention basins to verify that each facility will be empty in less than 4 days. For this 

purpose we used a safety factor of 2 and we used the lower infiltration rate for all 

calculations. The results of these calculations are included in the calculations in 

appendix D and Appendix G, as well as being shown on drawing sheets 14 and 16. 

8.3 Hydromodification analysis 

Detention Basins:  There are 19.5 acres of Malibu Institute Improvements that are 

referred to as the development area.  Within this development area, this project 

proposes to maintain historic runoff rates for the 2, 5, 10, 25, and 50 year storms 

through the use of detention basins with a controlled outflow.  The parameters of 

this device have been generally assumed to include a device as included in Appendix 

G.  Under this design the storage requirements will be approximately 1.0 acre feet.       

At the controlled outflow, the site detention facilities will be empty in 5 hours.  The 

sump of the detention facility includes retention storage.  This retention storage will 

infiltrate in 3.5 days.   

At the limits of the site as it crosses Encinal Canyon Road the runoff rate and 

velocity for storms of 2, 5, 10, 25, 50 year and 50 year burned and bulked year 

proposed storm is lower than for the existing storm.  Results are shown on the 

drawings of these velocities and rates.  Calculations are included in Appendix B - 

Hydrology, C – Hec RAS, and G – Detention. 
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9 Conclusion 

The tributary area analyzed is just over 1300 acres.  1290 acres are tributary to Trancas 

Canyon and 19 acres tributary to Lake Sherwood.   The Malibu Institute overall site is 

650 acres.  Changes to the site are limited to the Golf Course and the Development site 

areas. 

The Golf Course which includes some grading, plus sand-capping of the fairways is 

approximately 121 acres, or 20% of the site.  The Golf Course may see conditions of 

flooding during storms in excess of 5 year intensities.  In 50 year burned and bulked 

intensity storms (capital storm), the water surface of flows in the golf course will be a 

minimum of 2 feet below the elevation of any finished floor.   Graded areas of the golf 

course must be stabilized to successfully limit erosion - velocities can be as high as 14 

feet per second in a 50 Year Burned and Bulked storm.   

The employee parking area is located in the floodway produced by a storm of 50 year 

burned and bulked intensity.  There will be no flooding in this parking lot during a clean 

water 50 year intensity storm.  It is recommended that this parking area remain empty if 

the tributary area has burned and there are unvegetated  unprotected surfaces and at 

the same time a rain storm is predicted at a greater than 50% chance by NOAA. 

The Development Site, for drainage purposes is 19.5 acres or 4% of the site.  BMPs will 

be included in the design and construction of the Development Site.  Runoff in the 

development area will be limited to predevelopment rates.   This will include the SUSMP 

required retention basin to infiltrate an amount to offset impervious surfaces, as well as 

the LID required detention necessary to limit flows to historic rates.  Storm Drainage 

improvements are proposed to limit surface flows in this area.  The storm drainage 

facilities will include a network of vegetated swales, bio-swales, inlets, and piping.   

Sediment will be collected in the existing basins located along the perimeter of the golf 

course. No new sediment basins are proposed, to limit changes to the runoff, such as 

the potential to increasing the chance of a “hungry water” condition. 

Runoff rates at the storm drainage culvert under Encinal Canyon Road upon a 4th day.  

50 year intensity burned and bulked storm, reach approximately 2367 cfs.  Velocities at 

this location for the proposed condition are approximately 14 feet per second.  These 

rates are slightly lower than the historic rates.   
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Maintenance is a requirement of all storm drainage facilities.  The onsite storm drainage 

facilities will be owned and maintained by The Malibu Institute.  Offsite existing facilities 

along Encinal Canyon Road and Mulholland Road will continue to be maintained by the 

County of Los Angeles.  No new facilities are proposed offsite.  Additional calculations 

will be required during the final design to verify conformance with agency requirements. 
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Appendix B Hydrologic Analysis 
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Appendix C Surface Flow Analysis 
 

� HecRAS pdf’s 
� HecRAS program files  
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HEC-RAS  Plan: Plan 01    Profile: 50yr B&B

River Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  

G A 3300    50yr B&B 51.00 1601.62 1602.87 1603.42 1604.74 0.200076 10.97 4.65 6.75 2.33

G A 3200    50yr B&B 51.00 1579.57 1580.52 1581.01 1582.27 0.225952 10.64 4.79 8.31 2.47

G A 3100    50yr B&B 51.00 1539.23 1540.12 1540.78 1543.02 0.397735 13.65 3.74 6.74 3.23

G A 3000    50yr B&B 51.00 1501.68 1502.37 1502.89 1504.60 0.381569 11.97 4.26 9.33 3.12

G A 2900    50yr B&B 51.00 1464.83 1465.24 1465.53 1466.38 0.375559 8.55 5.97 21.70 2.87

G A 2800    50yr B&B 51.00 1444.00 1444.36 1444.61 1445.23 0.212585 7.49 6.81 19.54 2.24

G A 2700    50yr B&B 51.00 1433.08 1433.57 1433.70 1433.99 0.109274 5.16 9.88 30.32 1.59

G A 2600    50yr B&B 51.00 1429.21 1429.78 1429.84 1430.01 0.042658 3.87 13.18 56.56 1.41

G A 2500    50yr B&B 51.00 1420.18 1420.64 1420.82 1421.23 0.075512 6.17 8.29 28.00 1.97

G A 2400    50yr B&B 51.00 1411.46 1411.81 1411.95 1412.28 0.089576 5.52 9.24 40.62 2.04

G A 2300    50yr B&B 51.00 1404.07 1404.42 1404.54 1404.82 0.071698 5.06 10.08 42.76 1.84

G A 2200    50yr B&B 51.00 1397.36 1397.80 1397.94 1398.25 0.065323 5.37 9.49 34.32 1.80

G A 2100    50yr B&B 51.00 1390.72 1391.35 1391.51 1391.86 0.062610 5.75 8.88 28.65 1.80

G A 2000    50yr B&B 128.40 1383.72 1385.24 1385.24 1385.59 0.015082 4.80 26.77 37.95 1.01

G A 1900    50yr B&B 128.40 1374.00 1375.12 1375.68 1377.04 0.075558 11.11 11.55 15.42 2.26

G A 1800    50yr B&B 128.40 1365.99 1366.78 1367.35 1368.42 0.085565 10.26 12.51 20.87 2.34

G A 1700    50yr B&B 128.40 1359.93 1360.67 1360.97 1361.64 0.066517 7.91 16.23 33.27 2.00

G A 1600    50yr B&B 128.40 1352.07 1352.76 1353.03 1353.67 0.083598 7.66 16.77 42.88 2.16

G A 1500    50yr B&B 128.40 1345.90 1346.58 1346.88 1347.53 0.063147 7.79 16.49 33.05 1.94

G A 1400    50yr B&B 128.40 1340.00 1340.97 1341.29 1341.99 0.054385 8.08 15.88 27.03 1.86

G A 1300    50yr B&B 128.40 1333.71 1334.31 1334.46 1334.81 0.066758 5.65 22.72 77.37 1.84

G A 1200    50yr B&B 128.40 1327.03 1327.90 1328.14 1328.67 0.056760 7.07 18.16 39.08 1.83

G A 1100    50yr B&B 128.40 1321.22 1321.84 1322.06 1322.54 0.060865 6.72 19.30 50.24 1.85

F A 3000    50yr B&B 76.40 1588.93 1589.93 1590.46 1591.83 0.220166 11.04 6.92 11.29 2.48

F A 2900    50yr B&B 76.40 1559.79 1560.89 1561.64 1563.76 0.286239 14.14 5.65 7.46 2.89

F A 2800    50yr B&B 76.40 1530.64 1531.80 1532.43 1534.38 0.296677 12.90 5.92 9.37 2.86

F A 2700    50yr B&B 76.40 1489.87 1490.74 1491.49 1494.07 0.411115 14.65 5.21 8.81 3.35

F A 2600    50yr B&B 76.40 1460.08 1461.01 1461.60 1463.37 0.300116 12.34 6.19 10.80 2.87

F A 2500    50yr B&B 76.40 1433.92 1434.95 1435.60 1437.43 0.256359 12.63 6.05 8.88 2.70

F A 2400    50yr B&B 76.40 1419.04 1420.07 1420.48 1421.42 0.152349 9.30 8.22 13.20 2.08

F A 2300    50yr B&B 76.40 1406.53 1407.20 1407.40 1407.84 0.132453 6.41 11.91 30.48 1.81

F A 2200    50yr B&B 76.40 1395.41 1396.30 1396.58 1397.20 0.100103 7.60 10.05 16.04 1.69

F A 2100    50yr B&B 76.40 1384.00 1384.42 1384.60 1385.01 0.119741 6.16 12.40 31.17 1.72

F A 2000    50yr B&B 76.40 1379.68 1380.45 1380.48 1380.74 0.044273 4.28 17.85 36.89 1.08

F A 1900    50yr B&B 76.40 1374.99 1375.64 1375.71 1375.99 0.047214 4.90 16.78 36.18 1.15

F A 1800    50yr B&B 76.40 1370.26 1370.86 1370.97 1371.24 0.045076 4.95 15.44 47.81 1.53

F A 1700    50yr B&B 318.50 1365.76 1366.91 1366.91 1367.36 0.013509 5.39 59.61 68.23 1.00

F A 1600    50yr B&B 318.50 1360.10 1360.98 1361.27 1361.91 0.066447 8.45 44.95 87.14 2.03

F A 1500    50yr B&B 318.50 1352.07 1352.91 1353.19 1353.87 0.075846 7.87 41.09 99.03 2.09

F A 1400    50yr B&B 318.50 1343.57 1344.53 1344.89 1345.77 0.080188 9.23 38.36 80.69 2.22

F A 1300    50yr B&B 318.50 1334.03 1334.79 1335.27 1336.53 0.092616 10.67 31.33 61.85 2.44

F A 1200    50yr B&B 318.50 1325.99 1326.98 1327.43 1328.54 0.079410 10.03 31.91 57.21 2.26

F A 1100    50yr B&B 318.50 1320.91 1321.83 1322.20 1322.98 0.052951 8.62 38.43 70.05 1.87

E A 25200   50yr B&B 139.10 1993.57 1995.22 1995.64 1996.55 0.100166 9.26 15.03 17.62 1.77

E A 25100   50yr B&B 139.10 1957.82 1959.01 1959.66 1961.81 0.356617 13.43 10.37 18.48 3.14

E A 25000   50yr B&B 139.10 1939.89 1940.86 1941.49 1943.06 0.184672 11.91 11.68 14.82 2.36

E A 24900   50yr B&B 139.10 1929.05 1929.91 1930.13 1930.66 0.123731 6.94 20.03 43.29 1.80

E A 24800   50yr B&B 139.10 1919.56 1920.60 1920.90 1921.58 0.088252 7.93 17.54 23.95 1.63

E A 24700   50yr B&B 139.10 1910.35 1912.04 1912.45 1913.31 0.084527 9.03 15.40 16.50 1.65

E A 24600   50yr B&B 139.10 1909.01 1910.07 1910.10 1910.37 0.045337 4.33 32.13 66.43 1.10

E A 24500   50yr B&B 139.10 1879.95 1882.03 1882.97 1885.28 0.176668 14.48 9.70 8.66 2.34

E A 24400   50yr B&B 139.10 1821.15 1822.75 1824.11 1830.31 0.590184 22.06 6.31 7.01 4.10

E A 24300   50yr B&B 139.10 1766.63 1767.57 1768.56 1772.89 0.564964 18.50 7.52 11.38 4.01

E A 24200   50yr B&B 139.10 1711.92 1713.23 1714.39 1719.24 0.525345 19.67 7.07 9.16 3.91

E A 24100   50yr B&B 139.10 1669.16 1670.12 1671.02 1674.34 0.482130 17.52 8.55 13.21 3.72

E A 24000   50yr B&B 139.10 1621.86 1623.22 1624.38 1629.01 0.465136 19.31 7.20 8.53 3.70

E A 23900   50yr B&B 139.10 1606.40 1607.53 1607.92 1608.81 0.163407 9.07 15.34 27.31 2.13

E A 23800   50yr B&B 334.50 1587.44 1588.69 1589.02 1589.77 0.070368 8.41 41.26 50.56 1.53

E A 23700   50yr B&B 334.50 1574.77 1576.42 1576.79 1577.63 0.121413 8.85 37.80 55.86 1.90

E A 23600   50yr B&B 334.50 1558.96 1560.45 1561.11 1562.72 0.148697 12.09 27.68 29.68 2.21

E A 23500   50yr B&B 334.50 1546.54 1548.67 1549.42 1551.07 0.111585 12.41 26.95 22.08 1.98

E A 23400   50yr B&B 334.50 1537.08 1538.70 1539.24 1540.44 0.104507 10.59 31.59 31.72 1.87

E A 23300   50yr B&B 334.50 1532.23 1535.11 1535.33 1536.23 0.038853 8.50 39.36 25.69 1.21

E A 23200   50yr B&B 334.50 1517.60 1519.83 1520.75 1522.90 0.145920 14.07 23.77 19.59 2.25

E A 23100   50yr B&B 334.50 1503.82 1506.23 1507.25 1509.59 0.128484 14.73 22.72 15.39 2.14

E A 23000   50yr B&B 334.50 1488.29 1490.57 1491.63 1494.23 0.157788 15.33 21.81 16.56 2.35

E A 22900   50yr B&B 334.50 1474.71 1477.13 1478.15 1480.52 0.133863 14.77 22.65 15.95 2.18

E A 22800   50yr B&B 456.50 1462.30 1465.34 1466.05 1467.68 0.068116 12.30 37.13 20.75 1.62

E A 22700   50yr B&B 456.50 1434.21 1436.65 1438.33 1444.05 0.246038 22.07 21.81 17.45 3.04

E A 22600   50yr B&B 456.50 1408.39 1411.02 1412.63 1417.77 0.256956 20.86 21.89 14.72 3.01

E A 22500   50yr B&B 456.50 1398.00 1399.10 1399.69 1401.05 0.117895 11.19 40.78 41.29 1.98

E A 22400   50yr B&B 456.50 1394.00 1395.40 1395.56 1396.19 0.043132 7.16 63.72 59.53 1.22

E A 22300   50yr B&B 493.70 1391.28 1393.37 1393.37 1394.01 0.027536 6.42 76.94 60.51 1.00

E A 22200   50yr B&B 493.70 1386.00 1388.19 1388.53 1389.50 0.046860 9.19 53.74 36.49 1.33

E A 22100   50yr B&B 493.70 1380.27 1381.86 1382.24 1383.17 0.068933 9.19 53.71 49.01 1.55

E A 22000   50yr B&B 493.70 1373.97 1375.82 1376.18 1377.07 0.060824 8.97 55.03 47.39 1.47

E A 21900   50yr B&B 493.70 1369.20 1370.88 1371.08 1371.72 0.051145 7.37 67.01 68.92 1.31

E A 21800   50yr B&B 493.70 1363.96 1365.97 1366.17 1366.87 0.048544 7.62 64.78 60.28 1.30

E A 21700   50yr B&B 493.70 1355.08 1356.15 1356.51 1357.33 0.097895 8.76 58.66 106.58 1.75

E A 21600   50yr B&B 493.70 1344.84 1346.08 1346.47 1347.56 0.083422 9.79 51.58 101.81 2.29

E A 21500   50yr B&B 493.70 1334.53 1335.47 1335.97 1337.32 0.098777 10.96 46.68 92.38 2.51



HEC-RAS  Plan: Plan 01    Profile: 50yr B&B (Continued)

River Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  

E A 21400   50yr B&B 493.70 1326.22 1327.09 1327.56 1328.68 0.085414 10.13 48.83 85.60 2.33

E A 21300   50yr B&B 493.70 1320.00 1320.93 1321.30 1322.19 0.061242 9.04 54.61 86.15 2.00

E B 21223.21 50yr B&B 805.90 1317.95 1319.01 1319.79 1322.02 0.106582 13.92 57.90 72.42 2.74

E B 21100   50yr B&B 805.90 1314.12 1316.15 1316.55 1317.49 0.025439 9.27 86.91 68.18 1.45

E B 21000   50yr B&B 805.90 1311.96 1313.89 1314.27 1315.21 0.021364 9.21 87.50 60.74 1.35

E B 20900   50yr B&B 805.90 1309.15 1310.75 1311.16 1312.02 0.036953 9.04 90.10 103.99 1.66

E B 20800   50yr B&B 805.90 1303.98 1305.69 1306.23 1307.33 0.040672 10.31 80.87 91.35 1.77

E B 20700   50yr B&B 805.90 1299.23 1302.11 1302.23 0.001044 2.81 302.43 150.37 0.32

E B 20600   50yr B&B 805.90 1295.93 1302.15 1302.17 0.000070 1.36 727.34 163.09 0.10

E B 20500   50yr B&B 805.90 1293.93 1302.16 1302.16 0.000011 0.64 1787.02 331.54 0.04

E B 20400   50yr B&B 805.90 1290.00 1302.16 1302.16 0.000001 0.21 4058.92 636.44 0.01

E B 20300   50yr B&B 805.90 1289.98 1302.16 1302.16 0.000001 0.28 3560.01 503.63 0.02

E B 20200   50yr B&B 805.90 1289.94 1302.16 1302.16 0.000005 0.47 2095.43 350.33 0.03

E B 20100   50yr B&B 805.90 1289.56 1302.16 1292.39 1302.16 0.000005 0.49 1976.44 299.95 0.03

D A 3300    50yr B&B 102.70 1588.89 1590.11 1590.72 1592.42 0.250250 12.20 8.42 13.03 2.67

D A 3200    50yr B&B 102.70 1549.95 1551.15 1552.07 1555.22 0.374790 16.17 6.35 8.44 3.29

D A 3100    50yr B&B 102.70 1519.72 1520.46 1521.05 1522.86 0.312526 12.43 8.26 14.69 2.92

D A 3000    50yr B&B 102.70 1508.16 1509.59 1509.98 1510.84 0.113092 8.97 11.45 15.36 1.83

D A 2900    50yr B&B 102.70 1488.89 1489.85 1490.21 1491.16 0.202504 9.18 11.18 22.93 2.32

D A 2800    50yr B&B 102.70 1479.22 1480.18 1480.43 1481.02 0.107456 7.35 13.97 24.84 1.73

D A 2700    50yr B&B 102.70 1461.86 1463.65 1464.30 1465.81 0.143646 11.79 8.71 8.64 2.07

D A 2600    50yr B&B 102.70 1429.48 1430.70 1431.51 1434.09 0.330293 14.78 6.95 9.71 3.08

D A 2500    50yr B&B 198.40 1404.19 1405.99 1406.67 1408.35 0.141374 12.33 16.09 15.82 2.15

D A 2400    50yr B&B 198.40 1378.99 1380.13 1380.82 1382.90 0.262206 13.36 14.85 20.98 2.80

D A 2300    50yr B&B 198.40 1370.00 1372.30 1372.86 1374.12 0.074513 10.82 18.33 12.90 1.60

D A 2200    50yr B&B 198.40 1369.27 1370.49 1370.49 1370.89 0.031626 5.09 39.17 51.11 1.00

D A 2100    50yr B&B 198.40 1363.91 1364.86 1364.96 1365.31 0.055155 5.43 36.50 62.18 1.25

D A 2000    50yr B&B 198.40 1359.04 1360.09 1360.13 1360.40 0.052138 4.47 44.72 105.43 1.17

D A 1900    50yr B&B 198.40 1352.96 1355.56 1355.56 0.000137 0.61 330.37 184.37 0.08

D A 1800    50yr B&B 347.50 1350.00 1355.56 1355.56 0.000008 0.24 1424.72 338.13 0.02

D A 1700    50yr B&B 347.50 1354.01 1355.11 1355.11 1355.44 0.033275 4.60 77.73 125.77 0.99

D A 1600    50yr B&B 347.50 1346.58 1347.48 1347.63 1348.05 0.072732 6.11 56.88 100.09 1.43

D A 1500    50yr B&B 347.50 1343.21 1344.20 1344.40 1344.90 0.027102 6.89 55.41 86.12 1.38

D A 1400    50yr B&B 347.50 1334.33 1335.34 1335.66 1336.48 0.088981 8.61 41.42 96.50 2.27

D A 1300    50yr B&B 347.50 1320.46 1332.65 1332.66 0.000001 0.18 1944.32 249.92 0.01

D A 1200    50yr B&B 347.50 1314.00 1332.65 1332.65 0.000000 0.05 6476.37 691.39 0.00

D A 1100    50yr B&B 347.50 1315.99 1332.65 1332.66 0.000000 0.07 5337.78 432.40 0.00

B A 2900    50yr B&B 509.70 1453.87 1456.95 1458.54 1462.40 0.150295 18.73 27.21 13.50 2.33

B A 2800    50yr B&B 509.70 1439.99 1442.69 1444.17 1447.94 0.142532 18.47 28.33 17.39 2.37

B A 2700    50yr B&B 509.70 1417.94 1421.06 1422.92 1428.04 0.205988 21.20 24.04 12.47 2.69

B A 2600    50yr B&B 509.70 1404.00 1405.07 1405.83 1407.74 0.158000 13.10 38.91 38.27 2.29

B A 2500    50yr B&B 509.70 1403.62 1405.20 1405.20 1405.66 0.031091 5.39 94.52 105.85 1.01

B A 2400    50yr B&B 509.70 1398.97 1400.63 1400.74 1401.23 0.042120 6.21 82.06 93.41 1.17

B A 2300    50yr B&B 509.70 1395.82 1397.57 1397.49 1398.16 0.022668 6.14 83.00 60.19 0.92

B A 2200    50yr B&B 602.10 1393.88 1395.45 1395.85 0.018776 5.04 119.37 101.28 0.82

B A 2100    50yr B&B 602.10 1391.72 1393.24 1393.24 1393.87 0.027703 6.34 94.99 76.49 1.00

B A 2000    50yr B&B 602.10 1387.78 1389.62 1389.70 1390.38 0.032620 7.00 86.03 67.50 1.09

B A 1900    50yr B&B 602.10 1383.73 1385.27 1385.43 1386.08 0.042249 7.25 83.00 75.00 1.22

B A 1800    50yr B&B 602.10 1379.13 1380.53 1380.85 1381.63 0.078978 9.94 79.34 110.37 1.66

B A 1700    50yr B&B 602.10 1373.89 1375.77 1376.22 1377.26 0.056769 9.79 61.50 44.00 1.46

B A 1600    50yr B&B 602.10 1365.86 1367.12 1367.50 1368.39 0.096667 9.07 66.42 79.96 1.75

B A 1500    50yr B&B 602.10 1360.01 1361.10 1361.52 1362.49 0.052441 9.51 65.11 92.42 1.91

B A 1400    50yr B&B 602.10 1354.67 1356.00 1356.40 1357.35 0.050541 9.32 64.66 86.11 1.88

B A 1300    50yr B&B 602.10 1350.83 1352.07 1352.40 1353.17 0.039158 8.42 73.27 113.50 1.66

B A 1200    50yr B&B 602.10 1346.74 1347.94 1348.27 1349.04 0.040747 8.44 72.08 99.28 1.69

B A 1100    50yr B&B 602.10 1341.64 1343.01 1343.52 1344.66 0.042249 10.30 58.46 57.30 1.80

A A 36300   50yr B&B 717.10 1699.97 1702.50 1703.86 1707.02 0.120141 17.11 42.75 26.56 2.20

A A 36200   50yr B&B 717.10 1695.99 1700.43 1700.56 1701.57 0.029429 8.54 83.92 43.96 1.09

A A 36100   50yr B&B 717.10 1693.83 1697.60 1697.69 1698.56 0.028362 7.87 91.16 53.36 1.06

A A 36000   50yr B&B 717.10 1689.97 1693.49 1693.84 1694.83 0.040547 9.39 79.27 53.75 1.27

A A 35900   50yr B&B 717.10 1685.94 1689.56 1689.91 1691.20 0.035534 10.30 69.62 31.52 1.22

A A 35800   50yr B&B 717.10 1681.99 1686.53 1686.81 1688.01 0.033970 9.76 73.52 35.57 1.18

A A 35700   50yr B&B 717.10 1679.92 1683.83 1683.88 1684.97 0.024500 8.58 84.12 41.98 1.02

A A 35600   50yr B&B 717.10 1675.98 1679.57 1679.87 1680.71 0.037254 8.53 84.03 53.34 1.20

A A 35500   50yr B&B 740.60 1673.81 1676.91 1676.91 1677.76 0.024850 7.40 101.05 63.82 1.00

A A 35400   50yr B&B 740.60 1669.74 1673.17 1673.34 1674.37 0.030403 8.80 84.27 45.73 1.12

A A 35300   50yr B&B 740.60 1665.93 1669.06 1669.37 1670.36 0.037606 9.12 81.21 47.02 1.22

A A 35200   50yr B&B 740.60 1663.23 1667.11 1667.21 1667.96 0.028723 7.53 102.84 72.75 1.05

A A 35100   50yr B&B 740.60 1658.00 1661.44 1661.90 1662.96 0.053205 9.90 74.79 49.90 1.43

A A 35000   50yr B&B 740.60 1651.06 1653.16 1653.73 1655.02 0.080893 10.93 67.74 53.75 1.72

A A 34900   50yr B&B 740.60 1643.89 1645.94 1646.37 1647.38 0.072225 9.63 76.88 67.82 1.59

A A 34800   50yr B&B 867.50 1637.17 1639.65 1639.68 1640.45 0.027929 7.17 121.09 82.23 1.04

A A 34700   50yr B&B 867.50 1620.56 1624.52 1625.80 1628.71 0.074219 16.45 53.10 21.20 1.78

A A 34600   50yr B&B 867.50 1573.14 1575.15 1577.25 1587.39 0.496911 28.21 31.39 25.40 4.27

A A 34500   50yr B&B 867.50 1480.66 1482.38 1485.23 1503.87 0.874846 37.24 23.47 18.31 5.63

A A 34400   50yr B&B 867.50 1438.22 1439.97 1441.76 1449.30 0.446198 24.50 35.40 29.93 3.97

A A 34300   50yr B&B 867.50 1404.53 1406.18 1407.65 1413.07 0.345865 21.07 41.30 37.99 3.48

A A 34200   50yr B&B 867.50 1387.89 1390.69 1392.21 1396.03 0.145961 18.55 46.78 24.56 2.37

A A 34100   50yr B&B 867.50 1382.72 1384.97 1385.59 1387.05 0.065695 11.58 74.89 46.31 1.61

A A 34000   50yr B&B 867.50 1372.63 1374.47 1375.02 1376.30 0.105773 10.85 79.98 78.51 1.89

A A 33900   50yr B&B 867.50 1363.86 1367.29 1368.04 1369.52 0.047415 11.98 72.42 32.71 1.42



HEC-RAS  Plan: Plan 01    Profile: 50yr B&B (Continued)

River Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  

A A 33800   50yr B&B 867.50 1357.91 1363.59 1363.67 0.000615 2.31 375.68 78.07 0.18

A A 33700   50yr B&B 867.50 1359.50 1362.24 1362.24 1363.29 0.023054 8.24 106.14 53.27 0.99

A A 33600   50yr B&B 867.50 1354.01 1355.34 1355.60 1356.28 0.063966 7.79 112.04 130.00 1.45

A A 33500   50yr B&B 1357.90 1347.73 1350.10 1350.10 1350.80 0.026413 6.68 203.41 149.82 1.00

A A 33400   50yr B&B 1357.90 1342.30 1344.91 1345.22 1346.33 0.040349 9.54 142.32 82.60 1.28

A A 33300   50yr B&B 1357.90 1337.91 1340.16 1340.81 1342.35 0.034805 11.88 114.65 82.14 1.73

A A 33272.54 50yr B&B 1357.90 1336.57 1339.02 1339.83 1341.48 0.029108 12.96 120.62 88.07 1.65

A B 33272.54 50yr B&B 1399.20 1336.57 1339.11 1339.87 1341.45 0.026112 12.66 128.68 90.92 1.58

A B 33200   50yr B&B 1399.20 1324.96 1332.64 1332.70 0.000181 1.88 785.16 204.04 0.15

A B 33100   50yr B&B 1399.20 1323.57 1332.66 1332.68 0.000045 1.11 1281.25 229.12 0.08

A B 33000   50yr B&B 1399.20 1323.74 1332.64 1332.67 0.000062 1.30 1077.57 182.36 0.09

A B 32900   50yr B&B 1399.20 1323.87 1332.65 1332.66 0.000028 0.91 1540.14 240.55 0.06

A B 32800   50yr B&B 1399.20 1322.47 1332.65 1332.66 0.000010 0.62 2257.33 299.29 0.04

A B 32700   50yr B&B 1399.20 1320.59 1332.65 1332.66 0.000003 0.38 3681.89 404.39 0.02

A B 32600   50yr B&B 1399.20 1316.34 1332.65 1332.66 0.000002 0.34 4120.25 337.63 0.02

A B 32500   50yr B&B 1399.20 1314.36 1332.65 1332.65 0.000001 0.26 5404.09 397.78 0.01

A C 32470.54 50yr B&B 1805.50 1313.97 1332.65 1332.65 0.000001 0.27 6616.16 471.14 0.01

A C 32400   50yr B&B 1805.50 1313.99 1332.65 1332.65 0.000001 0.28 6436.66 438.95 0.01

A C 32300   50yr B&B 1805.50 1313.88 1332.65 1332.65 0.000001 0.22 8290.29 573.25 0.01

A C 32200   50yr B&B 1805.50 1313.78 1332.65 1332.65 0.000001 0.23 7895.06 591.77 0.01

A C 32100   50yr B&B 1805.50 1313.64 1332.65 1332.65 0.000001 0.32 5624.63 404.93 0.01

A C 32000   50yr B&B 1805.50 1312.03 1332.65 1332.65 0.000002 0.45 4048.92 282.49 0.02

A C 31900   50yr B&B 1805.50 1329.50 1331.77 1331.77 1332.55 0.010272 7.37 284.89 204.03 0.97

A C 31800   50yr B&B 1805.50 1300.05 1305.63 1302.97 1305.80 0.000626 3.30 568.99 154.71 0.28

A C 31700   50yr B&B 1805.50 1299.13 1305.32 1305.67 0.001696 5.04 458.16 189.69 0.45

A C 31600   50yr B&B 1805.50 1297.18 1303.46 1303.46 1305.24 0.009443 10.70 168.80 49.31 1.01

A C 31500   50yr B&B 1805.50 1291.96 1302.14 1302.18 0.000071 1.73 1537.80 394.05 0.10

A C 31400   50yr B&B 1805.50 1290.00 1302.16 1302.17 0.000015 0.80 2679.11 420.39 0.05

A C 31300   50yr B&B 1805.50 1289.99 1302.16 1302.16 0.000005 0.49 3950.09 488.10 0.03

A C 31200   50yr B&B 1805.50 1289.96 1302.16 1302.16 0.000004 0.49 4274.07 535.33 0.03

A C 31100   50yr B&B 1805.50 1289.61 1302.15 1302.16 0.000012 0.76 2882.12 578.71 0.04

A C 31000   50yr B&B 1805.50 1285.98 1302.15 1288.71 1302.16 0.000010 0.82 2472.37 280.40 0.04

A D 30900   50yr B&B 2352.80 1285.96 1302.14 1302.16 0.000016 1.13 2538.97 291.62 0.05

A D 30800   50yr B&B 2352.80 1285.91 1302.15 1302.16 0.000005 0.65 3798.17 324.45 0.03

A D 30700   50yr B&B 2352.80 1285.78 1302.15 1302.16 0.000008 0.73 3384.19 361.33 0.04

A D 30600   50yr B&B 2352.80 1293.57 1302.11 1302.15 0.000082 1.79 2065.27 410.06 0.11

A D 30500   50yr B&B 2377.70 1291.68 1302.12 1302.14 0.000049 1.59 2570.45 398.53 0.09

A D 30400   50yr B&B 2377.70 1267.96 1302.12 1302.13 0.000017 1.04 5106.27 428.45 0.03

A D 30300   50yr B&B 2377.70 1261.21 1302.12 1302.13 0.000012 0.88 5772.96 509.12 0.03

A D 30200   50yr B&B 2377.70 1260.00 1302.12 1302.13 0.000010 0.80 5106.87 336.24 0.02

A D 30100   50yr B&B 2377.70 1260.00 1302.12 1302.13 0.000005 0.58 5575.93 226.60 0.02

A D 30000   50yr B&B 2377.70 1265.00 1302.12 1269.83 1302.13 0.000006 0.64 3708.98 249.68 0.02

A D 29990   Culvert

A D 29750   50yr B&B 2377.70 1256.00 1264.87 1264.87 1267.70 0.038852 13.49 176.30 31.61 1.01

A D 29650   50yr B&B 2377.70 1255.53 1258.76 1259.70 1261.99 0.090238 14.42 164.90 59.61 1.53



  

HEC-RAS  Plan: Plan 01    Profile: 50yr B&B

River Reach River Sta Profile E.G. Elev W.S. Elev Vel Head Frctn Loss C & E Loss Q Left Q Channel Q Right Top Width

(ft) (ft) (ft) (ft) (ft) (cfs) (cfs) (cfs) (ft)

A D 30000   50yr B&B 1302.13 1302.12 0.01 2377.70 249.68

A D 29990   Culvert

A D 29750   50yr B&B 1267.70 1264.87 2.82 3.76 0.32 2377.70 31.61

A D 29650   50yr B&B 1261.99 1258.76 3.23 5.67 0.04 2377.70 59.61



  

HEC-RAS  Plan: Plan 01    Profile: 50yr B&B

River Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  

G A 3300    50yr B&B 51.00 1601.62 1602.87 1603.42 1604.74 0.200076 10.97 4.65 6.75 2.33

G A 3200    50yr B&B 51.00 1579.57 1580.52 1581.01 1582.27 0.225952 10.64 4.79 8.31 2.47

G A 3100    50yr B&B 51.00 1539.23 1540.12 1540.78 1543.02 0.397735 13.65 3.74 6.74 3.23

G A 3000    50yr B&B 51.00 1501.68 1502.37 1502.89 1504.60 0.381569 11.97 4.26 9.33 3.12

G A 2900    50yr B&B 51.00 1464.83 1465.24 1465.53 1466.38 0.375559 8.55 5.97 21.70 2.87

G A 2800    50yr B&B 51.00 1444.00 1444.36 1444.61 1445.23 0.212585 7.49 6.81 19.54 2.24

G A 2700    50yr B&B 51.00 1433.08 1433.57 1433.70 1433.99 0.109274 5.16 9.88 30.32 1.59

G A 2600    50yr B&B 51.00 1429.21 1429.78 1429.84 1430.01 0.042658 3.87 13.18 56.56 1.41

G A 2500    50yr B&B 51.00 1420.18 1420.64 1420.82 1421.23 0.075512 6.17 8.29 28.00 1.97

G A 2400    50yr B&B 51.00 1411.46 1411.81 1411.95 1412.28 0.089576 5.52 9.24 40.62 2.04

G A 2300    50yr B&B 51.00 1404.07 1404.42 1404.54 1404.82 0.071698 5.06 10.08 42.76 1.84

G A 2200    50yr B&B 51.00 1397.36 1397.80 1397.94 1398.25 0.065323 5.37 9.49 34.32 1.80

G A 2100    50yr B&B 51.00 1390.72 1391.35 1391.51 1391.86 0.062610 5.75 8.88 28.65 1.80

G A 2000    50yr B&B 128.40 1383.72 1385.24 1385.24 1385.59 0.015082 4.80 26.77 37.95 1.01

G A 1900    50yr B&B 128.40 1374.00 1375.12 1375.68 1377.04 0.075558 11.11 11.55 15.42 2.26

G A 1800    50yr B&B 128.40 1365.99 1366.78 1367.35 1368.42 0.085565 10.26 12.51 20.87 2.34

G A 1700    50yr B&B 128.40 1359.93 1360.67 1360.97 1361.64 0.066517 7.91 16.23 33.27 2.00

G A 1600    50yr B&B 128.40 1352.07 1352.76 1353.03 1353.67 0.083598 7.66 16.77 42.88 2.16

G A 1500    50yr B&B 128.40 1345.90 1346.58 1346.88 1347.53 0.063147 7.79 16.49 33.05 1.94

G A 1400    50yr B&B 128.40 1340.00 1340.97 1341.29 1341.99 0.054385 8.08 15.88 27.03 1.86

G A 1300    50yr B&B 128.40 1333.71 1334.31 1334.46 1334.81 0.066758 5.65 22.72 77.37 1.84

G A 1200    50yr B&B 128.40 1327.03 1327.90 1328.14 1328.67 0.056760 7.07 18.16 39.08 1.83

G A 1100    50yr B&B 128.40 1321.22 1321.84 1322.06 1322.54 0.060865 6.72 19.30 50.24 1.85

F A 3000    50yr B&B 76.40 1588.93 1589.93 1590.46 1591.83 0.220166 11.04 6.92 11.29 2.48

F A 2900    50yr B&B 76.40 1559.79 1560.89 1561.64 1563.76 0.286239 14.14 5.65 7.46 2.89

F A 2800    50yr B&B 76.40 1530.64 1531.80 1532.43 1534.38 0.296677 12.90 5.92 9.37 2.86

F A 2700    50yr B&B 76.40 1489.87 1490.74 1491.49 1494.07 0.411115 14.65 5.21 8.81 3.35

F A 2600    50yr B&B 76.40 1460.08 1461.01 1461.60 1463.37 0.300116 12.34 6.19 10.80 2.87

F A 2500    50yr B&B 76.40 1433.92 1434.95 1435.60 1437.43 0.256359 12.63 6.05 8.88 2.70

F A 2400    50yr B&B 76.40 1419.04 1420.07 1420.48 1421.42 0.152349 9.30 8.22 13.20 2.08

F A 2300    50yr B&B 76.40 1406.53 1407.20 1407.40 1407.84 0.132453 6.41 11.91 30.48 1.81

F A 2200    50yr B&B 76.40 1395.41 1396.30 1396.58 1397.20 0.100103 7.60 10.05 16.04 1.69

F A 2100    50yr B&B 76.40 1384.00 1384.42 1384.60 1385.01 0.119741 6.16 12.40 31.17 1.72

F A 2000    50yr B&B 76.40 1379.68 1380.45 1380.48 1380.74 0.044273 4.28 17.85 36.89 1.08

F A 1900    50yr B&B 76.40 1374.99 1375.64 1375.71 1375.99 0.047214 4.90 16.78 36.18 1.15

F A 1800    50yr B&B 76.40 1370.26 1370.86 1370.97 1371.24 0.045076 4.95 15.44 47.81 1.53

F A 1700    50yr B&B 318.50 1365.76 1366.91 1366.91 1367.36 0.013509 5.39 59.61 68.23 1.00

F A 1600    50yr B&B 318.50 1360.10 1360.98 1361.27 1361.91 0.066447 8.45 44.95 87.14 2.03

F A 1500    50yr B&B 318.50 1352.07 1352.91 1353.19 1353.87 0.075846 7.87 41.09 99.03 2.09

F A 1400    50yr B&B 318.50 1343.57 1344.53 1344.89 1345.77 0.080188 9.23 38.36 80.69 2.22

F A 1300    50yr B&B 318.50 1334.03 1334.79 1335.27 1336.53 0.092616 10.67 31.33 61.85 2.44

F A 1200    50yr B&B 318.50 1325.99 1326.98 1327.43 1328.54 0.079410 10.03 31.91 57.21 2.26

F A 1100    50yr B&B 318.50 1320.91 1321.83 1322.20 1322.98 0.052951 8.62 38.43 70.05 1.87

E A 25200   50yr B&B 139.10 1993.57 1995.22 1995.64 1996.55 0.100166 9.26 15.03 17.62 1.77

E A 25100   50yr B&B 139.10 1957.82 1959.01 1959.66 1961.81 0.356617 13.43 10.37 18.48 3.14

E A 25000   50yr B&B 139.10 1939.89 1940.86 1941.49 1943.06 0.184672 11.91 11.68 14.82 2.36

E A 24900   50yr B&B 139.10 1929.05 1929.91 1930.13 1930.66 0.123731 6.94 20.03 43.29 1.80

E A 24800   50yr B&B 139.10 1919.56 1920.60 1920.90 1921.58 0.088252 7.93 17.54 23.95 1.63

E A 24700   50yr B&B 139.10 1910.35 1912.04 1912.45 1913.31 0.084527 9.03 15.40 16.50 1.65

E A 24600   50yr B&B 139.10 1909.01 1910.07 1910.10 1910.37 0.045337 4.33 32.13 66.43 1.10

E A 24500   50yr B&B 139.10 1879.95 1882.03 1882.97 1885.28 0.176668 14.48 9.70 8.66 2.34

E A 24400   50yr B&B 139.10 1821.15 1822.75 1824.11 1830.31 0.590184 22.06 6.31 7.01 4.10

E A 24300   50yr B&B 139.10 1766.63 1767.57 1768.56 1772.89 0.564964 18.50 7.52 11.38 4.01

E A 24200   50yr B&B 139.10 1711.92 1713.23 1714.39 1719.24 0.525345 19.67 7.07 9.16 3.91

E A 24100   50yr B&B 139.10 1669.16 1670.12 1671.02 1674.34 0.482130 17.52 8.55 13.21 3.72

E A 24000   50yr B&B 139.10 1621.86 1623.22 1624.38 1629.01 0.465136 19.31 7.20 8.53 3.70

E A 23900   50yr B&B 139.10 1606.40 1607.53 1607.92 1608.81 0.163407 9.07 15.34 27.31 2.13

E A 23800   50yr B&B 334.50 1587.44 1588.69 1589.02 1589.77 0.070368 8.41 41.26 50.56 1.53

E A 23700   50yr B&B 334.50 1574.77 1576.42 1576.79 1577.63 0.121413 8.85 37.80 55.86 1.90

E A 23600   50yr B&B 334.50 1558.96 1560.45 1561.11 1562.72 0.148697 12.09 27.68 29.68 2.21

E A 23500   50yr B&B 334.50 1546.54 1548.67 1549.42 1551.07 0.111585 12.41 26.95 22.08 1.98

E A 23400   50yr B&B 334.50 1537.08 1538.70 1539.24 1540.44 0.104507 10.59 31.59 31.72 1.87

E A 23300   50yr B&B 334.50 1532.23 1535.11 1535.33 1536.23 0.038853 8.50 39.36 25.69 1.21

E A 23200   50yr B&B 334.50 1517.60 1519.83 1520.75 1522.90 0.145920 14.07 23.77 19.59 2.25

E A 23100   50yr B&B 334.50 1503.82 1506.23 1507.25 1509.59 0.128484 14.73 22.72 15.39 2.14

E A 23000   50yr B&B 334.50 1488.29 1490.57 1491.63 1494.23 0.157788 15.33 21.81 16.56 2.35

E A 22900   50yr B&B 334.50 1474.71 1477.13 1478.15 1480.52 0.133863 14.77 22.65 15.95 2.18

E A 22800   50yr B&B 456.50 1462.30 1465.34 1466.05 1467.68 0.068116 12.30 37.13 20.75 1.62

E A 22700   50yr B&B 456.50 1434.21 1436.65 1438.33 1444.05 0.246038 22.07 21.81 17.45 3.04

E A 22600   50yr B&B 456.50 1408.39 1411.02 1412.63 1417.77 0.256956 20.86 21.89 14.72 3.01

E A 22500   50yr B&B 456.50 1398.00 1399.10 1399.69 1401.05 0.117895 11.19 40.78 41.29 1.98

E A 22400   50yr B&B 456.50 1394.00 1395.40 1395.56 1396.19 0.043132 7.16 63.72 59.53 1.22

E A 22300   50yr B&B 493.70 1391.28 1393.37 1393.37 1394.01 0.027536 6.42 76.94 60.51 1.00

E A 22200   50yr B&B 493.70 1386.00 1388.19 1388.53 1389.50 0.046860 9.19 53.74 36.49 1.33

E A 22100   50yr B&B 493.70 1380.27 1381.86 1382.24 1383.17 0.068933 9.19 53.71 49.01 1.55

E A 22000   50yr B&B 493.70 1373.97 1375.82 1376.18 1377.07 0.060824 8.97 55.03 47.39 1.47

E A 21900   50yr B&B 493.70 1369.20 1370.88 1371.08 1371.72 0.051145 7.37 67.01 68.92 1.31

E A 21800   50yr B&B 493.70 1363.96 1365.97 1366.17 1366.87 0.048544 7.62 64.78 60.28 1.30

E A 21700   50yr B&B 493.70 1355.08 1356.15 1356.51 1357.33 0.097895 8.76 58.66 106.58 1.75

E A 21600   50yr B&B 493.70 1344.84 1346.08 1346.47 1347.56 0.083422 9.79 51.58 101.81 2.29

E A 21500   50yr B&B 493.70 1334.53 1335.47 1335.97 1337.32 0.098777 10.96 46.68 92.38 2.51



HEC-RAS  Plan: Plan 01    Profile: 50yr B&B (Continued)

River Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  

E A 21400   50yr B&B 493.70 1326.22 1327.09 1327.56 1328.68 0.085414 10.13 48.83 85.60 2.33

E A 21300   50yr B&B 493.70 1320.00 1320.93 1321.30 1322.19 0.061242 9.04 54.61 86.15 2.00

E B 21223.21 50yr B&B 805.90 1317.95 1319.01 1319.79 1322.02 0.106582 13.92 57.90 72.42 2.74

E B 21100   50yr B&B 805.90 1314.12 1316.15 1316.55 1317.49 0.025439 9.27 86.91 68.18 1.45

E B 21000   50yr B&B 805.90 1311.96 1313.89 1314.27 1315.21 0.021364 9.21 87.50 60.74 1.35

E B 20900   50yr B&B 805.90 1309.15 1310.75 1311.16 1312.02 0.036953 9.04 90.10 103.99 1.66

E B 20800   50yr B&B 805.90 1303.98 1305.69 1306.23 1307.33 0.040672 10.31 80.87 91.35 1.77

E B 20700   50yr B&B 805.90 1299.23 1301.83 1300.89 1301.99 0.001628 3.22 260.75 144.86 0.40

E B 20600   50yr B&B 805.90 1295.93 1301.88 1301.91 0.000083 1.43 684.20 159.19 0.11

E B 20500   50yr B&B 805.90 1293.93 1301.89 1301.90 0.000013 0.67 1698.87 328.94 0.04

E B 20400   50yr B&B 805.90 1290.00 1301.89 1301.90 0.000001 0.22 3891.94 611.32 0.01

E B 20300   50yr B&B 805.90 1289.98 1301.89 1301.90 0.000002 0.28 3426.56 496.94 0.02

E B 20200   50yr B&B 805.90 1289.94 1301.89 1301.89 0.000005 0.49 2002.58 344.88 0.03

E B 20100   50yr B&B 805.90 1289.56 1301.89 1292.39 1301.89 0.000005 0.51 1896.99 294.44 0.03

D A 3300    50yr B&B 102.70 1588.89 1590.11 1590.72 1592.42 0.250250 12.20 8.42 13.03 2.67

D A 3200    50yr B&B 102.70 1549.95 1551.15 1552.07 1555.22 0.374790 16.17 6.35 8.44 3.29

D A 3100    50yr B&B 102.70 1519.72 1520.46 1521.05 1522.86 0.312526 12.43 8.26 14.69 2.92

D A 3000    50yr B&B 102.70 1508.16 1509.59 1509.98 1510.84 0.113092 8.97 11.45 15.36 1.83

D A 2900    50yr B&B 102.70 1488.89 1489.85 1490.21 1491.16 0.202504 9.18 11.18 22.93 2.32

D A 2800    50yr B&B 102.70 1479.22 1480.18 1480.43 1481.02 0.107456 7.35 13.97 24.84 1.73

D A 2700    50yr B&B 102.70 1461.86 1463.65 1464.30 1465.81 0.143646 11.79 8.71 8.64 2.07

D A 2600    50yr B&B 102.70 1429.48 1430.70 1431.51 1434.09 0.330293 14.78 6.95 9.71 3.08

D A 2500    50yr B&B 198.40 1404.19 1405.99 1406.67 1408.35 0.141374 12.33 16.09 15.82 2.15

D A 2400    50yr B&B 198.40 1378.99 1380.13 1380.82 1382.90 0.262206 13.36 14.85 20.98 2.80

D A 2300    50yr B&B 198.40 1370.00 1372.30 1372.86 1374.12 0.074513 10.82 18.33 12.90 1.60

D A 2200    50yr B&B 198.40 1369.27 1370.49 1370.49 1370.89 0.031626 5.09 39.17 51.11 1.00

D A 2100    50yr B&B 198.40 1363.91 1364.86 1364.96 1365.31 0.055155 5.43 36.50 62.18 1.25

D A 2000    50yr B&B 198.40 1359.04 1360.09 1360.13 1360.40 0.052138 4.47 44.72 105.43 1.17

D A 1900    50yr B&B 198.40 1352.96 1355.56 1355.56 0.000137 0.61 330.37 184.37 0.08

D A 1800    50yr B&B 347.50 1350.00 1355.56 1355.56 0.000008 0.24 1424.72 338.13 0.02

D A 1700    50yr B&B 347.50 1354.01 1355.11 1355.11 1355.44 0.033275 4.60 77.73 125.77 0.99

D A 1600    50yr B&B 347.50 1346.58 1347.48 1347.63 1348.05 0.072732 6.11 56.88 100.09 1.43

D A 1500    50yr B&B 347.50 1343.21 1344.20 1344.40 1344.90 0.027102 6.89 55.41 86.12 1.38

D A 1400    50yr B&B 347.50 1334.33 1335.34 1335.66 1336.48 0.088981 8.61 41.42 96.50 2.27

D A 1300    50yr B&B 347.50 1320.46 1332.65 1332.65 0.000001 0.18 1943.87 249.90 0.01

D A 1200    50yr B&B 347.50 1314.00 1332.65 1332.65 0.000000 0.05 6475.11 691.37 0.00

D A 1100    50yr B&B 347.50 1315.99 1332.65 1332.65 0.000000 0.07 5336.99 432.38 0.00

B A 2900    50yr B&B 509.70 1453.87 1456.95 1458.54 1462.40 0.150295 18.73 27.21 13.50 2.33

B A 2800    50yr B&B 509.70 1439.99 1442.69 1444.17 1447.94 0.142532 18.47 28.33 17.39 2.37

B A 2700    50yr B&B 509.70 1417.94 1421.06 1422.92 1428.04 0.205988 21.20 24.04 12.47 2.69

B A 2600    50yr B&B 509.70 1404.00 1405.07 1405.83 1407.74 0.158000 13.10 38.91 38.27 2.29

B A 2500    50yr B&B 509.70 1403.62 1405.20 1405.20 1405.66 0.031091 5.39 94.52 105.85 1.01

B A 2400    50yr B&B 509.70 1398.97 1400.63 1400.74 1401.23 0.042120 6.21 82.06 93.41 1.17

B A 2300    50yr B&B 509.70 1395.82 1397.57 1397.49 1398.16 0.022668 6.14 83.00 60.19 0.92

B A 2200    50yr B&B 602.10 1393.88 1395.45 1395.85 0.018776 5.04 119.37 101.28 0.82

B A 2100    50yr B&B 602.10 1391.72 1393.24 1393.24 1393.87 0.027703 6.34 94.99 76.49 1.00

B A 2000    50yr B&B 602.10 1387.78 1389.62 1389.70 1390.38 0.032620 7.00 86.03 67.50 1.09

B A 1900    50yr B&B 602.10 1383.73 1385.27 1385.43 1386.08 0.042249 7.25 83.00 75.00 1.22

B A 1800    50yr B&B 602.10 1379.13 1380.53 1380.85 1381.63 0.078978 9.94 79.34 110.37 1.66

B A 1700    50yr B&B 602.10 1373.89 1375.77 1376.22 1377.26 0.056769 9.79 61.50 44.00 1.46

B A 1600    50yr B&B 602.10 1365.86 1367.12 1367.50 1368.39 0.096667 9.07 66.42 79.96 1.75

B A 1500    50yr B&B 602.10 1360.01 1361.10 1361.52 1362.49 0.052441 9.51 65.11 92.42 1.91

B A 1400    50yr B&B 602.10 1354.67 1356.00 1356.40 1357.35 0.050541 9.32 64.66 86.11 1.88

B A 1300    50yr B&B 602.10 1350.83 1352.07 1352.40 1353.17 0.039158 8.42 73.27 113.50 1.66

B A 1200    50yr B&B 602.10 1346.74 1347.94 1348.27 1349.04 0.040747 8.44 72.08 99.28 1.69

B A 1100    50yr B&B 602.10 1341.64 1343.01 1343.52 1344.66 0.042249 10.30 58.46 57.30 1.80

A A 36300   50yr B&B 717.10 1699.97 1702.50 1703.86 1707.02 0.120141 17.11 42.75 26.56 2.20

A A 36200   50yr B&B 717.10 1695.99 1700.43 1700.56 1701.57 0.029429 8.54 83.92 43.96 1.09

A A 36100   50yr B&B 717.10 1693.83 1697.60 1697.69 1698.56 0.028362 7.87 91.16 53.36 1.06

A A 36000   50yr B&B 717.10 1689.97 1693.49 1693.84 1694.83 0.040547 9.39 79.27 53.75 1.27

A A 35900   50yr B&B 717.10 1685.94 1689.56 1689.91 1691.20 0.035534 10.30 69.62 31.52 1.22

A A 35800   50yr B&B 717.10 1681.99 1686.53 1686.81 1688.01 0.033970 9.76 73.52 35.57 1.18

A A 35700   50yr B&B 717.10 1679.92 1683.83 1683.88 1684.97 0.024500 8.58 84.12 41.98 1.02

A A 35600   50yr B&B 717.10 1675.98 1679.57 1679.87 1680.71 0.037254 8.53 84.03 53.34 1.20

A A 35500   50yr B&B 740.60 1673.81 1676.91 1676.91 1677.76 0.024850 7.40 101.05 63.82 1.00

A A 35400   50yr B&B 740.60 1669.74 1673.17 1673.34 1674.37 0.030403 8.80 84.27 45.73 1.12

A A 35300   50yr B&B 740.60 1665.93 1669.06 1669.37 1670.36 0.037606 9.12 81.21 47.02 1.22

A A 35200   50yr B&B 740.60 1663.23 1667.11 1667.21 1667.96 0.028723 7.53 102.84 72.75 1.05

A A 35100   50yr B&B 740.60 1658.00 1661.44 1661.90 1662.96 0.053205 9.90 74.79 49.90 1.43

A A 35000   50yr B&B 740.60 1651.06 1653.16 1653.73 1655.02 0.080893 10.93 67.74 53.75 1.72

A A 34900   50yr B&B 740.60 1643.89 1645.94 1646.37 1647.38 0.072225 9.63 76.88 67.82 1.59

A A 34800   50yr B&B 867.50 1637.17 1639.65 1639.68 1640.45 0.027929 7.17 121.09 82.23 1.04

A A 34700   50yr B&B 867.50 1620.56 1624.52 1625.80 1628.71 0.074219 16.45 53.10 21.20 1.78

A A 34600   50yr B&B 867.50 1573.14 1575.15 1577.25 1587.39 0.496911 28.21 31.39 25.40 4.27

A A 34500   50yr B&B 867.50 1480.66 1482.38 1485.23 1503.87 0.874846 37.24 23.47 18.31 5.63

A A 34400   50yr B&B 867.50 1438.22 1439.97 1441.76 1449.30 0.446198 24.50 35.40 29.93 3.97

A A 34300   50yr B&B 867.50 1404.53 1406.18 1407.65 1413.07 0.345865 21.07 41.30 37.99 3.48

A A 34200   50yr B&B 867.50 1387.89 1390.69 1392.21 1396.03 0.145961 18.55 46.78 24.56 2.37

A A 34100   50yr B&B 867.50 1382.72 1384.97 1385.59 1387.05 0.065695 11.58 74.89 46.31 1.61

A A 34000   50yr B&B 867.50 1372.63 1374.47 1375.02 1376.30 0.105773 10.85 79.98 78.51 1.89

A A 33900   50yr B&B 867.50 1363.86 1367.29 1368.04 1369.52 0.047415 11.98 72.42 32.71 1.42



HEC-RAS  Plan: Plan 01    Profile: 50yr B&B (Continued)

River Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  

A A 33800   50yr B&B 867.50 1357.91 1363.59 1363.67 0.000615 2.31 375.68 78.07 0.18

A A 33700   50yr B&B 867.50 1359.50 1362.24 1362.24 1363.29 0.023054 8.24 106.14 53.27 0.99

A A 33600   50yr B&B 867.50 1354.01 1355.34 1355.60 1356.28 0.063966 7.79 112.04 130.00 1.45

A A 33500   50yr B&B 1357.90 1347.73 1350.10 1350.10 1350.80 0.026413 6.68 203.41 149.82 1.00

A A 33400   50yr B&B 1357.90 1342.30 1344.91 1345.22 1346.33 0.040349 9.54 142.32 82.60 1.28

A A 33300   50yr B&B 1357.90 1337.91 1340.16 1340.81 1342.35 0.034805 11.88 114.65 82.14 1.73

A A 33272.54 50yr B&B 1357.90 1336.57 1339.02 1339.83 1341.48 0.029108 12.96 120.62 88.07 1.65

A B 33272.54 50yr B&B 1399.20 1336.57 1339.11 1339.87 1341.45 0.026112 12.66 128.68 90.92 1.58

A B 33200   50yr B&B 1399.20 1324.96 1332.64 1332.69 0.000181 1.88 784.79 204.01 0.15

A B 33100   50yr B&B 1399.20 1323.57 1332.66 1332.67 0.000045 1.11 1280.83 229.10 0.08

A B 33000   50yr B&B 1399.20 1323.74 1332.64 1332.67 0.000062 1.30 1077.23 182.35 0.09

A B 32900   50yr B&B 1399.20 1323.87 1332.65 1332.66 0.000028 0.91 1539.70 240.54 0.06

A B 32800   50yr B&B 1399.20 1322.47 1332.65 1332.66 0.000010 0.62 2256.78 299.27 0.04

A B 32700   50yr B&B 1399.20 1320.59 1332.65 1332.65 0.000003 0.38 3681.15 404.37 0.02

A B 32600   50yr B&B 1399.20 1316.34 1332.65 1332.65 0.000002 0.34 4119.63 337.61 0.02

A B 32500   50yr B&B 1399.20 1314.36 1332.65 1332.65 0.000001 0.26 5403.36 397.77 0.01

A C 32470.54 50yr B&B 1803.60 1313.97 1332.65 1332.65 0.000001 0.27 6615.29 471.13 0.01

A C 32400   50yr B&B 1803.60 1313.99 1332.65 1332.65 0.000001 0.28 6435.86 438.93 0.01

A C 32300   50yr B&B 1803.60 1313.88 1332.65 1332.65 0.000001 0.22 8289.24 573.24 0.01

A C 32200   50yr B&B 1803.60 1313.78 1332.65 1332.65 0.000001 0.23 7893.97 591.72 0.01

A C 32100   50yr B&B 1803.60 1313.64 1332.65 1332.65 0.000001 0.32 5623.88 404.91 0.01

A C 32000   50yr B&B 1803.60 1312.03 1332.65 1332.65 0.000002 0.45 4048.44 282.46 0.02

A C 31900   50yr B&B 1803.60 1329.50 1331.77 1331.77 1332.55 0.010258 7.36 284.82 204.00 0.97

A C 31800   50yr B&B 1803.60 1300.05 1305.63 1302.96 1305.80 0.000626 3.30 568.48 154.65 0.28

A C 31700   50yr B&B 1803.60 1299.13 1305.32 1305.67 0.001699 5.04 457.45 189.64 0.45

A C 31600   50yr B&B 1803.60 1297.18 1303.46 1303.46 1305.23 0.009444 10.70 168.67 49.28 1.01

A C 31500   50yr B&B 1803.60 1291.96 1301.87 1301.91 0.000080 1.80 1434.42 366.53 0.11

A C 31400   50yr B&B 1803.60 1290.00 1301.89 1301.90 0.000017 0.83 2567.50 414.49 0.05

A C 31300   50yr B&B 1803.60 1289.99 1301.89 1301.90 0.000005 0.51 3820.25 484.32 0.03

A C 31200   50yr B&B 1803.60 1289.96 1301.89 1301.90 0.000005 0.50 4131.36 532.74 0.03

A C 31100   50yr B&B 1803.60 1289.61 1301.89 1301.90 0.000013 0.79 2730.15 557.97 0.05

A C 31000   50yr B&B 1803.60 1285.98 1301.88 1288.70 1301.89 0.000011 0.84 2397.85 276.47 0.04

A D 30900   50yr B&B 2340.60 1285.96 1301.87 1301.89 0.000017 1.15 2461.37 288.01 0.06

A D 30800   50yr B&B 2340.60 1285.91 1301.88 1301.89 0.000005 0.66 3711.73 321.29 0.03

A D 30700   50yr B&B 2340.60 1285.78 1301.88 1301.89 0.000009 0.75 3287.93 355.73 0.04

A D 30600   50yr B&B 2340.60 1293.57 1301.84 1301.88 0.000094 1.87 1954.23 406.50 0.12

A D 30500   50yr B&B 2367.20 1291.68 1301.85 1301.87 0.000049 1.55 2464.00 390.56 0.09

A D 30400   50yr B&B 2367.20 1267.96 1301.85 1301.86 0.000018 1.05 4991.43 419.30 0.03

A D 30300   50yr B&B 2367.20 1261.21 1301.85 1301.86 0.000012 0.89 5638.52 486.18 0.03

A D 30200   50yr B&B 2367.20 1260.00 1301.85 1301.86 0.000010 0.81 5016.09 334.75 0.02

A D 30100   50yr B&B 2367.20 1260.00 1301.85 1301.86 0.000005 0.58 5514.84 225.53 0.02

A D 30000   50yr B&B 2367.20 1265.00 1301.85 1269.82 1301.86 0.000007 0.64 3678.71 248.64 0.02

A D 29990   Culvert

A D 29750   50yr B&B 2367.20 1256.00 1264.87 1264.87 1267.67 0.038660 13.45 176.03 31.57 1.00

A D 29650   50yr B&B 2367.20 1255.53 1258.75 1259.69 1261.98 0.090458 14.41 164.29 59.57 1.53



  

HEC-RAS  Plan: Plan 01    Profile: 50yr B&B

River Reach River Sta Profile E.G. Elev W.S. Elev Vel Head Frctn Loss C & E Loss Q Left Q Channel Q Right Top Width

(ft) (ft) (ft) (ft) (ft) (cfs) (cfs) (cfs) (ft)

A D 30000   50yr B&B 1301.86 1301.85 0.01 2367.20 248.64

A D 29990   Culvert

A D 29750   50yr B&B 1267.67 1264.87 2.81 3.75 0.31 2367.20 31.57

A D 29650   50yr B&B 1261.98 1258.75 3.22 5.65 0.04 2367.20 59.57
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Appendix D LID calculations (including Detention)              
 



LID spreadsheet with
calculations and summary
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Appendix E Debris Analysis and Basins 
 
Debris Calculation Spreadsheet 



Basin Number
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Debris Production Factor (Cubic Yards per square 
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Undeveloped Debris Production Factor (Cubic Yards per Acre)

Debris Production Rate (cy)
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Design Debris Event (DDE) rate (cy)

Basin drawing sheet no

Level Capacity

 (1) Spillway elevation

 (2) Natural Ground below spillway

 (3) Spillway Height
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(6) Horizontal to upstream cone el 
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 (8) Debris Cone Slope (MAX 5%)
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Appendix G Detention Basin Analysis  
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� Site hydrographs 
� Site Detention Calculations 



Proposed Site Hydrographs



msdet002

  CIVILCADD/CIVILDESIGN  Engineering Software, (c) 1997-2004 Version 6.4  
-------------------------------------------------------------------- 
Study Date : 02/20/13 Input hydrograph file name : ms002p.HYD
Output hydrograph file name: msdet002.hin
 

User entry of depth-outflow-storage data
--------------------------------------------------------------------
Hydrograph time unit varies
Initial depth in storage basin =   0.00(Ft.)
--------------------------------------------------------------------
--------------------------------------------------------------------
Initial basin depth =   0.00 (Ft.)
Initial basin storage =      0.00 (Ac.Ft)
Initial basin outflow =   0.00 (CFS)
---------------------------------------------------------------------
--------------------------------------------------------------------
Depth vs. Storage and Depth vs. Discharge data @ 1 Min. Intervals:
 Basin Depth  Storage    Outflow   (S-O*dt/2)   (S+O*dt/2)
     (Ft.)    (Ac.Ft)    (CFS)     (Ac.Ft)    (Ac.Ft)
---------------------------------------------------------------------

          0.000      0.000      0.000      0.000        0.000
          1.000      0.140      1.800      0.139        0.141
          1.920      0.300      1.900      0.299        0.301
          2.000      0.320      2.200      0.318        0.322

--------------------------------------------------------------------
Hydrograph Detention Basin Routing

Hydrograph at 5 439 A Storm Day: 1 Drainage Area =   19.10
Total flood hydrograph volume this storm day =    0.01 Ac. Ft.
---------------------------------------------------------------------

Graph values: 'I'= unit inflow; 'O'=outflow at time shown
---------------------------------------------------------------------

  Time   Inflow  Outflow    Storage                                     Depth 
  (Min)  (CFS)   (CFS)     (Ac.Ft) .0       0.1     0.1     0.2     0.2 (Ft.)
      0     0.0     0.0      0.000  O       |       |       |       |      0.0
    100     0.0     0.0      0.000  O       |       |       |       |      0.0
    200     0.0     0.0      0.000  O       |       |       |       |      0.0
    300     0.0     0.0      0.000  O       |       |       |       |      0.0
    400     0.0     0.0      0.000  O       |       |       |       |      0.0
    500     0.0     0.0      0.000  O       |       |       |       |      0.0
    600     0.0     0.0      0.000  O       |       |       |       |      0.0
    700     0.0     0.0      0.000  O       |       |       |       |      0.0
    800     0.0     0.0      0.000  O       |       |       |       |      0.0
    900     0.0     0.0      0.000  O       |       |       |       |      0.0
   1000     0.0     0.0      0.000  O       |       |       |       |      0.0
   1050     0.0     0.0      0.000  O       |       |       |       |      0.0
   1100     0.0     0.0      0.000  O       |       |       |       |      0.0
   1110     0.0     0.0      0.000  O       |       |       |       |      0.0
   1120     0.0     0.0      0.000  O       |       |       |       |      0.0
   1130     0.0     0.0      0.000  O       |       |       |       |      0.0
   1131     0.0     0.0      0.000  O       |       |       |       |      0.0
   1132     0.0     0.0      0.000  O       |       |       |       |      0.0
   1133     0.0     0.0      0.000  O       |       |       |       |      0.0
   1134     0.0     0.0      0.000  O       |       |       |       |      0.0
   1135     0.0     0.0      0.000  O       |       |       |       |      0.0
   1136     0.0     0.0      0.000  O       |       |       |       |      0.0
   1137     0.0     0.0      0.000  O       |       |       |       |      0.0
   1138     0.0     0.0      0.000  O       |       |       |       |      0.0
   1139     0.0     0.0      0.000  O       |       |       |       |      0.0
   1140     0.0     0.0      0.000  O       |       |       |       |      0.0
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   1141     0.0     0.0      0.000  O       |       |       |       |      0.0
   1142     0.0     0.0      0.000  O       |       |       |       |      0.0
   1143     0.0     0.0      0.000  O       |       |       |       |      0.0
   1144     0.0     0.0      0.000  O       |       |       |       |      0.0
   1145     0.0     0.0      0.000  O       |       |       |       |      0.0
   1146     0.0     0.0      0.000  O       |       |       |       |      0.0
   1147     0.0     0.0      0.000  O       |       |       |       |      0.0
   1148     0.0     0.0      0.000  O       |       |       |       |      0.0
   1149     0.0     0.0      0.000  O       |       |       |       |      0.0
   1150     0.2     0.0      0.000  O       |       |       |       I      0.0
   1151     0.2     0.0      0.001  |O      |       |       |       I      0.0
   1152     0.2     0.0      0.001  |O      |       |       |       I      0.0
   1153     0.2     0.0      0.001  | O     |       |       |       I      0.0
   1154     0.2     0.0      0.001  | O     |       |       |       I      0.0
   1155     0.2     0.0      0.002  |  O    |       |       |       I      0.0
   1156     0.2     0.0      0.002  |  O    |       |       |       I      0.0
   1157     0.2     0.0      0.002  |   O   |       |       |       I      0.0
   1158     0.2     0.0      0.002  |   O   |       |       |       I      0.0
   1159     0.2     0.0      0.003  |    O  |       |       |       I      0.0
   1160     0.2     0.0      0.003  |    O  |       |       |       I      0.0
   1161     0.2     0.0      0.003  |     O |       |       |       I      0.0
   1162     0.2     0.0      0.003  |     O |       |       |       I      0.0
   1163     0.2     0.0      0.003  |      O|       |       |       I      0.0
   1164     0.2     0.0      0.004  |      O|       |       |       I      0.0
   1165     0.2     0.0      0.004  |      O|       |       |       I      0.0
   1166     0.2     0.1      0.004  |       O       |       |       I      0.0
   1167     0.2     0.1      0.004  |       O       |       |       I      0.0
   1168     0.2     0.1      0.004  |       |O      |       |       I      0.0
   1169     0.1     0.1      0.005  |       |O      I       |       |      0.0
   1170     0.0     0.1      0.004  I       |O      |       |       |      0.0
   1171     0.0     0.1      0.004  I       O       |       |       |      0.0
   1172     0.0     0.1      0.004  I       O       |       |       |      0.0
   1173     0.0     0.1      0.004  I       O       |       |       |      0.0
   1174     0.0     0.1      0.004  I       O       |       |       |      0.0
   1175     0.0     0.1      0.004  I       O       |       |       |      0.0
   1176     0.0     0.1      0.004  I       O       |       |       |      0.0
   1177     0.0     0.1      0.004  I       O       |       |       |      0.0
   1178     0.0     0.0      0.004  I      O|       |       |       |      0.0
   1179     0.0     0.0      0.004  I      O|       |       |       |      0.0
   1180     0.0     0.0      0.004  I      O|       |       |       |      0.0
   1181     0.0     0.0      0.004  I      O|       |       |       |      0.0
   1182     0.0     0.0      0.004  I      O|       |       |       |      0.0
   1183     0.0     0.0      0.004  I      O|       |       |       |      0.0
   1184     0.0     0.0      0.003  I      O|       |       |       |      0.0
   1185     0.0     0.0      0.003  I     O |       |       |       |      0.0
   1186     0.0     0.0      0.003  I     O |       |       |       |      0.0
   1187     0.0     0.0      0.003  I     O |       |       |       |      0.0
   1188     0.0     0.0      0.003  I     O |       |       |       |      0.0
   1189     0.0     0.0      0.003  I     O |       |       |       |      0.0
   1190     0.0     0.0      0.003  I     O |       |       |       |      0.0
   1191     0.0     0.0      0.003  I     O |       |       |       |      0.0
   1192     0.0     0.0      0.003  I     O |       |       |       |      0.0
   1193     0.0     0.0      0.003  I     O |       |       |       |      0.0
   1194     0.0     0.0      0.003  I    O  |       |       |       |      0.0
   1195     0.0     0.0      0.003  I    O  |       |       |       |      0.0
   1196     0.0     0.0      0.003  I    O  |       |       |       |      0.0
   1197     0.0     0.0      0.003  I    O  |       |       |       |      0.0
   1198     0.0     0.0      0.003  I    O  |       |       |       |      0.0
   1199     0.0     0.0      0.003  I    O  |       |       |       |      0.0
   1200     0.0     0.0      0.003  I    O  |       |       |       |      0.0
   1201     0.0     0.0      0.003  I    O  |       |       |       |      0.0
   1202     0.0     0.0      0.003  I    O  |       |       |       |      0.0
   1203     0.0     0.0      0.002  I    O  |       |       |       |      0.0
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   1204     0.0     0.0      0.002  I   O   |       |       |       |      0.0
   1205     0.0     0.0      0.002  I   O   |       |       |       |      0.0
   1206     0.0     0.0      0.002  I   O   |       |       |       |      0.0
   1207     0.0     0.0      0.002  I   O   |       |       |       |      0.0
   1208     0.0     0.0      0.002  I   O   |       |       |       |      0.0
   1209     0.0     0.0      0.002  I   O   |       |       |       |      0.0
   1210     0.0     0.0      0.002  I   O   |       |       |       |      0.0
   1211     0.0     0.0      0.002  I   O   |       |       |       |      0.0
   1212     0.0     0.0      0.002  I   O   |       |       |       |      0.0
   1213     0.0     0.0      0.002  I   O   |       |       |       |      0.0
   1214     0.0     0.0      0.002  I   O   |       |       |       |      0.0
   1215     0.0     0.0      0.002  I   O   |       |       |       |      0.0
   1216     0.0     0.0      0.002  I   O   |       |       |       |      0.0
   1217     0.0     0.0      0.002  I  O    |       |       |       |      0.0
   1218     0.0     0.0      0.002  I  O    |       |       |       |      0.0
   1219     0.0     0.0      0.002  I  O    |       |       |       |      0.0
   1220     0.0     0.0      0.002  I  O    |       |       |       |      0.0
   1221     0.0     0.0      0.002  I  O    |       |       |       |      0.0
   1222     0.0     0.0      0.002  I  O    |       |       |       |      0.0
   1223     0.0     0.0      0.002  I  O    |       |       |       |      0.0
   1224     0.0     0.0      0.002  I  O    |       |       |       |      0.0
   1225     0.0     0.0      0.002  I  O    |       |       |       |      0.0
   1226     0.0     0.0      0.002  I  O    |       |       |       |      0.0
   1227     0.0     0.0      0.002  I  O    |       |       |       |      0.0
   1228     0.0     0.0      0.002  I  O    |       |       |       |      0.0
   1229     0.0     0.0      0.002  I  O    |       |       |       |      0.0
   1230     0.0     0.0      0.002  I  O    |       |       |       |      0.0
   1231     0.0     0.0      0.002  I  O    |       |       |       |      0.0
   1232     0.0     0.0      0.001  I  O    |       |       |       |      0.0
   1233     0.0     0.0      0.001  I O     |       |       |       |      0.0
   1234     0.0     0.0      0.001  I O     |       |       |       |      0.0
   1235     0.0     0.0      0.001  I O     |       |       |       |      0.0
   1236     0.0     0.0      0.001  I O     |       |       |       |      0.0
   1237     0.0     0.0      0.001  I O     |       |       |       |      0.0
   1238     0.0     0.0      0.001  I O     |       |       |       |      0.0
   1239     0.0     0.0      0.001  I O     |       |       |       |      0.0
   1240     0.0     0.0      0.001  I O     |       |       |       |      0.0
   1241     0.0     0.0      0.001  I O     |       |       |       |      0.0
   1242     0.0     0.0      0.001  I O     |       |       |       |      0.0
   1243     0.0     0.0      0.001  I O     |       |       |       |      0.0
   1244     0.0     0.0      0.001  I O     |       |       |       |      0.0
   1245     0.0     0.0      0.001  I O     |       |       |       |      0.0
   1246     0.0     0.0      0.001  I O     |       |       |       |      0.0
   1247     0.0     0.0      0.001  I O     |       |       |       |      0.0
   1248     0.0     0.0      0.001  I O     |       |       |       |      0.0
   1249     0.0     0.0      0.001  I O     |       |       |       |      0.0
   1250     0.0     0.0      0.001  I O     |       |       |       |      0.0
   1251     0.0     0.0      0.001  I O     |       |       |       |      0.0
   1252     0.0     0.0      0.001  I O     |       |       |       |      0.0
   1253     0.0     0.0      0.001  I O     |       |       |       |      0.0
   1254     0.0     0.0      0.001  I O     |       |       |       |      0.0
   1255     0.0     0.0      0.001  I O     |       |       |       |      0.0
   1256     0.0     0.0      0.001  IO      |       |       |       |      0.0
   1257     0.0     0.0      0.001  IO      |       |       |       |      0.0
   1258     0.0     0.0      0.001  IO      |       |       |       |      0.0
   1259     0.0     0.0      0.001  IO      |       |       |       |      0.0
   1260     0.0     0.0      0.001  IO      |       |       |       |      0.0
   1261     0.0     0.0      0.001  IO      |       |       |       |      0.0
   1262     0.0     0.0      0.001  IO      |       |       |       |      0.0
   1263     0.0     0.0      0.001  IO      |       |       |       |      0.0
   1264     0.0     0.0      0.001  IO      |       |       |       |      0.0
   1265     0.0     0.0      0.001  IO      |       |       |       |      0.0
   1266     0.0     0.0      0.001  IO      |       |       |       |      0.0
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   1267     0.0     0.0      0.001  IO      |       |       |       |      0.0
   1268     0.0     0.0      0.001  IO      |       |       |       |      0.0
   1269     0.0     0.0      0.001  IO      |       |       |       |      0.0
   1270     0.0     0.0      0.001  IO      |       |       |       |      0.0
   1271     0.0     0.0      0.001  IO      |       |       |       |      0.0
   1272     0.0     0.0      0.001  IO      |       |       |       |      0.0
   1273     0.0     0.0      0.001  IO      |       |       |       |      0.0
   1274     0.0     0.0      0.001  IO      |       |       |       |      0.0
   1275     0.0     0.0      0.001  IO      |       |       |       |      0.0
   1276     0.0     0.0      0.001  IO      |       |       |       |      0.0
   1277     0.0     0.0      0.001  IO      |       |       |       |      0.0
   1278     0.0     0.0      0.001  IO      |       |       |       |      0.0
   1279     0.0     0.0      0.001  IO      |       |       |       |      0.0
   1280     0.0     0.0      0.001  IO      |       |       |       |      0.0
   1281     0.0     0.0      0.001  IO      |       |       |       |      0.0
   1282     0.0     0.0      0.001  IO      |       |       |       |      0.0
   1283     0.0     0.0      0.001  IO      |       |       |       |      0.0
   1284     0.0     0.0      0.001  IO      |       |       |       |      0.0
   1285     0.0     0.0      0.001  IO      |       |       |       |      0.0
   1286     0.0     0.0      0.001  IO      |       |       |       |      0.0
   1287     0.0     0.0      0.001  IO      |       |       |       |      0.0
   1288     0.0     0.0      0.001  IO      |       |       |       |      0.0
   1289     0.0     0.0      0.001  IO      |       |       |       |      0.0
   1290     0.0     0.0      0.001  IO      |       |       |       |      0.0
   1291     0.0     0.0      0.001  IO      |       |       |       |      0.0
   1292     0.0     0.0      0.001  IO      |       |       |       |      0.0
   1293     0.0     0.0      0.001  IO      |       |       |       |      0.0
   1294     0.0     0.0      0.000  IO      |       |       |       |      0.0
   1295     0.0     0.0      0.000  O       |       |       |       |      0.0
   1296     0.0     0.0      0.000  O       |       |       |       |      0.0
   1297     0.0     0.0      0.000  O       |       |       |       |      0.0
   1298     0.0     0.0      0.000  O       |       |       |       |      0.0
   1299     0.0     0.0      0.000  O       |       |       |       |      0.0
   1300     0.0     0.0      0.000  O       |       |       |       |      0.0
   1310     0.0     0.0      0.000  O       |       |       |       |      0.0
   1320     0.0     0.0      0.000  O       |       |       |       |      0.0
   1330     0.0     0.0      0.000  O       |       |       |       |      0.0
   1340     0.0     0.0      0.000  O       |       |       |       |      0.0
   1350     0.0     0.0      0.000  O       |       |       |       |      0.0
   1360     0.0     0.0      0.000  O       |       |       |       |      0.0
   1370     0.0     0.0      0.000  O       |       |       |       |      0.0
   1380     0.0     0.0      0.000  O       |       |       |       |      0.0
   1390     0.0     0.0      0.000  O       |       |       |       |      0.0
   1400     0.0     0.0      0.000  O       |       |       |       |      0.0
   1420     0.0     0.0      0.000  O       |       |       |       |      0.0
   1440     0.0     0.0      0.000  O       |       |       |       |      0.0
   1460     0.0     0.0      0.000  O       |       |       |       |      0.0
   1500     0.0     0.0      0.000  O       |       |       |       |      0.0

Remaining water in basin =    0.00 (Ac.Ft)
Peak flow out of basin =     0.06(CFS)
Peak flow time = 1169 Min., time interval # = 55
Maximum depth in basin =    0.03(Ft.)

Hydrograph Detention Basin Routing
Hydrograph at 5 439 A Storm Day: 2 Drainage Area =   19.10
Total flood hydrograph volume this storm day =    0.19 Ac. Ft.
---------------------------------------------------------------------

Graph values: 'I'= unit inflow; 'O'=outflow at time shown
---------------------------------------------------------------------
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  Time   Inflow  Outflow    Storage                                     Depth 
  (Min)  (CFS)   (CFS)     (Ac.Ft) .0       0.8     1.7     2.5     3.4 (Ft.)
      0     0.0     0.0      0.000  O       |       |       |       |      0.0
    100     0.0     0.0      0.000  O       |       |       |       |      0.0
    200     0.0     0.0      0.000  O       |       |       |       |      0.0
    300     0.0     0.0      0.000  O       |       |       |       |      0.0
    400     0.0     0.0      0.000  O       |       |       |       |      0.0
    500     0.0     0.0      0.000  O       |       |       |       |      0.0
    600     0.0     0.0      0.000  O       |       |       |       |      0.0
    700     0.0     0.0      0.000  O       |       |       |       |      0.0
    800     0.0     0.0      0.000  O       |       |       |       |      0.0
    900     0.0     0.0      0.000  O       |       |       |       |      0.0
   1000     0.0     0.0      0.000  O       |       |       |       |      0.0
   1050     0.0     0.0      0.000  O       |       |       |       |      0.0
   1100     0.2     0.1      0.005  OI      |       |       |       |      0.0
   1110     0.2     0.1      0.007  OI      |       |       |       |      0.0
   1120     0.3     0.1      0.009  |OI     |       |       |       |      0.1
   1130     0.3     0.1      0.011  |OI     |       |       |       |      0.1
   1131     0.3     0.1      0.012  |OI     |       |       |       |      0.1
   1132     0.3     0.2      0.012  |OI     |       |       |       |      0.1
   1133     0.3     0.2      0.012  |OI     |       |       |       |      0.1
   1134     0.4     0.2      0.012  |O I    |       |       |       |      0.1
   1135     0.4     0.2      0.013  |O I    |       |       |       |      0.1
   1136     0.4     0.2      0.013  |O I    |       |       |       |      0.1
   1137     0.4     0.2      0.013  |O I    |       |       |       |      0.1
   1138     0.5     0.2      0.014  |O  I   |       |       |       |      0.1
   1139     0.6     0.2      0.014  |O   I  |       |       |       |      0.1
   1140     0.6     0.2      0.015  |O   I  |       |       |       |      0.1
   1141     0.7     0.2      0.016  |O    I |       |       |       |      0.1
   1142     0.7     0.2      0.016  |O    I |       |       |       |      0.1
   1143     0.8     0.2      0.017  | O    I|       |       |       |      0.1
   1144     0.9     0.2      0.018  | O     I       |       |       |      0.1
   1145     1.0     0.2      0.019  | O     |I      |       |       |      0.1
   1146     1.1     0.3      0.020  | O     | I     |       |       |      0.1
   1147     1.2     0.3      0.022  | O     |  I    |       |       |      0.2
   1148     1.3     0.3      0.023  | O     |   I   |       |       |      0.2
   1149     1.4     0.3      0.024  | O     |    I  |       |       |      0.2
   1150     1.6     0.3      0.026  |  O    |      I|       |       |      0.2
   1151     1.8     0.4      0.028  |  O    |       I       |       |      0.2
   1152     2.1     0.4      0.031  |  O    |       |  I    |       |      0.2
   1153     2.4     0.4      0.033  |   O   |       |     I |       |      0.2
   1154     2.6     0.5      0.036  |   O   |       |       I       |      0.3
   1155     2.8     0.5      0.039  |   O   |       |       | I     |      0.3
   1156     3.0     0.6      0.043  |    O  |       |       |   I   |      0.3
   1157     3.2     0.6      0.046  |    O  |       |       |     I |      0.3
   1158     3.3     0.6      0.050  |     O |       |       |      I|      0.4
   1159     3.4     0.7      0.054  |     O |       |       |       I      0.4
   1160     3.4     0.7      0.058  |     O |       |       |       I      0.4
   1161     3.3     0.8      0.061  |      O|       |       |      I|      0.4
   1162     3.1     0.8      0.064  |      O|       |       |    I  |      0.5
   1163     2.9     0.9      0.067  |       O       |       |  I    |      0.5
   1164     2.7     0.9      0.070  |       O       |       |I      |      0.5
   1165     2.5     0.9      0.072  |       O       |      I|       |      0.5
   1166     2.2     0.9      0.074  |       O       |   I   |       |      0.5
   1167     2.0     1.0      0.075  |       |O      | I     |       |      0.5
   1168     1.8     1.0      0.076  |       |O      I       |       |      0.5
   1169     1.7     1.0      0.077  |       |O      I       |       |      0.6
   1170     1.6     1.0      0.078  |       |O     I|       |       |      0.6
   1171     1.5     1.0      0.079  |       |O    I |       |       |      0.6
   1172     1.4     1.0      0.079  |       |O   I  |       |       |      0.6
   1173     1.3     1.0      0.080  |       |O  I   |       |       |      0.6
   1174     1.2     1.0      0.080  |       |O I    |       |       |      0.6
   1175     1.2     1.0      0.080  |       |O I    |       |       |      0.6
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   1176     1.1     1.0      0.080  |       |OI     |       |       |      0.6
   1177     1.1     1.0      0.080  |       |OI     |       |       |      0.6
   1178     1.1     1.0      0.080  |       |OI     |       |       |      0.6
   1179     1.0     1.0      0.080  |       |O      |       |       |      0.6
   1180     1.0     1.0      0.080  |       |O      |       |       |      0.6
   1181     1.0     1.0      0.080  |       |O      |       |       |      0.6
   1182     1.0     1.0      0.080  |       |O      |       |       |      0.6
   1183     0.9     1.0      0.080  |       IO      |       |       |      0.6
   1184     0.9     1.0      0.080  |       IO      |       |       |      0.6
   1185     0.8     1.0      0.079  |      I|O      |       |       |      0.6
   1186     0.8     1.0      0.079  |      I|O      |       |       |      0.6
   1187     0.8     1.0      0.079  |      I|O      |       |       |      0.6
   1188     0.8     1.0      0.079  |      I|O      |       |       |      0.6
   1189     0.7     1.0      0.078  |     I |O      |       |       |      0.6
   1190     0.7     1.0      0.078  |     I |O      |       |       |      0.6
   1191     0.7     1.0      0.077  |     I |O      |       |       |      0.6
   1192     0.7     1.0      0.077  |     I |O      |       |       |      0.5
   1193     0.7     1.0      0.077  |     I |O      |       |       |      0.5
   1194     0.7     1.0      0.076  |     I |O      |       |       |      0.5
   1195     0.7     1.0      0.076  |     I |O      |       |       |      0.5
   1196     0.6     1.0      0.075  |    I  |O      |       |       |      0.5
   1197     0.6     1.0      0.075  |    I  |O      |       |       |      0.5
   1198     0.6     1.0      0.074  |    I  O       |       |       |      0.5
   1199     0.6     0.9      0.074  |    I  O       |       |       |      0.5
   1200     0.6     0.9      0.073  |    I  O       |       |       |      0.5
   1201     0.6     0.9      0.073  |    I  O       |       |       |      0.5
   1202     0.6     0.9      0.072  |    I  O       |       |       |      0.5
   1203     0.6     0.9      0.072  |    I  O       |       |       |      0.5
   1204     0.6     0.9      0.071  |    I  O       |       |       |      0.5
   1205     0.6     0.9      0.071  |    I  O       |       |       |      0.5
   1206     0.6     0.9      0.071  |    I  O       |       |       |      0.5
   1207     0.6     0.9      0.070  |    I  O       |       |       |      0.5
   1208     0.6     0.9      0.070  |    I  O       |       |       |      0.5
   1209     0.6     0.9      0.069  |    I  O       |       |       |      0.5
   1210     0.6     0.9      0.069  |    I  O       |       |       |      0.5
   1211     0.6     0.9      0.069  |    I  O       |       |       |      0.5
   1212     0.6     0.9      0.068  |    I  O       |       |       |      0.5
   1213     0.6     0.9      0.068  |    I  O       |       |       |      0.5
   1214     0.5     0.9      0.067  |   I   O       |       |       |      0.5
   1215     0.5     0.9      0.067  |   I   O       |       |       |      0.5
   1216     0.5     0.9      0.066  |   I   O       |       |       |      0.5
   1217     0.5     0.8      0.066  |   I  O|       |       |       |      0.5
   1218     0.5     0.8      0.065  |   I  O|       |       |       |      0.5
   1219     0.5     0.8      0.065  |   I  O|       |       |       |      0.5
   1220     0.5     0.8      0.064  |   I  O|       |       |       |      0.5
   1221     0.5     0.8      0.064  |   I  O|       |       |       |      0.5
   1222     0.5     0.8      0.064  |   I  O|       |       |       |      0.5
   1223     0.5     0.8      0.063  |   I  O|       |       |       |      0.5
   1224     0.5     0.8      0.063  |   I  O|       |       |       |      0.4
   1225     0.5     0.8      0.062  |   I  O|       |       |       |      0.4
   1226     0.5     0.8      0.062  |   I  O|       |       |       |      0.4
   1227     0.5     0.8      0.061  |   I  O|       |       |       |      0.4
   1228     0.5     0.8      0.061  |   I  O|       |       |       |      0.4
   1229     0.5     0.8      0.061  |   I  O|       |       |       |      0.4
   1230     0.5     0.8      0.060  |   I  O|       |       |       |      0.4
   1231     0.5     0.8      0.060  |   I  O|       |       |       |      0.4
   1232     0.5     0.8      0.060  |   I  O|       |       |       |      0.4
   1233     0.5     0.8      0.059  |   I  O|       |       |       |      0.4
   1234     0.4     0.8      0.059  |  I   O|       |       |       |      0.4
   1235     0.4     0.7      0.058  |  I   O|       |       |       |      0.4
   1236     0.4     0.7      0.058  |  I  O |       |       |       |      0.4
   1237     0.4     0.7      0.057  |  I  O |       |       |       |      0.4
   1238     0.4     0.7      0.057  |  I  O |       |       |       |      0.4
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   1239     0.4     0.7      0.056  |  I  O |       |       |       |      0.4
   1240     0.4     0.7      0.056  |  I  O |       |       |       |      0.4
   1241     0.4     0.7      0.055  |  I  O |       |       |       |      0.4
   1242     0.4     0.7      0.055  |  I  O |       |       |       |      0.4
   1243     0.4     0.7      0.055  |  I  O |       |       |       |      0.4
   1244     0.4     0.7      0.054  |  I  O |       |       |       |      0.4
   1245     0.4     0.7      0.054  |  I  O |       |       |       |      0.4
   1246     0.4     0.7      0.053  |  I  O |       |       |       |      0.4
   1247     0.4     0.7      0.053  |  I  O |       |       |       |      0.4
   1248     0.4     0.7      0.053  |  I  O |       |       |       |      0.4
   1249     0.4     0.7      0.052  |  I  O |       |       |       |      0.4
   1250     0.4     0.7      0.052  |  I  O |       |       |       |      0.4
   1251     0.4     0.7      0.052  |  I  O |       |       |       |      0.4
   1252     0.4     0.7      0.051  |  I  O |       |       |       |      0.4
   1253     0.3     0.7      0.051  | I   O |       |       |       |      0.4
   1254     0.3     0.6      0.050  | I   O |       |       |       |      0.4
   1255     0.3     0.6      0.050  | I   O |       |       |       |      0.4
   1256     0.3     0.6      0.049  | I  O  |       |       |       |      0.4
   1257     0.3     0.6      0.049  | I  O  |       |       |       |      0.3
   1258     0.3     0.6      0.048  | I  O  |       |       |       |      0.3
   1259     0.3     0.6      0.048  | I  O  |       |       |       |      0.3
   1260     0.3     0.6      0.047  | I  O  |       |       |       |      0.3
   1261     0.3     0.6      0.047  | I  O  |       |       |       |      0.3
   1262     0.3     0.6      0.047  | I  O  |       |       |       |      0.3
   1263     0.3     0.6      0.046  | I  O  |       |       |       |      0.3
   1264     0.3     0.6      0.046  | I  O  |       |       |       |      0.3
   1265     0.3     0.6      0.045  | I  O  |       |       |       |      0.3
   1266     0.3     0.6      0.045  | I  O  |       |       |       |      0.3
   1267     0.3     0.6      0.045  | I  O  |       |       |       |      0.3
   1268     0.3     0.6      0.044  | I  O  |       |       |       |      0.3
   1269     0.3     0.6      0.044  | I  O  |       |       |       |      0.3
   1270     0.3     0.6      0.044  | I  O  |       |       |       |      0.3
   1271     0.3     0.6      0.043  | I  O  |       |       |       |      0.3
   1272     0.2     0.5      0.043  |I   O  |       |       |       |      0.3
   1273     0.2     0.5      0.042  |I   O  |       |       |       |      0.3
   1274     0.1     0.5      0.042  I    O  |       |       |       |      0.3
   1275     0.1     0.5      0.041  I   O   |       |       |       |      0.3
   1276     0.1     0.5      0.040  I   O   |       |       |       |      0.3
   1277     0.0     0.5      0.040  I   O   |       |       |       |      0.3
   1278     0.1     0.5      0.039  I   O   |       |       |       |      0.3
   1279     0.0     0.5      0.039  I   O   |       |       |       |      0.3
   1280     0.0     0.5      0.038  I   O   |       |       |       |      0.3
   1281     0.0     0.5      0.037  I   O   |       |       |       |      0.3
   1282     0.0     0.5      0.037  I   O   |       |       |       |      0.3
   1283     0.0     0.5      0.036  I   O   |       |       |       |      0.3
   1284     0.0     0.5      0.035  I   O   |       |       |       |      0.3
   1285     0.0     0.4      0.035  I   O   |       |       |       |      0.2
   1286     0.0     0.4      0.034  I   O   |       |       |       |      0.2
   1287     0.0     0.4      0.033  I   O   |       |       |       |      0.2
   1288     0.0     0.4      0.033  I  O    |       |       |       |      0.2
   1289     0.0     0.4      0.032  I  O    |       |       |       |      0.2
   1290     0.0     0.4      0.032  I  O    |       |       |       |      0.2
   1291     0.0     0.4      0.031  I  O    |       |       |       |      0.2
   1292     0.0     0.4      0.031  I  O    |       |       |       |      0.2
   1293     0.0     0.4      0.030  I  O    |       |       |       |      0.2
   1294     0.0     0.4      0.030  I  O    |       |       |       |      0.2
   1295     0.0     0.4      0.029  I  O    |       |       |       |      0.2
   1296     0.0     0.4      0.028  I  O    |       |       |       |      0.2
   1297     0.0     0.4      0.028  I  O    |       |       |       |      0.2
   1298     0.0     0.4      0.028  I  O    |       |       |       |      0.2
   1299     0.0     0.3      0.027  I  O    |       |       |       |      0.2
   1300     0.0     0.3      0.027  I  O    |       |       |       |      0.2
   1310     0.0     0.3      0.022  I O     |       |       |       |      0.2
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   1320     0.0     0.2      0.019  I O     |       |       |       |      0.1
   1330     0.0     0.2      0.016  IO      |       |       |       |      0.1
   1340     0.0     0.2      0.013  IO      |       |       |       |      0.1
   1350     0.0     0.1      0.011  IO      |       |       |       |      0.1
   1360     0.0     0.1      0.009  IO      |       |       |       |      0.1
   1370     0.0     0.1      0.008  O       |       |       |       |      0.1
   1380     0.0     0.1      0.006  O       |       |       |       |      0.0
   1390     0.0     0.1      0.005  O       |       |       |       |      0.0
   1400     0.0     0.1      0.005  O       |       |       |       |      0.0
   1420     0.0     0.0      0.003  O       |       |       |       |      0.0
   1440     0.0     0.0      0.002  O       |       |       |       |      0.0
   1460     0.0     0.0      0.002  O       |       |       |       |      0.0
   1500     0.0     0.0      0.001  O       |       |       |       |      0.0

Remaining water in basin =    0.00 (Ac.Ft)
Peak flow out of basin =     1.03(CFS)
Peak flow time = 1178 Min., time interval # = 64
Maximum depth in basin =    0.57(Ft.)

Hydrograph Detention Basin Routing
Hydrograph at 5 439 A Storm Day: 3 Drainage Area =   19.10
Total flood hydrograph volume this storm day =    0.17 Ac. Ft.
---------------------------------------------------------------------

Graph values: 'I'= unit inflow; 'O'=outflow at time shown
---------------------------------------------------------------------

  Time   Inflow  Outflow    Storage                                     Depth 
  (Min)  (CFS)   (CFS)     (Ac.Ft) .0       0.8     1.7     2.5     3.4 (Ft.)
      0     0.0     0.0      0.001  O       |       |       |       |      0.0
    100     0.0     0.0      0.000  O       |       |       |       |      0.0
    200     0.0     0.0      0.000  O       |       |       |       |      0.0
    300     0.0     0.0      0.000  O       |       |       |       |      0.0
    400     0.0     0.0      0.000  O       |       |       |       |      0.0
    500     0.0     0.0      0.000  O       |       |       |       |      0.0
    600     0.0     0.0      0.000  O       |       |       |       |      0.0
    700     0.0     0.0      0.000  O       |       |       |       |      0.0
    800     0.0     0.0      0.000  O       |       |       |       |      0.0
    900     0.0     0.0      0.000  O       |       |       |       |      0.0
   1000     0.0     0.0      0.000  O       |       |       |       |      0.0
   1050     0.0     0.0      0.000  O       |       |       |       |      0.0
   1100     0.2     0.1      0.005  OI      |       |       |       |      0.0
   1110     0.2     0.1      0.007  OI      |       |       |       |      0.0
   1120     0.3     0.1      0.009  |OI     |       |       |       |      0.1
   1130     0.3     0.1      0.011  |OI     |       |       |       |      0.1
   1131     0.3     0.1      0.012  |OI     |       |       |       |      0.1
   1132     0.3     0.2      0.012  |OI     |       |       |       |      0.1
   1133     0.3     0.2      0.012  |OI     |       |       |       |      0.1
   1134     0.3     0.2      0.012  |OI     |       |       |       |      0.1
   1135     0.3     0.2      0.012  |OI     |       |       |       |      0.1
   1136     0.3     0.2      0.013  |OI     |       |       |       |      0.1
   1137     0.3     0.2      0.013  |OI     |       |       |       |      0.1
   1138     0.3     0.2      0.013  |OI     |       |       |       |      0.1
   1139     0.3     0.2      0.013  |OI     |       |       |       |      0.1
   1140     0.4     0.2      0.013  |O I    |       |       |       |      0.1
   1141     0.4     0.2      0.014  |O I    |       |       |       |      0.1
   1142     0.5     0.2      0.014  |O  I   |       |       |       |      0.1
   1143     0.6     0.2      0.015  |O   I  |       |       |       |      0.1
   1144     0.6     0.2      0.015  |O   I  |       |       |       |      0.1
   1145     0.7     0.2      0.016  |O    I |       |       |       |      0.1
   1146     0.7     0.2      0.017  | O   I |       |       |       |      0.1
   1147     0.8     0.2      0.018  | O    I|       |       |       |      0.1
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   1148     0.9     0.2      0.018  | O     I       |       |       |      0.1
   1149     1.0     0.3      0.019  | O     |I      |       |       |      0.1
   1150     1.2     0.3      0.021  | O     |  I    |       |       |      0.1
   1151     1.4     0.3      0.022  | O     |    I  |       |       |      0.2
   1152     1.7     0.3      0.024  | O     |       I       |       |      0.2
   1153     1.9     0.3      0.026  |  O    |       |I      |       |      0.2
   1154     2.1     0.4      0.029  |  O    |       |  I    |       |      0.2
   1155     2.3     0.4      0.031  |  O    |       |    I  |       |      0.2
   1156     2.5     0.4      0.034  |   O   |       |      I|       |      0.2
   1157     2.7     0.5      0.037  |   O   |       |       |I      |      0.3
   1158     2.8     0.5      0.041  |   O   |       |       | I     |      0.3
   1159     2.9     0.6      0.044  |    O  |       |       |  I    |      0.3
   1160     2.9     0.6      0.047  |    O  |       |       |  I    |      0.3
   1161     2.8     0.6      0.050  |     O |       |       | I     |      0.4
   1162     2.7     0.7      0.053  |     O |       |       |I      |      0.4
   1163     2.6     0.7      0.055  |     O |       |       I       |      0.4
   1164     2.4     0.7      0.058  |     O |       |     I |       |      0.4
   1165     2.2     0.8      0.060  |      O|       |   I   |       |      0.4
   1166     2.0     0.8      0.061  |      O|       | I     |       |      0.4
   1167     1.8     0.8      0.063  |      O|       I       |       |      0.4
   1168     1.6     0.8      0.064  |      O|      I|       |       |      0.5
   1169     1.5     0.8      0.065  |      O|     I |       |       |      0.5
   1170     1.4     0.8      0.066  |      O|    I  |       |       |      0.5
   1171     1.3     0.9      0.066  |       O   I   |       |       |      0.5
   1172     1.3     0.9      0.067  |       O   I   |       |       |      0.5
   1173     1.2     0.9      0.067  |       O  I    |       |       |      0.5
   1174     1.1     0.9      0.068  |       O I     |       |       |      0.5
   1175     1.1     0.9      0.068  |       O I     |       |       |      0.5
   1176     1.0     0.9      0.068  |       OI      |       |       |      0.5
   1177     1.0     0.9      0.068  |       OI      |       |       |      0.5
   1178     1.0     0.9      0.068  |       OI      |       |       |      0.5
   1179     1.0     0.9      0.069  |       OI      |       |       |      0.5
   1180     0.9     0.9      0.069  |       O       |       |       |      0.5
   1181     0.8     0.9      0.068  |      IO       |       |       |      0.5
   1182     0.8     0.9      0.068  |      IO       |       |       |      0.5
   1183     0.8     0.9      0.068  |      IO       |       |       |      0.5
   1184     0.8     0.9      0.068  |      IO       |       |       |      0.5
   1185     0.8     0.9      0.068  |      IO       |       |       |      0.5
   1186     0.7     0.9      0.068  |     I O       |       |       |      0.5
   1187     0.7     0.9      0.068  |     I O       |       |       |      0.5
   1188     0.7     0.9      0.067  |     I O       |       |       |      0.5
   1189     0.7     0.9      0.067  |     I O       |       |       |      0.5
   1190     0.6     0.9      0.067  |    I  O       |       |       |      0.5
   1191     0.6     0.9      0.066  |    I  O       |       |       |      0.5
   1192     0.6     0.8      0.066  |    I O|       |       |       |      0.5
   1193     0.6     0.8      0.066  |    I O|       |       |       |      0.5
   1194     0.6     0.8      0.065  |    I O|       |       |       |      0.5
   1195     0.6     0.8      0.065  |    I O|       |       |       |      0.5
   1196     0.6     0.8      0.065  |    I O|       |       |       |      0.5
   1197     0.6     0.8      0.064  |    I O|       |       |       |      0.5
   1198     0.6     0.8      0.064  |    I O|       |       |       |      0.5
   1199     0.6     0.8      0.064  |    I O|       |       |       |      0.5
   1200     0.6     0.8      0.064  |    I O|       |       |       |      0.5
   1201     0.6     0.8      0.063  |    I O|       |       |       |      0.5
   1202     0.5     0.8      0.063  |   I  O|       |       |       |      0.4
   1203     0.5     0.8      0.062  |   I  O|       |       |       |      0.4
   1204     0.5     0.8      0.062  |   I  O|       |       |       |      0.4
   1205     0.5     0.8      0.062  |   I  O|       |       |       |      0.4
   1206     0.5     0.8      0.061  |   I  O|       |       |       |      0.4
   1207     0.5     0.8      0.061  |   I  O|       |       |       |      0.4
   1208     0.5     0.8      0.060  |   I  O|       |       |       |      0.4
   1209     0.5     0.8      0.060  |   I  O|       |       |       |      0.4
   1210     0.5     0.8      0.060  |   I  O|       |       |       |      0.4
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   1211     0.5     0.8      0.059  |   I  O|       |       |       |      0.4
   1212     0.5     0.8      0.059  |   I  O|       |       |       |      0.4
   1213     0.5     0.8      0.059  |   I  O|       |       |       |      0.4
   1214     0.5     0.7      0.058  |   I  O|       |       |       |      0.4
   1215     0.5     0.7      0.058  |   I  O|       |       |       |      0.4
   1216     0.5     0.7      0.058  |   I O |       |       |       |      0.4
   1217     0.5     0.7      0.057  |   I O |       |       |       |      0.4
   1218     0.4     0.7      0.057  |  I  O |       |       |       |      0.4
   1219     0.4     0.7      0.056  |  I  O |       |       |       |      0.4
   1220     0.4     0.7      0.056  |  I  O |       |       |       |      0.4
   1221     0.4     0.7      0.055  |  I  O |       |       |       |      0.4
   1222     0.4     0.7      0.055  |  I  O |       |       |       |      0.4
   1223     0.4     0.7      0.055  |  I  O |       |       |       |      0.4
   1224     0.4     0.7      0.054  |  I  O |       |       |       |      0.4
   1225     0.4     0.7      0.054  |  I  O |       |       |       |      0.4
   1226     0.4     0.7      0.053  |  I  O |       |       |       |      0.4
   1227     0.4     0.7      0.053  |  I  O |       |       |       |      0.4
   1228     0.4     0.7      0.053  |  I  O |       |       |       |      0.4
   1229     0.4     0.7      0.052  |  I  O |       |       |       |      0.4
   1230     0.4     0.7      0.052  |  I  O |       |       |       |      0.4
   1231     0.4     0.7      0.051  |  I  O |       |       |       |      0.4
   1232     0.4     0.7      0.051  |  I  O |       |       |       |      0.4
   1233     0.4     0.7      0.051  |  I  O |       |       |       |      0.4
   1234     0.4     0.6      0.050  |  I  O |       |       |       |      0.4
   1235     0.4     0.6      0.050  |  I  O |       |       |       |      0.4
   1236     0.4     0.6      0.050  |  I  O |       |       |       |      0.4
   1237     0.4     0.6      0.049  |  I O  |       |       |       |      0.4
   1238     0.4     0.6      0.049  |  I O  |       |       |       |      0.4
   1239     0.4     0.6      0.049  |  I O  |       |       |       |      0.3
   1240     0.4     0.6      0.048  |  I O  |       |       |       |      0.3
   1241     0.3     0.6      0.048  | I  O  |       |       |       |      0.3
   1242     0.3     0.6      0.048  | I  O  |       |       |       |      0.3
   1243     0.3     0.6      0.047  | I  O  |       |       |       |      0.3
   1244     0.3     0.6      0.047  | I  O  |       |       |       |      0.3
   1245     0.3     0.6      0.046  | I  O  |       |       |       |      0.3
   1246     0.3     0.6      0.046  | I  O  |       |       |       |      0.3
   1247     0.3     0.6      0.046  | I  O  |       |       |       |      0.3
   1248     0.3     0.6      0.045  | I  O  |       |       |       |      0.3
   1249     0.3     0.6      0.045  | I  O  |       |       |       |      0.3
   1250     0.3     0.6      0.044  | I  O  |       |       |       |      0.3
   1251     0.3     0.6      0.044  | I  O  |       |       |       |      0.3
   1252     0.3     0.6      0.044  | I  O  |       |       |       |      0.3
   1253     0.3     0.6      0.043  | I  O  |       |       |       |      0.3
   1254     0.3     0.6      0.043  | I  O  |       |       |       |      0.3
   1255     0.3     0.5      0.043  | I  O  |       |       |       |      0.3
   1256     0.3     0.5      0.042  | I  O  |       |       |       |      0.3
   1257     0.3     0.5      0.042  | I  O  |       |       |       |      0.3
   1258     0.3     0.5      0.042  | I  O  |       |       |       |      0.3
   1259     0.3     0.5      0.041  | I O   |       |       |       |      0.3
   1260     0.3     0.5      0.041  | I O   |       |       |       |      0.3
   1261     0.2     0.5      0.041  |I  O   |       |       |       |      0.3
   1262     0.1     0.5      0.040  I   O   |       |       |       |      0.3
   1263     0.2     0.5      0.040  |I  O   |       |       |       |      0.3
   1264     0.1     0.5      0.039  I   O   |       |       |       |      0.3
   1265     0.2     0.5      0.039  |I  O   |       |       |       |      0.3
   1266     0.1     0.5      0.038  I   O   |       |       |       |      0.3
   1267     0.2     0.5      0.038  |I  O   |       |       |       |      0.3
   1268     0.1     0.5      0.037  I   O   |       |       |       |      0.3
   1269     0.1     0.5      0.037  I   O   |       |       |       |      0.3
   1270     0.1     0.5      0.036  I   O   |       |       |       |      0.3
   1271     0.1     0.5      0.036  I   O   |       |       |       |      0.3
   1272     0.1     0.5      0.035  I   O   |       |       |       |      0.3
   1273     0.1     0.4      0.035  I   O   |       |       |       |      0.2
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   1274     0.1     0.4      0.034  I   O   |       |       |       |      0.2
   1275     0.1     0.4      0.034  I   O   |       |       |       |      0.2
   1276     0.1     0.4      0.033  I   O   |       |       |       |      0.2
   1277     0.1     0.4      0.033  I  O    |       |       |       |      0.2
   1278     0.1     0.4      0.032  I  O    |       |       |       |      0.2
   1279     0.1     0.4      0.032  I  O    |       |       |       |      0.2
   1280     0.1     0.4      0.031  I  O    |       |       |       |      0.2
   1281     0.1     0.4      0.031  I  O    |       |       |       |      0.2
   1282     0.1     0.4      0.031  I  O    |       |       |       |      0.2
   1283     0.1     0.4      0.030  I  O    |       |       |       |      0.2
   1284     0.0     0.4      0.030  I  O    |       |       |       |      0.2
   1285     0.0     0.4      0.029  I  O    |       |       |       |      0.2
   1286     0.0     0.4      0.029  I  O    |       |       |       |      0.2
   1287     0.0     0.4      0.028  I  O    |       |       |       |      0.2
   1288     0.0     0.4      0.028  I  O    |       |       |       |      0.2
   1289     0.0     0.3      0.027  I  O    |       |       |       |      0.2
   1290     0.0     0.3      0.027  I  O    |       |       |       |      0.2
   1291     0.0     0.3      0.026  I  O    |       |       |       |      0.2
   1292     0.0     0.3      0.026  I  O    |       |       |       |      0.2
   1293     0.0     0.3      0.025  I  O    |       |       |       |      0.2
   1294     0.0     0.3      0.025  I  O    |       |       |       |      0.2
   1295     0.0     0.3      0.024  I O     |       |       |       |      0.2
   1296     0.0     0.3      0.024  I O     |       |       |       |      0.2
   1297     0.0     0.3      0.024  I O     |       |       |       |      0.2
   1298     0.0     0.3      0.023  I O     |       |       |       |      0.2
   1299     0.0     0.3      0.023  I O     |       |       |       |      0.2
   1300     0.0     0.3      0.022  I O     |       |       |       |      0.2
   1310     0.0     0.2      0.019  I O     |       |       |       |      0.1
   1320     0.0     0.2      0.016  IO      |       |       |       |      0.1
   1330     0.0     0.2      0.013  IO      |       |       |       |      0.1
   1340     0.0     0.1      0.011  IO      |       |       |       |      0.1
   1350     0.0     0.1      0.009  IO      |       |       |       |      0.1
   1360     0.0     0.1      0.008  O       |       |       |       |      0.1
   1370     0.0     0.1      0.006  O       |       |       |       |      0.0
   1380     0.0     0.1      0.005  O       |       |       |       |      0.0
   1390     0.0     0.1      0.005  O       |       |       |       |      0.0
   1400     0.0     0.0      0.004  O       |       |       |       |      0.0
   1420     0.0     0.0      0.003  O       |       |       |       |      0.0
   1440     0.0     0.0      0.002  O       |       |       |       |      0.0
   1460     0.0     0.0      0.001  O       |       |       |       |      0.0
   1500     0.1     0.0      0.003  O       |       |       |       |      0.0

Remaining water in basin =    0.00 (Ac.Ft)
Peak flow out of basin =     0.88(CFS)
Peak flow time = 1180 Min., time interval # = 66
Maximum depth in basin =    0.49(Ft.)

Hydrograph Detention Basin Routing
Hydrograph at 5 439 A Storm Day: 4 Drainage Area =   19.10
Total flood hydrograph volume this storm day =    0.86 Ac. Ft.
---------------------------------------------------------------------

Graph values: 'I'= unit inflow; 'O'=outflow at time shown
---------------------------------------------------------------------

  Time   Inflow  Outflow    Storage                                     Depth 
  (Min)  (CFS)   (CFS)     (Ac.Ft) .0       2.2     4.5     6.7     8.9 (Ft.)
      0     0.0     0.0      0.003  O       |       |       |       |      0.0
    100     0.0     0.0      0.000  O       |       |       |       |      0.0
    200     0.0     0.0      0.000  O       |       |       |       |      0.0
    300     0.0     0.0      0.000  O       |       |       |       |      0.0
    400     0.0     0.0      0.000  O       |       |       |       |      0.0
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    500     0.2     0.1      0.008  O       |       |       |       |      0.1
    600     0.2     0.2      0.014  O       |       |       |       |      0.1
    700     0.2     0.2      0.015  O       |       |       |       |      0.1
    800     0.2     0.2      0.016  O       |       |       |       |      0.1
    900     0.3     0.3      0.020  OI      |       |       |       |      0.1
   1000     0.3     0.3      0.023  |O      |       |       |       |      0.2
   1050     0.7     0.4      0.034  |OI     |       |       |       |      0.2
   1100     1.5     0.9      0.067  |  O I  |       |       |       |      0.5
   1110     1.9     1.0      0.078  |  O  I |       |       |       |      0.6
   1120     2.3     1.2      0.092  |   O   I       |       |       |      0.7
   1130     2.7     1.4      0.109  |    O  |I      |       |       |      0.8
   1131     2.7     1.4      0.111  |    O  |I      |       |       |      0.8
   1132     2.8     1.5      0.113  |    O  | I     |       |       |      0.8
   1133     2.8     1.5      0.115  |    O  | I     |       |       |      0.8
   1134     2.9     1.5      0.117  |    O  | I     |       |       |      0.8
   1135     2.9     1.5      0.119  |    O  | I     |       |       |      0.8
   1136     3.0     1.5      0.121  |    O  | I     |       |       |      0.9
   1137     3.0     1.6      0.123  |    O  | I     |       |       |      0.9
   1138     3.1     1.6      0.125  |    O  |  I    |       |       |      0.9
   1139     3.2     1.6      0.127  |    O  |  I    |       |       |      0.9
   1140     3.3     1.7      0.129  |    O  |  I    |       |       |      0.9
   1141     3.4     1.7      0.131  |     O |   I   |       |       |      0.9
   1142     3.5     1.7      0.134  |     O |   I   |       |       |      1.0
   1143     3.6     1.8      0.136  |     O |   I   |       |       |      1.0
   1144     3.7     1.8      0.139  |     O |    I  |       |       |      1.0
   1145     3.9     1.8      0.142  |     O |     I |       |       |      1.0
   1146     4.0     1.8      0.145  |     O |     I |       |       |      1.0
   1147     4.2     1.8      0.148  |     O |      I|       |       |      1.0
   1148     4.4     1.8      0.152  |     O |      I|       |       |      1.1
   1149     4.7     1.8      0.156  |     O |       I       |       |      1.1
   1150     5.1     1.8      0.160  |     O |       | I     |       |      1.1
   1151     5.7     1.8      0.166  |     O |       |   I   |       |      1.1
   1152     6.3     1.8      0.172  |     O |       |     I |       |      1.2
   1153     7.0     1.8      0.179  |     O |       |       |I      |      1.2
   1154     7.6     1.8      0.187  |     O |       |       |  I    |      1.3
   1155     8.2     1.8      0.196  |     O |       |       |    I  |      1.3
   1156     8.6     1.8      0.205  |     O |       |       |     I |      1.4
   1157     8.8     1.8      0.215  |     O |       |       |      I|      1.4
   1158     8.9     1.9      0.224  |     O |       |       |       I      1.5
   1159     8.7     1.9      0.234  |     O |       |       |      I|      1.5
   1160     8.4     1.9      0.243  |     O |       |       |     I |      1.6
   1161     8.0     1.9      0.251  |     O |       |       |   I   |      1.6
   1162     7.5     1.9      0.259  |     O |       |       | I     |      1.7
   1163     6.8     1.9      0.266  |     O |       |       I       |      1.7
   1164     6.1     1.9      0.272  |     O |       |    I  |       |      1.8
   1165     5.5     1.9      0.277  |     O |       |  I    |       |      1.8
   1166     4.9     1.9      0.281  |     O |       |I      |       |      1.8
   1167     4.4     1.9      0.284  |     O |      I|       |       |      1.8
   1168     4.0     1.9      0.287  |     O |     I |       |       |      1.8
   1169     3.6     1.9      0.289  |     O |   I   |       |       |      1.9
   1170     3.3     1.9      0.291  |     O |  I    |       |       |      1.9
   1171     3.1     1.9      0.293  |     O |  I    |       |       |      1.9
   1172     2.9     1.9      0.294  |     O | I     |       |       |      1.9
   1173     2.7     1.9      0.296  |     O |I      |       |       |      1.9
   1174     2.6     1.9      0.297  |     O |I      |       |       |      1.9
   1175     2.4     1.9      0.297  |     O I       |       |       |      1.9
   1176     2.3     1.9      0.298  |     O I       |       |       |      1.9
   1177     2.2     1.9      0.298  |     OI|       |       |       |      1.9
   1178     2.1     1.9      0.298  |     OI|       |       |       |      1.9
   1179     2.0     1.9      0.299  |     OI|       |       |       |      1.9
   1180     2.0     1.9      0.299  |     OI|       |       |       |      1.9
   1181     1.9     1.9      0.299  |     O |       |       |       |      1.9
   1182     1.9     1.9      0.299  |     O |       |       |       |      1.9
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   1183     1.9     1.9      0.299  |     O |       |       |       |      1.9
   1184     1.8     1.9      0.299  |     O |       |       |       |      1.9
   1185     1.8     1.9      0.298  |     O |       |       |       |      1.9
   1186     1.8     1.9      0.298  |     O |       |       |       |      1.9
   1187     1.7     1.9      0.298  |     O |       |       |       |      1.9
   1188     1.7     1.9      0.298  |     O |       |       |       |      1.9
   1189     1.6     1.9      0.297  |    IO |       |       |       |      1.9
   1190     1.5     1.9      0.297  |    IO |       |       |       |      1.9
   1191     1.5     1.9      0.296  |    IO |       |       |       |      1.9
   1192     1.5     1.9      0.296  |    IO |       |       |       |      1.9
   1193     1.5     1.9      0.295  |    IO |       |       |       |      1.9
   1194     1.4     1.9      0.295  |    IO |       |       |       |      1.9
   1195     1.4     1.9      0.294  |    IO |       |       |       |      1.9
   1196     1.4     1.9      0.293  |    IO |       |       |       |      1.9
   1197     1.4     1.9      0.292  |    IO |       |       |       |      1.9
   1198     1.3     1.9      0.292  |   I O |       |       |       |      1.9
   1199     1.3     1.9      0.291  |   I O |       |       |       |      1.9
   1200     1.3     1.9      0.290  |   I O |       |       |       |      1.9
   1201     1.2     1.9      0.289  |   I O |       |       |       |      1.9
   1202     1.2     1.9      0.288  |   I O |       |       |       |      1.9
   1203     1.2     1.9      0.287  |   I O |       |       |       |      1.8
   1204     1.2     1.9      0.286  |   I O |       |       |       |      1.8
   1205     1.2     1.9      0.285  |   I O |       |       |       |      1.8
   1206     1.1     1.9      0.284  |  I  O |       |       |       |      1.8
   1207     1.1     1.9      0.283  |  I  O |       |       |       |      1.8
   1208     1.1     1.9      0.282  |  I  O |       |       |       |      1.8
   1209     1.1     1.9      0.281  |  I  O |       |       |       |      1.8
   1210     1.1     1.9      0.280  |  I  O |       |       |       |      1.8
   1211     1.1     1.9      0.279  |  I  O |       |       |       |      1.8
   1212     1.1     1.9      0.278  |  I  O |       |       |       |      1.8
   1213     1.1     1.9      0.277  |  I  O |       |       |       |      1.8
   1214     1.1     1.9      0.275  |  I  O |       |       |       |      1.8
   1215     1.1     1.9      0.274  |  I  O |       |       |       |      1.8
   1216     1.1     1.9      0.273  |  I  O |       |       |       |      1.8
   1217     1.0     1.9      0.272  |  I  O |       |       |       |      1.8
   1218     1.0     1.9      0.271  |  I  O |       |       |       |      1.8
   1219     1.0     1.9      0.270  |  I  O |       |       |       |      1.7
   1220     1.0     1.9      0.268  |  I  O |       |       |       |      1.7
   1221     1.0     1.9      0.267  |  I  O |       |       |       |      1.7
   1222     1.0     1.9      0.266  |  I  O |       |       |       |      1.7
   1223     0.9     1.9      0.265  |  I  O |       |       |       |      1.7
   1224     0.9     1.9      0.263  |  I  O |       |       |       |      1.7
   1225     0.9     1.9      0.262  |  I  O |       |       |       |      1.7
   1226     0.9     1.9      0.261  |  I  O |       |       |       |      1.7
   1227     0.9     1.9      0.259  |  I  O |       |       |       |      1.7
   1228     0.9     1.9      0.258  |  I  O |       |       |       |      1.7
   1229     0.9     1.9      0.257  |  I  O |       |       |       |      1.7
   1230     0.9     1.9      0.255  |  I  O |       |       |       |      1.7
   1231     0.9     1.9      0.254  |  I  O |       |       |       |      1.7
   1232     0.9     1.9      0.253  |  I  O |       |       |       |      1.6
   1233     0.9     1.9      0.251  |  I  O |       |       |       |      1.6
   1234     0.9     1.9      0.250  |  I  O |       |       |       |      1.6
   1235     0.8     1.9      0.248  | I   O |       |       |       |      1.6
   1236     0.8     1.9      0.247  | I   O |       |       |       |      1.6
   1237     0.8     1.9      0.246  | I   O |       |       |       |      1.6
   1238     0.8     1.9      0.244  | I   O |       |       |       |      1.6
   1239     0.8     1.9      0.243  | I   O |       |       |       |      1.6
   1240     0.8     1.9      0.241  | I   O |       |       |       |      1.6
   1241     0.8     1.9      0.240  | I   O |       |       |       |      1.6
   1242     0.8     1.9      0.238  | I   O |       |       |       |      1.6
   1243     0.8     1.9      0.237  | I   O |       |       |       |      1.6
   1244     0.8     1.9      0.235  | I   O |       |       |       |      1.5
   1245     0.8     1.9      0.234  | I   O |       |       |       |      1.5
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   1246     0.7     1.9      0.232  | I   O |       |       |       |      1.5
   1247     0.7     1.9      0.231  | I   O |       |       |       |      1.5
   1248     0.7     1.9      0.229  | I   O |       |       |       |      1.5
   1249     0.7     1.9      0.227  | I   O |       |       |       |      1.5
   1250     0.7     1.9      0.226  | I   O |       |       |       |      1.5
   1251     0.7     1.9      0.224  | I   O |       |       |       |      1.5
   1252     0.6     1.9      0.223  | I   O |       |       |       |      1.5
   1253     0.6     1.9      0.221  | I   O |       |       |       |      1.5
   1254     0.6     1.8      0.219  | I   O |       |       |       |      1.5
   1255     0.6     1.8      0.217  | I   O |       |       |       |      1.4
   1256     0.6     1.8      0.216  | I   O |       |       |       |      1.4
   1257     0.6     1.8      0.214  | I   O |       |       |       |      1.4
   1258     0.6     1.8      0.212  | I   O |       |       |       |      1.4
   1259     0.6     1.8      0.211  | I   O |       |       |       |      1.4
   1260     0.5     1.8      0.209  |I    O |       |       |       |      1.4
   1261     0.5     1.8      0.207  |I    O |       |       |       |      1.4
   1262     0.5     1.8      0.205  |I    O |       |       |       |      1.4
   1263     0.5     1.8      0.203  |I    O |       |       |       |      1.4
   1264     0.5     1.8      0.201  |I    O |       |       |       |      1.4
   1265     0.5     1.8      0.199  |I    O |       |       |       |      1.3
   1266     0.5     1.8      0.198  |I    O |       |       |       |      1.3
   1267     0.5     1.8      0.196  |I    O |       |       |       |      1.3
   1268     0.5     1.8      0.194  |I    O |       |       |       |      1.3
   1269     0.5     1.8      0.192  |I    O |       |       |       |      1.3
   1270     0.5     1.8      0.190  |I    O |       |       |       |      1.3
   1271     0.5     1.8      0.188  |I    O |       |       |       |      1.3
   1272     0.5     1.8      0.187  |I    O |       |       |       |      1.3
   1273     0.5     1.8      0.185  |I    O |       |       |       |      1.3
   1274     0.5     1.8      0.183  |I    O |       |       |       |      1.2
   1275     0.4     1.8      0.181  |I    O |       |       |       |      1.2
   1276     0.4     1.8      0.179  |I    O |       |       |       |      1.2
   1277     0.4     1.8      0.177  |I    O |       |       |       |      1.2
   1278     0.4     1.8      0.175  |I    O |       |       |       |      1.2
   1279     0.4     1.8      0.173  |I    O |       |       |       |      1.2
   1280     0.4     1.8      0.171  |I    O |       |       |       |      1.2
   1281     0.4     1.8      0.169  |I    O |       |       |       |      1.2
   1282     0.4     1.8      0.167  |I    O |       |       |       |      1.2
   1283     0.4     1.8      0.165  |I    O |       |       |       |      1.1
   1284     0.3     1.8      0.163  |I    O |       |       |       |      1.1
   1285     0.2     1.8      0.161  I     O |       |       |       |      1.1
   1286     0.3     1.8      0.159  |I    O |       |       |       |      1.1
   1287     0.2     1.8      0.157  I     O |       |       |       |      1.1
   1288     0.2     1.8      0.154  I     O |       |       |       |      1.1
   1289     0.2     1.8      0.152  I     O |       |       |       |      1.1
   1290     0.2     1.8      0.150  I     O |       |       |       |      1.1
   1291     0.2     1.8      0.148  I     O |       |       |       |      1.0
   1292     0.2     1.8      0.146  I     O |       |       |       |      1.0
   1293     0.2     1.8      0.143  I     O |       |       |       |      1.0
   1294     0.2     1.8      0.141  I     O |       |       |       |      1.0
   1295     0.2     1.8      0.139  I     O |       |       |       |      1.0
   1296     0.2     1.8      0.137  I     O |       |       |       |      1.0
   1297     0.2     1.7      0.135  I     O |       |       |       |      1.0
   1298     0.2     1.7      0.133  I     O |       |       |       |      0.9
   1299     0.2     1.7      0.131  I     O |       |       |       |      0.9
   1300     0.2     1.7      0.129  I    O  |       |       |       |      0.9
   1310     0.2     1.4      0.110  I    O  |       |       |       |      0.8
   1320     0.2     1.2      0.095  I   O   |       |       |       |      0.7
   1330     0.2     1.1      0.082  I  O    |       |       |       |      0.6
   1340     0.2     0.9      0.071  I  O    |       |       |       |      0.5
   1350     0.2     0.8      0.062  I O     |       |       |       |      0.4
   1360     0.2     0.7      0.055  I O     |       |       |       |      0.4
   1370     0.2     0.6      0.048  I O     |       |       |       |      0.3
   1380     0.2     0.6      0.043  IO      |       |       |       |      0.3
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   1390     0.2     0.5      0.039  IO      |       |       |       |      0.3
   1400     0.0     0.4      0.033  IO      |       |       |       |      0.2
   1420     0.2     0.3      0.026  IO      |       |       |       |      0.2
   1440     0.2     0.3      0.023  IO      |       |       |       |      0.2
   1460     0.1     0.2      0.019  O       |       |       |       |      0.1
   1500     0.0     0.1      0.011  O       |       |       |       |      0.1

Remaining water in basin =    0.01 (Ac.Ft)
Peak flow out of basin =     1.90(CFS)
Peak flow time = 1183 Min., time interval # = 69
Maximum depth in basin =    1.91(Ft.)
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  CIVILCADD/CIVILDESIGN  Engineering Software, (c) 1997-2004 Version 6.4  
-------------------------------------------------------------------- 
Study Date : 02/20/13 Input hydrograph file name : ms005p.HYD
Output hydrograph file name: msdet005.hin
 

User entry of depth-outflow-storage data
--------------------------------------------------------------------
Hydrograph time unit varies
Initial depth in storage basin =   0.00(Ft.)
--------------------------------------------------------------------
--------------------------------------------------------------------
Initial basin depth =   0.00 (Ft.)
Initial basin storage =      0.00 (Ac.Ft)
Initial basin outflow =   0.00 (CFS)
---------------------------------------------------------------------
--------------------------------------------------------------------
Depth vs. Storage and Depth vs. Discharge data @ 1 Min. Intervals:
 Basin Depth  Storage    Outflow   (S-O*dt/2)   (S+O*dt/2)
     (Ft.)    (Ac.Ft)    (CFS)     (Ac.Ft)    (Ac.Ft)
---------------------------------------------------------------------

          0.000      0.000      0.000      0.000        0.000
          1.000      0.140      1.800      0.139        0.141
          1.920      0.300      1.900      0.299        0.301
          2.000      0.320      2.100      0.319        0.321
          3.000      0.550      3.300      0.548        0.552
          3.500      0.680      4.000      0.677        0.683

--------------------------------------------------------------------
Hydrograph Detention Basin Routing

Hydrograph at 5 439 A Storm Day: 1 Drainage Area =   19.10
Total flood hydrograph volume this storm day =    0.05 Ac. Ft.
---------------------------------------------------------------------

Graph values: 'I'= unit inflow; 'O'=outflow at time shown
---------------------------------------------------------------------

  Time   Inflow  Outflow    Storage                                     Depth 
  (Min)  (CFS)   (CFS)     (Ac.Ft) .0       0.3     0.5     0.8     1.0 (Ft.)
      0     0.0     0.0      0.000  O       |       |       |       |      0.0
    100     0.0     0.0      0.000  O       |       |       |       |      0.0
    200     0.0     0.0      0.000  O       |       |       |       |      0.0
    300     0.0     0.0      0.000  O       |       |       |       |      0.0
    400     0.0     0.0      0.000  O       |       |       |       |      0.0
    500     0.0     0.0      0.000  O       |       |       |       |      0.0
    600     0.0     0.0      0.000  O       |       |       |       |      0.0
    700     0.0     0.0      0.000  O       |       |       |       |      0.0
    800     0.0     0.0      0.000  O       |       |       |       |      0.0
    900     0.0     0.0      0.000  O       |       |       |       |      0.0
   1000     0.0     0.0      0.000  O       |       |       |       |      0.0
   1050     0.0     0.0      0.000  O       |       |       |       |      0.0
   1100     0.0     0.0      0.000  O       |       |       |       |      0.0
   1110     0.0     0.0      0.000  O       |       |       |       |      0.0
   1120     0.0     0.0      0.000  O       |       |       |       |      0.0
   1130     0.0     0.0      0.000  O       |       |       |       |      0.0
   1131     0.0     0.0      0.000  O       |       |       |       |      0.0
   1132     0.0     0.0      0.000  O       |       |       |       |      0.0
   1133     0.0     0.0      0.000  O       |       |       |       |      0.0
   1134     0.0     0.0      0.000  O       |       |       |       |      0.0
   1135     0.0     0.0      0.000  O       |       |       |       |      0.0
   1136     0.0     0.0      0.000  O       |       |       |       |      0.0
   1137     0.0     0.0      0.000  O       |       |       |       |      0.0
   1138     0.0     0.0      0.000  O       |       |       |       |      0.0
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   1139     0.0     0.0      0.000  O       |       |       |       |      0.0
   1140     0.0     0.0      0.000  O       |       |       |       |      0.0
   1141     0.0     0.0      0.000  O       |       |       |       |      0.0
   1142     0.2     0.0      0.000  O     I |       |       |       |      0.0
   1143     0.2     0.0      0.001  O     I |       |       |       |      0.0
   1144     0.2     0.0      0.001  O     I |       |       |       |      0.0
   1145     0.2     0.0      0.001  O     I |       |       |       |      0.0
   1146     0.2     0.0      0.001  O     I |       |       |       |      0.0
   1147     0.2     0.0      0.002  O     I |       |       |       |      0.0
   1148     0.2     0.0      0.002  O     I |       |       |       |      0.0
   1149     0.2     0.0      0.002  O     I |       |       |       |      0.0
   1150     0.3     0.0      0.002  O       |I      |       |       |      0.0
   1151     0.3     0.0      0.003  |O      |I      |       |       |      0.0
   1152     0.5     0.0      0.003  |O      |       I       |       |      0.0
   1153     0.7     0.1      0.004  |O      |       |     I |       |      0.0
   1154     0.8     0.1      0.005  | O     |       |       |I      |      0.0
   1155     0.9     0.1      0.006  | O     |       |       |   I   |      0.0
   1156     0.9     0.1      0.008  |  O    |       |       |   I   |      0.1
   1157     1.0     0.1      0.009  |  O    |       |       |       I      0.1
   1158     1.0     0.1      0.010  |   O   |       |       |       I      0.1
   1159     1.0     0.1      0.011  |   O   |       |       |       I      0.1
   1160     1.0     0.2      0.012  |    O  |       |       |       I      0.1
   1161     0.9     0.2      0.013  |    O  |       |       |   I   |      0.1
   1162     0.9     0.2      0.014  |    O  |       |       |   I   |      0.1
   1163     0.9     0.2      0.015  |     O |       |       |   I   |      0.1
   1164     0.8     0.2      0.016  |     O |       |       |I      |      0.1
   1165     0.7     0.2      0.017  |     O |       |     I |       |      0.1
   1166     0.7     0.2      0.018  |      O|       |     I |       |      0.1
   1167     0.6     0.2      0.018  |      O|       |  I    |       |      0.1
   1168     0.6     0.2      0.019  |      O|       |  I    |       |      0.1
   1169     0.6     0.2      0.019  |      O|       |  I    |       |      0.1
   1170     0.5     0.2      0.019  |      O|       I       |       |      0.1
   1171     0.5     0.3      0.020  |       O       I       |       |      0.1
   1172     0.5     0.3      0.020  |       O       I       |       |      0.1
   1173     0.5     0.3      0.020  |       O       I       |       |      0.1
   1174     0.5     0.3      0.021  |       O       I       |       |      0.1
   1175     0.4     0.3      0.021  |       O   I   |       |       |      0.1
   1176     0.4     0.3      0.021  |       O   I   |       |       |      0.2
   1177     0.4     0.3      0.021  |       O   I   |       |       |      0.2
   1178     0.4     0.3      0.021  |       O   I   |       |       |      0.2
   1179     0.4     0.3      0.022  |       O   I   |       |       |      0.2
   1180     0.4     0.3      0.022  |       O   I   |       |       |      0.2
   1181     0.4     0.3      0.022  |       |O  I   |       |       |      0.2
   1182     0.4     0.3      0.022  |       |O  I   |       |       |      0.2
   1183     0.4     0.3      0.022  |       |O  I   |       |       |      0.2
   1184     0.4     0.3      0.022  |       |O  I   |       |       |      0.2
   1185     0.3     0.3      0.022  |       |O      |       |       |      0.2
   1186     0.3     0.3      0.022  |       |O      |       |       |      0.2
   1187     0.3     0.3      0.022  |       |O      |       |       |      0.2
   1188     0.3     0.3      0.022  |       |O      |       |       |      0.2
   1189     0.3     0.3      0.022  |       |O      |       |       |      0.2
   1190     0.3     0.3      0.022  |       |O      |       |       |      0.2
   1191     0.3     0.3      0.023  |       |O      |       |       |      0.2
   1192     0.3     0.3      0.023  |       |O      |       |       |      0.2
   1193     0.3     0.3      0.023  |       |O      |       |       |      0.2
   1194     0.3     0.3      0.023  |       |O      |       |       |      0.2
   1195     0.3     0.3      0.023  |       |O      |       |       |      0.2
   1196     0.3     0.3      0.023  |       |O      |       |       |      0.2
   1197     0.3     0.3      0.023  |       |O      |       |       |      0.2
   1198     0.3     0.3      0.023  |       |O      |       |       |      0.2
   1199     0.3     0.3      0.023  |       |O      |       |       |      0.2
   1200     0.3     0.3      0.023  |       |O      |       |       |      0.2
   1201     0.3     0.3      0.023  |       |O      |       |       |      0.2
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   1202     0.3     0.3      0.023  |       |O      |       |       |      0.2
   1203     0.3     0.3      0.023  |       |O      |       |       |      0.2
   1204     0.3     0.3      0.023  |       |O      |       |       |      0.2
   1205     0.3     0.3      0.023  |       |O      |       |       |      0.2
   1206     0.3     0.3      0.023  |       |O      |       |       |      0.2
   1207     0.2     0.3      0.023  |     I |O      |       |       |      0.2
   1208     0.2     0.3      0.022  |     I |O      |       |       |      0.2
   1209     0.1     0.3      0.022  |  I    |O      |       |       |      0.2
   1210     0.2     0.3      0.022  |     I |O      |       |       |      0.2
   1211     0.1     0.3      0.022  |  I    O       |       |       |      0.2
   1212     0.1     0.3      0.022  |  I    O       |       |       |      0.2
   1213     0.1     0.3      0.021  |  I    O       |       |       |      0.2
   1214     0.1     0.3      0.021  |  I    O       |       |       |      0.2
   1215     0.1     0.3      0.021  |  I    O       |       |       |      0.1
   1216     0.1     0.3      0.021  |  I    O       |       |       |      0.1
   1217     0.1     0.3      0.020  |  I    O       |       |       |      0.1
   1218     0.1     0.3      0.020  |  I    O       |       |       |      0.1
   1219     0.1     0.3      0.020  |  I    O       |       |       |      0.1
   1220     0.1     0.3      0.020  |  I    O       |       |       |      0.1
   1221     0.1     0.3      0.020  |  I    O       |       |       |      0.1
   1222     0.1     0.2      0.019  |  I   O|       |       |       |      0.1
   1223     0.1     0.2      0.019  |  I   O|       |       |       |      0.1
   1224     0.1     0.2      0.019  |  I   O|       |       |       |      0.1
   1225     0.1     0.2      0.019  |  I   O|       |       |       |      0.1
   1226     0.1     0.2      0.019  |  I   O|       |       |       |      0.1
   1227     0.1     0.2      0.018  |  I   O|       |       |       |      0.1
   1228     0.1     0.2      0.018  |  I   O|       |       |       |      0.1
   1229     0.1     0.2      0.018  |  I   O|       |       |       |      0.1
   1230     0.1     0.2      0.018  |  I   O|       |       |       |      0.1
   1231     0.1     0.2      0.018  |  I   O|       |       |       |      0.1
   1232     0.1     0.2      0.017  |  I   O|       |       |       |      0.1
   1233     0.1     0.2      0.017  |  I   O|       |       |       |      0.1
   1234     0.1     0.2      0.017  |  I   O|       |       |       |      0.1
   1235     0.1     0.2      0.017  |  I  O |       |       |       |      0.1
   1236     0.1     0.2      0.017  |  I  O |       |       |       |      0.1
   1237     0.1     0.2      0.017  |  I  O |       |       |       |      0.1
   1238     0.1     0.2      0.016  |  I  O |       |       |       |      0.1
   1239     0.1     0.2      0.016  |  I  O |       |       |       |      0.1
   1240     0.1     0.2      0.016  |  I  O |       |       |       |      0.1
   1241     0.1     0.2      0.016  |  I  O |       |       |       |      0.1
   1242     0.1     0.2      0.016  |  I  O |       |       |       |      0.1
   1243     0.1     0.2      0.016  |  I  O |       |       |       |      0.1
   1244     0.1     0.2      0.016  |  I  O |       |       |       |      0.1
   1245     0.1     0.2      0.015  |  I  O |       |       |       |      0.1
   1246     0.1     0.2      0.015  |  I  O |       |       |       |      0.1
   1247     0.1     0.2      0.015  |  I  O |       |       |       |      0.1
   1248     0.1     0.2      0.015  |  I  O |       |       |       |      0.1
   1249     0.1     0.2      0.015  |  I  O |       |       |       |      0.1
   1250     0.1     0.2      0.015  |  I  O |       |       |       |      0.1
   1251     0.1     0.2      0.015  |  I  O |       |       |       |      0.1
   1252     0.1     0.2      0.015  |  I O  |       |       |       |      0.1
   1253     0.0     0.2      0.014  I    O  |       |       |       |      0.1
   1254     0.0     0.2      0.014  I    O  |       |       |       |      0.1
   1255     0.0     0.2      0.014  I    O  |       |       |       |      0.1
   1256     0.0     0.2      0.014  I    O  |       |       |       |      0.1
   1257     0.0     0.2      0.013  I    O  |       |       |       |      0.1
   1258     0.0     0.2      0.013  I    O  |       |       |       |      0.1
   1259     0.0     0.2      0.013  I    O  |       |       |       |      0.1
   1260     0.0     0.2      0.013  I    O  |       |       |       |      0.1
   1261     0.0     0.2      0.012  I    O  |       |       |       |      0.1
   1262     0.0     0.2      0.012  I    O  |       |       |       |      0.1
   1263     0.0     0.2      0.012  I   O   |       |       |       |      0.1
   1264     0.0     0.2      0.012  I   O   |       |       |       |      0.1
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   1265     0.0     0.1      0.012  I   O   |       |       |       |      0.1
   1266     0.0     0.1      0.011  I   O   |       |       |       |      0.1
   1267     0.0     0.1      0.011  I   O   |       |       |       |      0.1
   1268     0.0     0.1      0.011  I   O   |       |       |       |      0.1
   1269     0.0     0.1      0.011  I   O   |       |       |       |      0.1
   1270     0.0     0.1      0.011  I   O   |       |       |       |      0.1
   1271     0.0     0.1      0.010  I   O   |       |       |       |      0.1
   1272     0.0     0.1      0.010  I   O   |       |       |       |      0.1
   1273     0.0     0.1      0.010  I   O   |       |       |       |      0.1
   1274     0.0     0.1      0.010  I   O   |       |       |       |      0.1
   1275     0.0     0.1      0.010  I  O    |       |       |       |      0.1
   1276     0.0     0.1      0.010  I  O    |       |       |       |      0.1
   1277     0.0     0.1      0.009  I  O    |       |       |       |      0.1
   1278     0.0     0.1      0.009  I  O    |       |       |       |      0.1
   1279     0.0     0.1      0.009  I  O    |       |       |       |      0.1
   1280     0.0     0.1      0.009  I  O    |       |       |       |      0.1
   1281     0.0     0.1      0.009  I  O    |       |       |       |      0.1
   1282     0.0     0.1      0.009  I  O    |       |       |       |      0.1
   1283     0.0     0.1      0.008  I  O    |       |       |       |      0.1
   1284     0.0     0.1      0.008  I  O    |       |       |       |      0.1
   1285     0.0     0.1      0.008  I  O    |       |       |       |      0.1
   1286     0.0     0.1      0.008  I  O    |       |       |       |      0.1
   1287     0.0     0.1      0.008  I  O    |       |       |       |      0.1
   1288     0.0     0.1      0.008  I  O    |       |       |       |      0.1
   1289     0.0     0.1      0.008  I  O    |       |       |       |      0.1
   1290     0.0     0.1      0.007  I  O    |       |       |       |      0.1
   1291     0.0     0.1      0.007  I  O    |       |       |       |      0.1
   1292     0.0     0.1      0.007  I O     |       |       |       |      0.1
   1293     0.0     0.1      0.007  I O     |       |       |       |      0.1
   1294     0.0     0.1      0.007  I O     |       |       |       |      0.0
   1295     0.0     0.1      0.007  I O     |       |       |       |      0.0
   1296     0.0     0.1      0.007  I O     |       |       |       |      0.0
   1297     0.0     0.1      0.007  I O     |       |       |       |      0.0
   1298     0.0     0.1      0.006  I O     |       |       |       |      0.0
   1299     0.0     0.1      0.006  I O     |       |       |       |      0.0
   1300     0.0     0.1      0.006  I O     |       |       |       |      0.0
   1310     0.0     0.1      0.005  I O     |       |       |       |      0.0
   1320     0.0     0.1      0.004  IO      |       |       |       |      0.0
   1330     0.0     0.0      0.004  IO      |       |       |       |      0.0
   1340     0.0     0.0      0.003  IO      |       |       |       |      0.0
   1350     0.0     0.0      0.003  IO      |       |       |       |      0.0
   1360     0.0     0.0      0.002  O       |       |       |       |      0.0
   1370     0.0     0.0      0.002  O       |       |       |       |      0.0
   1380     0.0     0.0      0.002  O       |       |       |       |      0.0
   1390     0.0     0.0      0.001  O       |       |       |       |      0.0
   1400     0.0     0.0      0.001  O       |       |       |       |      0.0
   1420     0.0     0.0      0.001  O       |       |       |       |      0.0
   1440     0.0     0.0      0.001  O       |       |       |       |      0.0
   1460     0.0     0.0      0.000  O       |       |       |       |      0.0
   1500     0.0     0.0      0.000  O       |       |       |       |      0.0

Remaining water in basin =    0.00 (Ac.Ft)
Peak flow out of basin =     0.29(CFS)
Peak flow time = 1206 Min., time interval # = 92
Maximum depth in basin =    0.16(Ft.)

Hydrograph Detention Basin Routing
Hydrograph at 5 439 A Storm Day: 2 Drainage Area =   19.10
Total flood hydrograph volume this storm day =    0.39 Ac. Ft.
---------------------------------------------------------------------
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Graph values: 'I'= unit inflow; 'O'=outflow at time shown
---------------------------------------------------------------------

  Time   Inflow  Outflow    Storage                                     Depth 
  (Min)  (CFS)   (CFS)     (Ac.Ft) .0       1.5     3.0     4.4     5.9 (Ft.)
      0     0.0     0.0      0.000  O       |       |       |       |      0.0
    100     0.0     0.0      0.000  O       |       |       |       |      0.0
    200     0.0     0.0      0.000  O       |       |       |       |      0.0
    300     0.0     0.0      0.000  O       |       |       |       |      0.0
    400     0.0     0.0      0.000  O       |       |       |       |      0.0
    500     0.0     0.0      0.000  O       |       |       |       |      0.0
    600     0.0     0.0      0.000  O       |       |       |       |      0.0
    700     0.0     0.0      0.000  O       |       |       |       |      0.0
    800     0.0     0.0      0.000  O       |       |       |       |      0.0
    900     0.0     0.0      0.000  O       |       |       |       |      0.0
   1000     0.2     0.1      0.008  OI      |       |       |       |      0.1
   1050     0.3     0.2      0.015  |O      |       |       |       |      0.1
   1100     0.3     0.3      0.020  |O      |       |       |       |      0.1
   1110     0.6     0.3      0.023  |O I    |       |       |       |      0.2
   1120     0.8     0.4      0.028  |O  I   |       |       |       |      0.2
   1130     1.2     0.5      0.036  | O   I |       |       |       |      0.3
   1131     1.2     0.5      0.037  | O   I |       |       |       |      0.3
   1132     1.3     0.5      0.039  | O    I|       |       |       |      0.3
   1133     1.4     0.5      0.040  | O    I|       |       |       |      0.3
   1134     1.4     0.5      0.041  | O    I|       |       |       |      0.3
   1135     1.5     0.5      0.042  | O     I       |       |       |      0.3
   1136     1.6     0.6      0.044  |  O    I       |       |       |      0.3
   1137     1.7     0.6      0.045  |  O    |I      |       |       |      0.3
   1138     1.7     0.6      0.047  |  O    |I      |       |       |      0.3
   1139     1.8     0.6      0.048  |  O    |I      |       |       |      0.3
   1140     1.9     0.6      0.050  |  O    | I     |       |       |      0.4
   1141     2.0     0.7      0.052  |  O    | I     |       |       |      0.4
   1142     2.0     0.7      0.054  |  O    | I     |       |       |      0.4
   1143     2.1     0.7      0.056  |  O    |  I    |       |       |      0.4
   1144     2.2     0.7      0.058  |   O   |  I    |       |       |      0.4
   1145     2.4     0.8      0.060  |   O   |    I  |       |       |      0.4
   1146     2.5     0.8      0.062  |   O   |    I  |       |       |      0.4
   1147     2.6     0.8      0.065  |   O   |     I |       |       |      0.5
   1148     2.7     0.9      0.067  |   O   |     I |       |       |      0.5
   1149     2.9     0.9      0.070  |   O   |      I|       |       |      0.5
   1150     3.2     0.9      0.073  |    O  |       |I      |       |      0.5
   1151     3.6     1.0      0.077  |    O  |       |  I    |       |      0.5
   1152     4.1     1.0      0.081  |    O  |       |     I |       |      0.6
   1153     4.7     1.1      0.086  |     O |       |       |I      |      0.6
   1154     5.2     1.2      0.092  |     O |       |       |   I   |      0.7
   1155     5.6     1.3      0.098  |     O |       |       |     I |      0.7
   1156     5.9     1.3      0.104  |      O|       |       |       I      0.7
   1157     5.9     1.4      0.110  |      O|       |       |       I      0.8
   1158     5.8     1.5      0.116  |       O       |       |      I|      0.8
   1159     5.4     1.6      0.122  |       O       |       |    I  |      0.9
   1160     4.9     1.6      0.126  |       O       |       | I     |      0.9
   1161     4.4     1.7      0.130  |       |O      |      I|       |      0.9
   1162     3.9     1.7      0.133  |       |O      |    I  |       |      1.0
   1163     3.4     1.7      0.135  |       |O      | I     |       |      1.0
   1164     3.1     1.8      0.137  |       |O      I       |       |      1.0
   1165     2.7     1.8      0.139  |       |O    I |       |       |      1.0
   1166     2.5     1.8      0.140  |       |O   I  |       |       |      1.0
   1167     2.3     1.8      0.140  |       |O  I   |       |       |      1.0
   1168     2.1     1.8      0.141  |       |O I    |       |       |      1.0
   1169     1.9     1.8      0.141  |       |OI     |       |       |      1.0
   1170     1.8     1.8      0.141  |       |O      |       |       |      1.0
   1171     1.6     1.8      0.140  |       IO      |       |       |      1.0
   1172     1.6     1.8      0.140  |       IO      |       |       |      1.0
   1173     1.5     1.8      0.140  |       IO      |       |       |      1.0
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   1174     1.5     1.8      0.139  |       IO      |       |       |      1.0
   1175     1.4     1.8      0.139  |      I|O      |       |       |      1.0
   1176     1.4     1.8      0.138  |      I|O      |       |       |      1.0
   1177     1.3     1.8      0.138  |      I|O      |       |       |      1.0
   1178     1.3     1.8      0.137  |      I|O      |       |       |      1.0
   1179     1.3     1.8      0.136  |      I|O      |       |       |      1.0
   1180     1.3     1.7      0.136  |      I|O      |       |       |      1.0
   1181     1.2     1.7      0.135  |     I |O      |       |       |      1.0
   1182     1.2     1.7      0.134  |     I |O      |       |       |      1.0
   1183     1.2     1.7      0.134  |     I |O      |       |       |      1.0
   1184     1.2     1.7      0.133  |     I |O      |       |       |      0.9
   1185     1.2     1.7      0.132  |     I |O      |       |       |      0.9
   1186     1.1     1.7      0.131  |    I  |O      |       |       |      0.9
   1187     1.1     1.7      0.131  |    I  |O      |       |       |      0.9
   1188     1.1     1.7      0.130  |    I  |O      |       |       |      0.9
   1189     1.0     1.7      0.129  |    I  O       |       |       |      0.9
   1190     1.0     1.6      0.128  |    I  O       |       |       |      0.9
   1191     1.0     1.6      0.127  |    I  O       |       |       |      0.9
   1192     1.0     1.6      0.126  |    I  O       |       |       |      0.9
   1193     1.0     1.6      0.125  |    I  O       |       |       |      0.9
   1194     1.0     1.6      0.125  |    I  O       |       |       |      0.9
   1195     0.9     1.6      0.124  |   I   O       |       |       |      0.9
   1196     0.9     1.6      0.123  |   I   O       |       |       |      0.9
   1197     0.9     1.6      0.122  |   I   O       |       |       |      0.9
   1198     0.9     1.6      0.121  |   I   O       |       |       |      0.9
   1199     0.9     1.5      0.120  |   I   O       |       |       |      0.9
   1200     0.9     1.5      0.119  |   I   O       |       |       |      0.9
   1201     0.9     1.5      0.118  |   I   O       |       |       |      0.8
   1202     0.9     1.5      0.117  |   I   O       |       |       |      0.8
   1203     0.9     1.5      0.116  |   I   O       |       |       |      0.8
   1204     0.9     1.5      0.116  |   I   O       |       |       |      0.8
   1205     0.9     1.5      0.115  |   I   O       |       |       |      0.8
   1206     0.8     1.5      0.114  |   I  O|       |       |       |      0.8
   1207     0.8     1.5      0.113  |   I  O|       |       |       |      0.8
   1208     0.8     1.4      0.112  |   I  O|       |       |       |      0.8
   1209     0.8     1.4      0.111  |   I  O|       |       |       |      0.8
   1210     0.8     1.4      0.110  |   I  O|       |       |       |      0.8
   1211     0.8     1.4      0.110  |   I  O|       |       |       |      0.8
   1212     0.8     1.4      0.109  |   I  O|       |       |       |      0.8
   1213     0.8     1.4      0.108  |   I  O|       |       |       |      0.8
   1214     0.8     1.4      0.107  |   I  O|       |       |       |      0.8
   1215     0.8     1.4      0.106  |   I  O|       |       |       |      0.8
   1216     0.8     1.4      0.106  |   I  O|       |       |       |      0.8
   1217     0.8     1.3      0.105  |   I  O|       |       |       |      0.7
   1218     0.8     1.3      0.104  |   I  O|       |       |       |      0.7
   1219     0.7     1.3      0.103  |  I   O|       |       |       |      0.7
   1220     0.7     1.3      0.102  |  I   O|       |       |       |      0.7
   1221     0.7     1.3      0.101  |  I   O|       |       |       |      0.7
   1222     0.7     1.3      0.101  |  I   O|       |       |       |      0.7
   1223     0.7     1.3      0.100  |  I  O |       |       |       |      0.7
   1224     0.7     1.3      0.099  |  I  O |       |       |       |      0.7
   1225     0.7     1.3      0.098  |  I  O |       |       |       |      0.7
   1226     0.7     1.3      0.097  |  I  O |       |       |       |      0.7
   1227     0.7     1.2      0.097  |  I  O |       |       |       |      0.7
   1228     0.7     1.2      0.096  |  I  O |       |       |       |      0.7
   1229     0.7     1.2      0.095  |  I  O |       |       |       |      0.7
   1230     0.7     1.2      0.095  |  I  O |       |       |       |      0.7
   1231     0.7     1.2      0.094  |  I  O |       |       |       |      0.7
   1232     0.7     1.2      0.093  |  I  O |       |       |       |      0.7
   1233     0.7     1.2      0.092  |  I  O |       |       |       |      0.7
   1234     0.7     1.2      0.092  |  I  O |       |       |       |      0.7
   1235     0.6     1.2      0.091  |  I  O |       |       |       |      0.7
   1236     0.6     1.2      0.090  |  I  O |       |       |       |      0.6
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   1237     0.6     1.2      0.089  |  I  O |       |       |       |      0.6
   1238     0.6     1.1      0.089  |  I  O |       |       |       |      0.6
   1239     0.6     1.1      0.088  |  I  O |       |       |       |      0.6
   1240     0.6     1.1      0.087  |  I  O |       |       |       |      0.6
   1241     0.6     1.1      0.087  |  I  O |       |       |       |      0.6
   1242     0.6     1.1      0.086  |  I O  |       |       |       |      0.6
   1243     0.6     1.1      0.085  |  I O  |       |       |       |      0.6
   1244     0.6     1.1      0.084  |  I O  |       |       |       |      0.6
   1245     0.6     1.1      0.084  |  I O  |       |       |       |      0.6
   1246     0.5     1.1      0.083  | I  O  |       |       |       |      0.6
   1247     0.5     1.1      0.082  | I  O  |       |       |       |      0.6
   1248     0.5     1.0      0.081  | I  O  |       |       |       |      0.6
   1249     0.5     1.0      0.081  | I  O  |       |       |       |      0.6
   1250     0.5     1.0      0.080  | I  O  |       |       |       |      0.6
   1251     0.5     1.0      0.079  | I  O  |       |       |       |      0.6
   1252     0.5     1.0      0.079  | I  O  |       |       |       |      0.6
   1253     0.5     1.0      0.078  | I  O  |       |       |       |      0.6
   1254     0.5     1.0      0.077  | I  O  |       |       |       |      0.6
   1255     0.5     1.0      0.077  | I  O  |       |       |       |      0.5
   1256     0.5     1.0      0.076  | I  O  |       |       |       |      0.5
   1257     0.5     1.0      0.075  | I  O  |       |       |       |      0.5
   1258     0.5     1.0      0.075  | I  O  |       |       |       |      0.5
   1259     0.5     1.0      0.074  | I  O  |       |       |       |      0.5
   1260     0.5     0.9      0.073  | I  O  |       |       |       |      0.5
   1261     0.5     0.9      0.073  | I  O  |       |       |       |      0.5
   1262     0.5     0.9      0.072  | I  O  |       |       |       |      0.5
   1263     0.5     0.9      0.072  | I O   |       |       |       |      0.5
   1264     0.5     0.9      0.071  | I O   |       |       |       |      0.5
   1265     0.5     0.9      0.070  | I O   |       |       |       |      0.5
   1266     0.5     0.9      0.070  | I O   |       |       |       |      0.5
   1267     0.4     0.9      0.069  | I O   |       |       |       |      0.5
   1268     0.3     0.9      0.068  |I  O   |       |       |       |      0.5
   1269     0.4     0.9      0.068  | I O   |       |       |       |      0.5
   1270     0.3     0.9      0.067  |I  O   |       |       |       |      0.5
   1271     0.3     0.9      0.066  |I  O   |       |       |       |      0.5
   1272     0.3     0.8      0.065  |I  O   |       |       |       |      0.5
   1273     0.2     0.8      0.065  |I  O   |       |       |       |      0.5
   1274     0.3     0.8      0.064  |I  O   |       |       |       |      0.5
   1275     0.2     0.8      0.063  |I  O   |       |       |       |      0.4
   1276     0.2     0.8      0.062  |I  O   |       |       |       |      0.4
   1277     0.1     0.8      0.061  I   O   |       |       |       |      0.4
   1278     0.1     0.8      0.060  I   O   |       |       |       |      0.4
   1279     0.1     0.8      0.059  I   O   |       |       |       |      0.4
   1280     0.1     0.8      0.058  I   O   |       |       |       |      0.4
   1281     0.1     0.7      0.058  I   O   |       |       |       |      0.4
   1282     0.1     0.7      0.057  I  O    |       |       |       |      0.4
   1283     0.1     0.7      0.056  I  O    |       |       |       |      0.4
   1284     0.1     0.7      0.055  I  O    |       |       |       |      0.4
   1285     0.1     0.7      0.054  I  O    |       |       |       |      0.4
   1286     0.1     0.7      0.053  I  O    |       |       |       |      0.4
   1287     0.1     0.7      0.053  I  O    |       |       |       |      0.4
   1288     0.1     0.7      0.052  I  O    |       |       |       |      0.4
   1289     0.1     0.7      0.051  I  O    |       |       |       |      0.4
   1290     0.1     0.6      0.050  I  O    |       |       |       |      0.4
   1291     0.1     0.6      0.049  I  O    |       |       |       |      0.4
   1292     0.1     0.6      0.049  I  O    |       |       |       |      0.3
   1293     0.1     0.6      0.048  I  O    |       |       |       |      0.3
   1294     0.1     0.6      0.047  I  O    |       |       |       |      0.3
   1295     0.1     0.6      0.047  I  O    |       |       |       |      0.3
   1296     0.1     0.6      0.046  I  O    |       |       |       |      0.3
   1297     0.1     0.6      0.045  I  O    |       |       |       |      0.3
   1298     0.1     0.6      0.045  I  O    |       |       |       |      0.3
   1299     0.1     0.6      0.044  I  O    |       |       |       |      0.3
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   1300     0.1     0.6      0.043  I  O    |       |       |       |      0.3
   1310     0.1     0.5      0.038  I O     |       |       |       |      0.3
   1320     0.1     0.4      0.033  I O     |       |       |       |      0.2
   1330     0.1     0.4      0.029  IO      |       |       |       |      0.2
   1340     0.1     0.3      0.025  IO      |       |       |       |      0.2
   1350     0.1     0.3      0.022  IO      |       |       |       |      0.2
   1360     0.1     0.3      0.020  IO      |       |       |       |      0.1
   1370     0.1     0.2      0.018  IO      |       |       |       |      0.1
   1380     0.1     0.2      0.016  IO      |       |       |       |      0.1
   1390     0.1     0.2      0.015  IO      |       |       |       |      0.1
   1400     0.1     0.2      0.014  O       |       |       |       |      0.1
   1420     0.1     0.2      0.012  O       |       |       |       |      0.1
   1440     0.1     0.1      0.011  O       |       |       |       |      0.1
   1460     0.1     0.1      0.010  O       |       |       |       |      0.1
   1500     0.2     0.1      0.011  OI      |       |       |       |      0.1

Remaining water in basin =    0.01 (Ac.Ft)
Peak flow out of basin =     1.80(CFS)
Peak flow time = 1169 Min., time interval # = 55
Maximum depth in basin =    1.00(Ft.)

Hydrograph Detention Basin Routing
Hydrograph at 5 439 A Storm Day: 3 Drainage Area =   19.10
Total flood hydrograph volume this storm day =    0.29 Ac. Ft.
---------------------------------------------------------------------

Graph values: 'I'= unit inflow; 'O'=outflow at time shown
---------------------------------------------------------------------

  Time   Inflow  Outflow    Storage                                     Depth 
  (Min)  (CFS)   (CFS)     (Ac.Ft) .0       1.5     3.0     4.4     5.9 (Ft.)
      0     0.0     0.1      0.011  O       |       |       |       |      0.1
    100     0.0     0.0      0.002  O       |       |       |       |      0.0
    200     0.0     0.0      0.000  O       |       |       |       |      0.0
    300     0.0     0.0      0.000  O       |       |       |       |      0.0
    400     0.0     0.0      0.000  O       |       |       |       |      0.0
    500     0.0     0.0      0.000  O       |       |       |       |      0.0
    600     0.0     0.0      0.000  O       |       |       |       |      0.0
    700     0.0     0.0      0.000  O       |       |       |       |      0.0
    800     0.0     0.0      0.000  O       |       |       |       |      0.0
    900     0.0     0.0      0.000  O       |       |       |       |      0.0
   1000     0.2     0.1      0.008  OI      |       |       |       |      0.1
   1050     0.2     0.2      0.013  OI      |       |       |       |      0.1
   1100     0.3     0.2      0.017  |O      |       |       |       |      0.1
   1110     0.3     0.2      0.018  |O      |       |       |       |      0.1
   1120     0.6     0.3      0.021  |O I    |       |       |       |      0.2
   1130     1.0     0.4      0.028  |O   I  |       |       |       |      0.2
   1131     1.0     0.4      0.029  | O  I  |       |       |       |      0.2
   1132     1.1     0.4      0.030  | O  I  |       |       |       |      0.2
   1133     1.1     0.4      0.031  | O  I  |       |       |       |      0.2
   1134     1.2     0.4      0.032  | O   I |       |       |       |      0.2
   1135     1.2     0.4      0.033  | O   I |       |       |       |      0.2
   1136     1.3     0.4      0.034  | O    I|       |       |       |      0.2
   1137     1.3     0.5      0.035  | O    I|       |       |       |      0.3
   1138     1.3     0.5      0.037  | O    I|       |       |       |      0.3
   1139     1.4     0.5      0.038  | O    I|       |       |       |      0.3
   1140     1.4     0.5      0.039  | O    I|       |       |       |      0.3
   1141     1.5     0.5      0.040  | O     I       |       |       |      0.3
   1142     1.5     0.5      0.042  | O     I       |       |       |      0.3
   1143     1.6     0.6      0.043  |  O    I       |       |       |      0.3
   1144     1.8     0.6      0.045  |  O    |I      |       |       |      0.3
   1145     1.9     0.6      0.047  |  O    | I     |       |       |      0.3
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   1146     2.0     0.6      0.049  |  O    | I     |       |       |      0.3
   1147     2.1     0.7      0.051  |  O    |  I    |       |       |      0.4
   1148     2.3     0.7      0.053  |  O    |   I   |       |       |      0.4
   1149     2.5     0.7      0.055  |  O    |    I  |       |       |      0.4
   1150     2.8     0.7      0.058  |   O   |      I|       |       |      0.4
   1151     3.1     0.8      0.061  |   O   |       I       |       |      0.4
   1152     3.5     0.8      0.065  |   O   |       | I     |       |      0.5
   1153     3.9     0.9      0.069  |   O   |       |    I  |       |      0.5
   1154     4.4     1.0      0.074  |    O  |       |      I|       |      0.5
   1155     4.8     1.0      0.079  |    O  |       |       | I     |      0.6
   1156     5.0     1.1      0.085  |    O  |       |       |  I    |      0.6
   1157     5.1     1.2      0.090  |     O |       |       |  I    |      0.6
   1158     5.0     1.2      0.096  |     O |       |       |  I    |      0.7
   1159     4.7     1.3      0.100  |     O |       |       |I      |      0.7
   1160     4.4     1.3      0.105  |      O|       |      I|       |      0.7
   1161     4.0     1.4      0.108  |      O|       |    I  |       |      0.8
   1162     3.5     1.4      0.111  |      O|       | I     |       |      0.8
   1163     3.1     1.5      0.113  |      O|       I       |       |      0.8
   1164     2.7     1.5      0.115  |       O     I |       |       |      0.8
   1165     2.5     1.5      0.116  |       O    I  |       |       |      0.8
   1166     2.2     1.5      0.117  |       O  I    |       |       |      0.8
   1167     2.0     1.5      0.118  |       O I     |       |       |      0.8
   1168     1.9     1.5      0.119  |       O I     |       |       |      0.8
   1169     1.7     1.5      0.119  |       OI      |       |       |      0.8
   1170     1.6     1.5      0.119  |       O       |       |       |      0.8
   1171     1.5     1.5      0.119  |       O       |       |       |      0.8
   1172     1.4     1.5      0.119  |      IO       |       |       |      0.8
   1173     1.4     1.5      0.119  |      IO       |       |       |      0.8
   1174     1.3     1.5      0.118  |      IO       |       |       |      0.8
   1175     1.3     1.5      0.118  |      IO       |       |       |      0.8
   1176     1.3     1.5      0.118  |      IO       |       |       |      0.8
   1177     1.2     1.5      0.117  |     I O       |       |       |      0.8
   1178     1.2     1.5      0.117  |     I O       |       |       |      0.8
   1179     1.2     1.5      0.116  |     I O       |       |       |      0.8
   1180     1.2     1.5      0.116  |     I O       |       |       |      0.8
   1181     1.1     1.5      0.115  |    I  O       |       |       |      0.8
   1182     1.0     1.5      0.115  |    I  O       |       |       |      0.8
   1183     1.0     1.5      0.114  |    I O|       |       |       |      0.8
   1184     1.0     1.5      0.113  |    I O|       |       |       |      0.8
   1185     0.9     1.4      0.113  |   I  O|       |       |       |      0.8
   1186     0.9     1.4      0.112  |   I  O|       |       |       |      0.8
   1187     0.9     1.4      0.111  |   I  O|       |       |       |      0.8
   1188     0.9     1.4      0.110  |   I  O|       |       |       |      0.8
   1189     0.8     1.4      0.110  |   I  O|       |       |       |      0.8
   1190     0.8     1.4      0.109  |   I  O|       |       |       |      0.8
   1191     0.8     1.4      0.108  |   I  O|       |       |       |      0.8
   1192     0.8     1.4      0.107  |   I  O|       |       |       |      0.8
   1193     0.8     1.4      0.106  |   I  O|       |       |       |      0.8
   1194     0.8     1.4      0.106  |   I  O|       |       |       |      0.8
   1195     0.8     1.3      0.105  |   I  O|       |       |       |      0.7
   1196     0.8     1.3      0.104  |   I  O|       |       |       |      0.7
   1197     0.7     1.3      0.103  |  I   O|       |       |       |      0.7
   1198     0.7     1.3      0.102  |  I   O|       |       |       |      0.7
   1199     0.7     1.3      0.102  |  I   O|       |       |       |      0.7
   1200     0.7     1.3      0.101  |  I   O|       |       |       |      0.7
   1201     0.7     1.3      0.100  |  I  O |       |       |       |      0.7
   1202     0.7     1.3      0.099  |  I  O |       |       |       |      0.7
   1203     0.7     1.3      0.098  |  I  O |       |       |       |      0.7
   1204     0.7     1.3      0.098  |  I  O |       |       |       |      0.7
   1205     0.7     1.2      0.097  |  I  O |       |       |       |      0.7
   1206     0.7     1.2      0.096  |  I  O |       |       |       |      0.7
   1207     0.7     1.2      0.095  |  I  O |       |       |       |      0.7
   1208     0.7     1.2      0.095  |  I  O |       |       |       |      0.7
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   1209     0.7     1.2      0.094  |  I  O |       |       |       |      0.7
   1210     0.7     1.2      0.093  |  I  O |       |       |       |      0.7
   1211     0.6     1.2      0.092  |  I  O |       |       |       |      0.7
   1212     0.6     1.2      0.092  |  I  O |       |       |       |      0.7
   1213     0.6     1.2      0.091  |  I  O |       |       |       |      0.6
   1214     0.6     1.2      0.090  |  I  O |       |       |       |      0.6
   1215     0.6     1.1      0.089  |  I  O |       |       |       |      0.6
   1216     0.6     1.1      0.089  |  I  O |       |       |       |      0.6
   1217     0.6     1.1      0.088  |  I  O |       |       |       |      0.6
   1218     0.6     1.1      0.087  |  I  O |       |       |       |      0.6
   1219     0.5     1.1      0.086  | I   O |       |       |       |      0.6
   1220     0.5     1.1      0.085  | I  O  |       |       |       |      0.6
   1221     0.5     1.1      0.085  | I  O  |       |       |       |      0.6
   1222     0.5     1.1      0.084  | I  O  |       |       |       |      0.6
   1223     0.5     1.1      0.083  | I  O  |       |       |       |      0.6
   1224     0.5     1.1      0.082  | I  O  |       |       |       |      0.6
   1225     0.5     1.0      0.081  | I  O  |       |       |       |      0.6
   1226     0.5     1.0      0.081  | I  O  |       |       |       |      0.6
   1227     0.5     1.0      0.080  | I  O  |       |       |       |      0.6
   1228     0.5     1.0      0.079  | I  O  |       |       |       |      0.6
   1229     0.5     1.0      0.079  | I  O  |       |       |       |      0.6
   1230     0.5     1.0      0.078  | I  O  |       |       |       |      0.6
   1231     0.5     1.0      0.077  | I  O  |       |       |       |      0.6
   1232     0.5     1.0      0.076  | I  O  |       |       |       |      0.5
   1233     0.5     1.0      0.076  | I  O  |       |       |       |      0.5
   1234     0.5     1.0      0.075  | I  O  |       |       |       |      0.5
   1235     0.4     1.0      0.074  | I  O  |       |       |       |      0.5
   1236     0.4     0.9      0.074  | I  O  |       |       |       |      0.5
   1237     0.4     0.9      0.073  | I  O  |       |       |       |      0.5
   1238     0.4     0.9      0.072  | I  O  |       |       |       |      0.5
   1239     0.4     0.9      0.071  | I O   |       |       |       |      0.5
   1240     0.4     0.9      0.071  | I O   |       |       |       |      0.5
   1241     0.4     0.9      0.070  | I O   |       |       |       |      0.5
   1242     0.4     0.9      0.069  | I O   |       |       |       |      0.5
   1243     0.4     0.9      0.069  | I O   |       |       |       |      0.5
   1244     0.4     0.9      0.068  | I O   |       |       |       |      0.5
   1245     0.4     0.9      0.067  | I O   |       |       |       |      0.5
   1246     0.4     0.9      0.067  | I O   |       |       |       |      0.5
   1247     0.4     0.9      0.066  | I O   |       |       |       |      0.5
   1248     0.4     0.8      0.065  | I O   |       |       |       |      0.5
   1249     0.4     0.8      0.065  | I O   |       |       |       |      0.5
   1250     0.4     0.8      0.064  | I O   |       |       |       |      0.5
   1251     0.4     0.8      0.064  | I O   |       |       |       |      0.5
   1252     0.4     0.8      0.063  | I O   |       |       |       |      0.5
   1253     0.4     0.8      0.063  | I O   |       |       |       |      0.4
   1254     0.3     0.8      0.062  |I  O   |       |       |       |      0.4
   1255     0.3     0.8      0.061  |I  O   |       |       |       |      0.4
   1256     0.3     0.8      0.061  |I  O   |       |       |       |      0.4
   1257     0.3     0.8      0.060  |I  O   |       |       |       |      0.4
   1258     0.3     0.8      0.059  |I  O   |       |       |       |      0.4
   1259     0.2     0.8      0.058  |I  O   |       |       |       |      0.4
   1260     0.2     0.7      0.058  |I  O   |       |       |       |      0.4
   1261     0.2     0.7      0.057  |I O    |       |       |       |      0.4
   1262     0.2     0.7      0.056  |I O    |       |       |       |      0.4
   1263     0.2     0.7      0.056  |I O    |       |       |       |      0.4
   1264     0.2     0.7      0.055  |I O    |       |       |       |      0.4
   1265     0.2     0.7      0.054  |I O    |       |       |       |      0.4
   1266     0.2     0.7      0.053  |I O    |       |       |       |      0.4
   1267     0.2     0.7      0.053  |I O    |       |       |       |      0.4
   1268     0.2     0.7      0.052  |I O    |       |       |       |      0.4
   1269     0.2     0.7      0.052  |I O    |       |       |       |      0.4
   1270     0.2     0.7      0.051  |I O    |       |       |       |      0.4
   1271     0.2     0.6      0.050  |I O    |       |       |       |      0.4

Page 10



msdet005
   1272     0.1     0.6      0.050  I  O    |       |       |       |      0.4
   1273     0.1     0.6      0.049  I  O    |       |       |       |      0.3
   1274     0.1     0.6      0.048  I  O    |       |       |       |      0.3
   1275     0.1     0.6      0.047  I  O    |       |       |       |      0.3
   1276     0.0     0.6      0.047  I  O    |       |       |       |      0.3
   1277     0.0     0.6      0.046  I  O    |       |       |       |      0.3
   1278     0.0     0.6      0.045  I  O    |       |       |       |      0.3
   1279     0.0     0.6      0.044  I  O    |       |       |       |      0.3
   1280     0.0     0.6      0.043  I  O    |       |       |       |      0.3
   1281     0.0     0.5      0.043  I O     |       |       |       |      0.3
   1282     0.0     0.5      0.042  I O     |       |       |       |      0.3
   1283     0.0     0.5      0.041  I O     |       |       |       |      0.3
   1284     0.0     0.5      0.040  I O     |       |       |       |      0.3
   1285     0.0     0.5      0.040  I O     |       |       |       |      0.3
   1286     0.0     0.5      0.039  I O     |       |       |       |      0.3
   1287     0.0     0.5      0.038  I O     |       |       |       |      0.3
   1288     0.0     0.5      0.038  I O     |       |       |       |      0.3
   1289     0.0     0.5      0.037  I O     |       |       |       |      0.3
   1290     0.0     0.5      0.036  I O     |       |       |       |      0.3
   1291     0.0     0.5      0.036  I O     |       |       |       |      0.3
   1292     0.0     0.5      0.035  I O     |       |       |       |      0.3
   1293     0.0     0.4      0.034  I O     |       |       |       |      0.2
   1294     0.0     0.4      0.034  I O     |       |       |       |      0.2
   1295     0.0     0.4      0.033  I O     |       |       |       |      0.2
   1296     0.0     0.4      0.033  I O     |       |       |       |      0.2
   1297     0.0     0.4      0.032  I O     |       |       |       |      0.2
   1298     0.0     0.4      0.032  I O     |       |       |       |      0.2
   1299     0.0     0.4      0.031  I O     |       |       |       |      0.2
   1300     0.0     0.4      0.030  I O     |       |       |       |      0.2
   1310     0.0     0.3      0.025  IO      |       |       |       |      0.2
   1320     0.0     0.3      0.021  IO      |       |       |       |      0.2
   1330     0.0     0.2      0.018  IO      |       |       |       |      0.1
   1340     0.0     0.2      0.015  IO      |       |       |       |      0.1
   1350     0.0     0.2      0.013  O       |       |       |       |      0.1
   1360     0.0     0.1      0.011  O       |       |       |       |      0.1
   1370     0.0     0.1      0.009  O       |       |       |       |      0.1
   1380     0.0     0.1      0.007  O       |       |       |       |      0.1
   1390     0.0     0.1      0.006  O       |       |       |       |      0.0
   1400     0.0     0.1      0.005  O       |       |       |       |      0.0
   1420     0.0     0.0      0.004  O       |       |       |       |      0.0
   1440     0.0     0.0      0.003  O       |       |       |       |      0.0
   1460     0.0     0.0      0.002  O       |       |       |       |      0.0
   1500     0.1     0.0      0.003  O       |       |       |       |      0.0

Remaining water in basin =    0.00 (Ac.Ft)
Peak flow out of basin =     1.53(CFS)
Peak flow time = 1170 Min., time interval # = 56
Maximum depth in basin =    0.85(Ft.)

Hydrograph Detention Basin Routing
Hydrograph at 5 439 A Storm Day: 4 Drainage Area =   19.10
Total flood hydrograph volume this storm day =    1.68 Ac. Ft.
---------------------------------------------------------------------

Graph values: 'I'= unit inflow; 'O'=outflow at time shown
---------------------------------------------------------------------

  Time   Inflow  Outflow    Storage                                     Depth 
  (Min)  (CFS)   (CFS)     (Ac.Ft) .0       4.9     9.8    14.6    19.5 (Ft.)
      0     0.0     0.0      0.003  O       |       |       |       |      0.0
    100     0.2     0.1      0.009  O       |       |       |       |      0.1
    200     0.2     0.2      0.014  O       |       |       |       |      0.1
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    300     0.3     0.3      0.020  O       |       |       |       |      0.1
    400     0.3     0.3      0.023  O       |       |       |       |      0.2
    500     0.3     0.3      0.023  O       |       |       |       |      0.2
    600     0.3     0.3      0.023  O       |       |       |       |      0.2
    700     0.3     0.3      0.023  O       |       |       |       |      0.2
    800     0.4     0.4      0.027  O       |       |       |       |      0.2
    900     0.7     0.6      0.043  OI      |       |       |       |      0.3
   1000     1.3     1.0      0.077  |OI     |       |       |       |      0.6
   1050     1.9     1.4      0.107  | OI    |       |       |       |      0.8
   1100     2.6     1.8      0.151  | O I   |       |       |       |      1.1
   1110     3.1     1.8      0.165  | O  I  |       |       |       |      1.1
   1120     3.7     1.8      0.187  |  O  I |       |       |       |      1.3
   1130     4.3     1.8      0.218  |  O   I|       |       |       |      1.4
   1131     4.3     1.9      0.221  |  O   I|       |       |       |      1.5
   1132     4.4     1.9      0.224  |  O   I|       |       |       |      1.5
   1133     4.5     1.9      0.228  |  O   I|       |       |       |      1.5
   1134     4.6     1.9      0.232  |  O   I|       |       |       |      1.5
   1135     4.7     1.9      0.236  |  O   I|       |       |       |      1.6
   1136     4.8     1.9      0.240  |  O   I|       |       |       |      1.6
   1137     4.9     1.9      0.244  |  O    I       |       |       |      1.6
   1138     5.0     1.9      0.248  |  O    I       |       |       |      1.6
   1139     5.2     1.9      0.253  |  O    I       |       |       |      1.6
   1140     5.3     1.9      0.258  |  O    I       |       |       |      1.7
   1141     5.5     1.9      0.263  |  O    |I      |       |       |      1.7
   1142     5.7     1.9      0.268  |  O    |I      |       |       |      1.7
   1143     5.8     1.9      0.273  |  O    |I      |       |       |      1.8
   1144     6.0     1.9      0.279  |  O    |I      |       |       |      1.8
   1145     6.3     1.9      0.285  |  O    | I     |       |       |      1.8
   1146     6.6     1.9      0.292  |  O    | I     |       |       |      1.9
   1147     6.9     1.9      0.298  |  O    |  I    |       |       |      1.9
   1148     7.2     2.0      0.306  |  O    |  I    |       |       |      1.9
   1149     7.8     2.0      0.314  |  O    |   I   |       |       |      2.0
   1150     8.7     2.1      0.323  |  O    |     I |       |       |      2.0
   1151     9.9     2.2      0.334  |  O    |       I       |       |      2.1
   1152    11.8     2.2      0.347  |  O    |       |  I    |       |      2.1
   1153    14.4     2.3      0.363  |  O    |       |      I|       |      2.2
   1154    16.9     2.4      0.383  |  O    |       |       |  I    |      2.3
   1155    18.7     2.5      0.406  |   O   |       |       |     I |      2.4
   1156    19.5     2.7      0.429  |   O   |       |       |       I      2.5
   1157    18.7     2.8      0.451  |   O   |       |       |     I |      2.6
   1158    16.9     2.9      0.470  |   O   |       |       |  I    |      2.7
   1159    14.6     3.0      0.486  |   O   |       |      I|       |      2.7
   1160    12.5     3.0      0.500  |   O   |       |   I   |       |      2.8
   1161    10.5     3.1      0.510  |    O  |       |I      |       |      2.8
   1162     8.9     3.1      0.518  |    O  |     I |       |       |      2.9
   1163     7.7     3.2      0.524  |    O  |   I   |       |       |      2.9
   1164     6.7     3.2      0.529  |    O  | I     |       |       |      2.9
   1165     6.0     3.2      0.533  |    O  |I      |       |       |      2.9
   1166     5.4     3.2      0.536  |    O  I       |       |       |      2.9
   1167     5.0     3.2      0.538  |    O  I       |       |       |      2.9
   1168     4.6     3.2      0.540  |    O I|       |       |       |      3.0
   1169     4.2     3.3      0.541  |    OI |       |       |       |      3.0
   1170     3.9     3.3      0.542  |    OI |       |       |       |      3.0
   1171     3.7     3.3      0.543  |    OI |       |       |       |      3.0
   1172     3.5     3.3      0.543  |    O  |       |       |       |      3.0
   1173     3.4     3.3      0.543  |    O  |       |       |       |      3.0
   1174     3.2     3.3      0.543  |    O  |       |       |       |      3.0
   1175     3.1     3.3      0.543  |    O  |       |       |       |      3.0
   1176     3.0     3.3      0.543  |   IO  |       |       |       |      3.0
   1177     3.0     3.3      0.542  |   IO  |       |       |       |      3.0
   1178     2.9     3.3      0.542  |   IO  |       |       |       |      3.0
   1179     2.8     3.3      0.541  |   IO  |       |       |       |      3.0
   1180     2.7     3.3      0.540  |   IO  |       |       |       |      3.0
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   1181     2.7     3.2      0.540  |   IO  |       |       |       |      3.0
   1182     2.6     3.2      0.539  |   IO  |       |       |       |      3.0
   1183     2.6     3.2      0.538  |   IO  |       |       |       |      2.9
   1184     2.5     3.2      0.537  |   IO  |       |       |       |      2.9
   1185     2.5     3.2      0.536  |   IO  |       |       |       |      2.9
   1186     2.4     3.2      0.535  |  I O  |       |       |       |      2.9
   1187     2.4     3.2      0.534  |  I O  |       |       |       |      2.9
   1188     2.4     3.2      0.533  |  I O  |       |       |       |      2.9
   1189     2.3     3.2      0.531  |  I O  |       |       |       |      2.9
   1190     2.3     3.2      0.530  |  I O  |       |       |       |      2.9
   1191     2.3     3.2      0.529  |  I O  |       |       |       |      2.9
   1192     2.2     3.2      0.527  |  I O  |       |       |       |      2.9
   1193     2.2     3.2      0.526  |  I O  |       |       |       |      2.9
   1194     2.1     3.2      0.525  |  I O  |       |       |       |      2.9
   1195     2.0     3.2      0.523  |  I O  |       |       |       |      2.9
   1196     2.0     3.2      0.521  |  I O  |       |       |       |      2.9
   1197     2.0     3.1      0.520  |  I O  |       |       |       |      2.9
   1198     2.0     3.1      0.518  |  I O  |       |       |       |      2.9
   1199     1.9     3.1      0.517  |  I O  |       |       |       |      2.9
   1200     1.9     3.1      0.515  |  I O  |       |       |       |      2.8
   1201     1.9     3.1      0.513  |  I O  |       |       |       |      2.8
   1202     1.9     3.1      0.512  |  I O  |       |       |       |      2.8
   1203     1.9     3.1      0.510  |  I O  |       |       |       |      2.8
   1204     1.8     3.1      0.508  | I  O  |       |       |       |      2.8
   1205     1.8     3.1      0.506  | I  O  |       |       |       |      2.8
   1206     1.8     3.1      0.505  | I  O  |       |       |       |      2.8
   1207     1.8     3.1      0.503  | I  O  |       |       |       |      2.8
   1208     1.8     3.0      0.501  | I O   |       |       |       |      2.8
   1209     1.8     3.0      0.499  | I O   |       |       |       |      2.8
   1210     1.8     3.0      0.498  | I O   |       |       |       |      2.8
   1211     1.7     3.0      0.496  | I O   |       |       |       |      2.8
   1212     1.7     3.0      0.494  | I O   |       |       |       |      2.8
   1213     1.7     3.0      0.492  | I O   |       |       |       |      2.7
   1214     1.6     3.0      0.490  | I O   |       |       |       |      2.7
   1215     1.6     3.0      0.489  | I O   |       |       |       |      2.7
   1216     1.5     3.0      0.487  | I O   |       |       |       |      2.7
   1217     1.5     3.0      0.484  | I O   |       |       |       |      2.7
   1218     1.4     2.9      0.482  | I O   |       |       |       |      2.7
   1219     1.4     2.9      0.480  | I O   |       |       |       |      2.7
   1220     1.4     2.9      0.478  | I O   |       |       |       |      2.7
   1221     1.4     2.9      0.476  | I O   |       |       |       |      2.7
   1222     1.4     2.9      0.474  | I O   |       |       |       |      2.7
   1223     1.3     2.9      0.472  | I O   |       |       |       |      2.7
   1224     1.3     2.9      0.470  | I O   |       |       |       |      2.7
   1225     1.3     2.9      0.467  | I O   |       |       |       |      2.6
   1226     1.3     2.9      0.465  | I O   |       |       |       |      2.6
   1227     1.3     2.8      0.463  | I O   |       |       |       |      2.6
   1228     1.3     2.8      0.461  | I O   |       |       |       |      2.6
   1229     1.3     2.8      0.459  | I O   |       |       |       |      2.6
   1230     1.3     2.8      0.457  | I O   |       |       |       |      2.6
   1231     1.2     2.8      0.455  |I  O   |       |       |       |      2.6
   1232     1.2     2.8      0.452  |I  O   |       |       |       |      2.6
   1233     1.2     2.8      0.450  |I  O   |       |       |       |      2.6
   1234     1.2     2.8      0.448  |I  O   |       |       |       |      2.6
   1235     1.2     2.8      0.446  |I  O   |       |       |       |      2.5
   1236     1.2     2.7      0.444  |I  O   |       |       |       |      2.5
   1237     1.2     2.7      0.442  |I  O   |       |       |       |      2.5
   1238     1.2     2.7      0.440  |I  O   |       |       |       |      2.5
   1239     1.1     2.7      0.437  |I  O   |       |       |       |      2.5
   1240     1.1     2.7      0.435  |I  O   |       |       |       |      2.5
   1241     1.0     2.7      0.433  |I  O   |       |       |       |      2.5
   1242     1.0     2.7      0.430  |I  O   |       |       |       |      2.5
   1243     1.0     2.7      0.428  |I  O   |       |       |       |      2.5
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   1244     1.0     2.7      0.426  |I  O   |       |       |       |      2.5
   1245     0.9     2.6      0.423  |I  O   |       |       |       |      2.4
   1246     0.9     2.6      0.421  |I  O   |       |       |       |      2.4
   1247     0.9     2.6      0.419  |I  O   |       |       |       |      2.4
   1248     0.9     2.6      0.416  |I  O   |       |       |       |      2.4
   1249     0.9     2.6      0.414  |I  O   |       |       |       |      2.4
   1250     0.9     2.6      0.412  |I  O   |       |       |       |      2.4
   1251     0.9     2.6      0.409  |I  O   |       |       |       |      2.4
   1252     0.9     2.6      0.407  |I  O   |       |       |       |      2.4
   1253     0.8     2.5      0.405  |I  O   |       |       |       |      2.4
   1254     0.8     2.5      0.402  |I  O   |       |       |       |      2.4
   1255     0.8     2.5      0.400  |I  O   |       |       |       |      2.3
   1256     0.8     2.5      0.398  |I  O   |       |       |       |      2.3
   1257     0.8     2.5      0.395  |I  O   |       |       |       |      2.3
   1258     0.8     2.5      0.393  |I  O   |       |       |       |      2.3
   1259     0.8     2.5      0.391  |I  O   |       |       |       |      2.3
   1260     0.8     2.5      0.388  |I  O   |       |       |       |      2.3
   1261     0.8     2.4      0.386  |I  O   |       |       |       |      2.3
   1262     0.8     2.4      0.384  |I O    |       |       |       |      2.3
   1263     0.8     2.4      0.382  |I O    |       |       |       |      2.3
   1264     0.8     2.4      0.379  |I O    |       |       |       |      2.3
   1265     0.8     2.4      0.377  |I O    |       |       |       |      2.2
   1266     0.7     2.4      0.375  |I O    |       |       |       |      2.2
   1267     0.7     2.4      0.372  |I O    |       |       |       |      2.2
   1268     0.7     2.4      0.370  |I O    |       |       |       |      2.2
   1269     0.7     2.3      0.368  |I O    |       |       |       |      2.2
   1270     0.7     2.3      0.366  |I O    |       |       |       |      2.2
   1271     0.6     2.3      0.363  I  O    |       |       |       |      2.2
   1272     0.6     2.3      0.361  I  O    |       |       |       |      2.2
   1273     0.6     2.3      0.358  I  O    |       |       |       |      2.2
   1274     0.6     2.3      0.356  I  O    |       |       |       |      2.2
   1275     0.6     2.3      0.354  I  O    |       |       |       |      2.1
   1276     0.6     2.3      0.352  I  O    |       |       |       |      2.1
   1277     0.6     2.3      0.349  I  O    |       |       |       |      2.1
   1278     0.6     2.2      0.347  I  O    |       |       |       |      2.1
   1279     0.6     2.2      0.345  I  O    |       |       |       |      2.1
   1280     0.6     2.2      0.342  I  O    |       |       |       |      2.1
   1281     0.6     2.2      0.340  I  O    |       |       |       |      2.1
   1282     0.6     2.2      0.338  I  O    |       |       |       |      2.1
   1283     0.6     2.2      0.336  I  O    |       |       |       |      2.1
   1284     0.6     2.2      0.334  I  O    |       |       |       |      2.1
   1285     0.6     2.2      0.332  I  O    |       |       |       |      2.1
   1286     0.5     2.1      0.329  I  O    |       |       |       |      2.0
   1287     0.5     2.1      0.327  I  O    |       |       |       |      2.0
   1288     0.5     2.1      0.325  I  O    |       |       |       |      2.0
   1289     0.5     2.1      0.323  I  O    |       |       |       |      2.0
   1290     0.5     2.1      0.320  I  O    |       |       |       |      2.0
   1291     0.5     2.1      0.318  I  O    |       |       |       |      2.0
   1292     0.5     2.1      0.316  I  O    |       |       |       |      2.0
   1293     0.5     2.0      0.314  I  O    |       |       |       |      2.0
   1294     0.5     2.0      0.312  I  O    |       |       |       |      2.0
   1295     0.5     2.0      0.310  I  O    |       |       |       |      2.0
   1296     0.5     2.0      0.308  I  O    |       |       |       |      2.0
   1297     0.5     2.0      0.306  I  O    |       |       |       |      1.9
   1298     0.5     1.9      0.304  I  O    |       |       |       |      1.9
   1299     0.5     1.9      0.302  I  O    |       |       |       |      1.9
   1300     0.5     1.9      0.300  I  O    |       |       |       |      1.9
   1310     0.4     1.9      0.280  I  O    |       |       |       |      1.8
   1320     0.3     1.9      0.259  I  O    |       |       |       |      1.7
   1330     0.4     1.9      0.238  I  O    |       |       |       |      1.6
   1340     0.3     1.8      0.217  I  O    |       |       |       |      1.4
   1350     0.3     1.8      0.196  I  O    |       |       |       |      1.3
   1360     0.3     1.8      0.175  I O     |       |       |       |      1.2
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   1370     0.3     1.8      0.154  I O     |       |       |       |      1.1
   1380     0.3     1.7      0.133  I O     |       |       |       |      1.0
   1390     0.2     1.5      0.115  I O     |       |       |       |      0.8
   1400     0.2     1.3      0.099  I O     |       |       |       |      0.7
   1420     0.2     0.9      0.074  IO      |       |       |       |      0.5
   1440     0.2     0.7      0.056  IO      |       |       |       |      0.4
   1460     0.2     0.6      0.044  O       |       |       |       |      0.3
   1500     0.2     0.4      0.029  O       |       |       |       |      0.2

Remaining water in basin =    0.03 (Ac.Ft)
Peak flow out of basin =     3.27(CFS)
Peak flow time = 1173 Min., time interval # = 59
Maximum depth in basin =    2.97(Ft.)
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  CIVILCADD/CIVILDESIGN  Engineering Software, (c) 1997-2004 Version 6.4  
-------------------------------------------------------------------- 
Study Date : 02/20/13 Input hydrograph file name : ms010p.HYD
Output hydrograph file name: msdet010.hin
 

User entry of depth-outflow-storage data
--------------------------------------------------------------------
Hydrograph time unit varies
Initial depth in storage basin =   0.00(Ft.)
--------------------------------------------------------------------
--------------------------------------------------------------------
Initial basin depth =   0.00 (Ft.)
Initial basin storage =      0.00 (Ac.Ft)
Initial basin outflow =   0.00 (CFS)
---------------------------------------------------------------------
--------------------------------------------------------------------
Depth vs. Storage and Depth vs. Discharge data @ 1 Min. Intervals:
 Basin Depth  Storage    Outflow   (S-O*dt/2)   (S+O*dt/2)
     (Ft.)    (Ac.Ft)    (CFS)     (Ac.Ft)    (Ac.Ft)
---------------------------------------------------------------------

          0.000      0.000      0.000      0.000        0.000
          1.000      0.140      1.800      0.139        0.141
          1.920      0.300      1.900      0.299        0.301
          2.000      0.320      2.100      0.319        0.321
          3.000      0.550      3.300      0.548        0.552
          3.470      0.680     13.200      0.671        0.689
          4.000      0.830     15.000      0.820        0.840

--------------------------------------------------------------------
Hydrograph Detention Basin Routing

Hydrograph at 5 439 A Storm Day: 1 Drainage Area =   19.10
Total flood hydrograph volume this storm day =    0.06 Ac. Ft.
---------------------------------------------------------------------

Graph values: 'I'= unit inflow; 'O'=outflow at time shown
---------------------------------------------------------------------

  Time   Inflow  Outflow    Storage                                     Depth 
  (Min)  (CFS)   (CFS)     (Ac.Ft) .0       0.3     0.7     1.0     1.4 (Ft.)
      0     0.0     0.0      0.000  O       |       |       |       |      0.0
    100     0.0     0.0      0.000  O       |       |       |       |      0.0
    200     0.0     0.0      0.000  O       |       |       |       |      0.0
    300     0.0     0.0      0.000  O       |       |       |       |      0.0
    400     0.0     0.0      0.000  O       |       |       |       |      0.0
    500     0.0     0.0      0.000  O       |       |       |       |      0.0
    600     0.0     0.0      0.000  O       |       |       |       |      0.0
    700     0.0     0.0      0.000  O       |       |       |       |      0.0
    800     0.0     0.0      0.000  O       |       |       |       |      0.0
    900     0.0     0.0      0.000  O       |       |       |       |      0.0
   1000     0.0     0.0      0.000  O       |       |       |       |      0.0
   1050     0.0     0.0      0.000  O       |       |       |       |      0.0
   1100     0.0     0.0      0.000  O       |       |       |       |      0.0
   1110     0.0     0.0      0.000  O       |       |       |       |      0.0
   1120     0.0     0.0      0.000  O       |       |       |       |      0.0
   1130     0.0     0.0      0.000  O       |       |       |       |      0.0
   1131     0.0     0.0      0.000  O       |       |       |       |      0.0
   1132     0.0     0.0      0.000  O       |       |       |       |      0.0
   1133     0.0     0.0      0.000  O       |       |       |       |      0.0
   1134     0.0     0.0      0.000  O       |       |       |       |      0.0
   1135     0.2     0.0      0.000  O   I   |       |       |       |      0.0
   1136     0.2     0.0      0.001  O   I   |       |       |       |      0.0
   1137     0.2     0.0      0.001  O   I   |       |       |       |      0.0
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   1138     0.2     0.0      0.001  O   I   |       |       |       |      0.0
   1139     0.2     0.0      0.001  O   I   |       |       |       |      0.0
   1140     0.2     0.0      0.002  O   I   |       |       |       |      0.0
   1141     0.2     0.0      0.002  O   I   |       |       |       |      0.0
   1142     0.2     0.0      0.002  O   I   |       |       |       |      0.0
   1143     0.2     0.0      0.002  O   I   |       |       |       |      0.0
   1144     0.2     0.0      0.003  O   I   |       |       |       |      0.0
   1145     0.2     0.0      0.003  O   I   |       |       |       |      0.0
   1146     0.3     0.0      0.003  O     I |       |       |       |      0.0
   1147     0.3     0.0      0.003  |O    I |       |       |       |      0.0
   1148     0.3     0.0      0.004  |O    I |       |       |       |      0.0
   1149     0.3     0.1      0.004  |O    I |       |       |       |      0.0
   1150     0.5     0.1      0.005  |O      |  I    |       |       |      0.0
   1151     0.7     0.1      0.006  |O      |       I       |       |      0.0
   1152     0.8     0.1      0.007  |O      |       | I     |       |      0.0
   1153     1.0     0.1      0.008  | O     |       |     I |       |      0.1
   1154     1.1     0.1      0.009  | O     |       |       |I      |      0.1
   1155     1.2     0.1      0.011  |  O    |       |       |  I    |      0.1
   1156     1.3     0.2      0.012  |  O    |       |       |    I  |      0.1
   1157     1.4     0.2      0.014  |   O   |       |       |       I      0.1
   1158     1.4     0.2      0.016  |   O   |       |       |       I      0.1
   1159     1.4     0.2      0.017  |    O  |       |       |       I      0.1
   1160     1.3     0.2      0.019  |    O  |       |       |    I  |      0.1
   1161     1.2     0.3      0.020  |    O  |       |       |  I    |      0.1
   1162     1.1     0.3      0.021  |     O |       |       |I      |      0.2
   1163     1.1     0.3      0.022  |     O |       |       |I      |      0.2
   1164     1.0     0.3      0.023  |     O |       |     I |       |      0.2
   1165     0.9     0.3      0.024  |      O|       |   I   |       |      0.2
   1166     0.8     0.3      0.025  |      O|       | I     |       |      0.2
   1167     0.8     0.3      0.025  |      O|       | I     |       |      0.2
   1168     0.7     0.3      0.026  |      O|       I       |       |      0.2
   1169     0.7     0.3      0.026  |      O|       I       |       |      0.2
   1170     0.7     0.3      0.027  |      O|       I       |       |      0.2
   1171     0.6     0.4      0.027  |       O    I  |       |       |      0.2
   1172     0.6     0.4      0.028  |       O    I  |       |       |      0.2
   1173     0.6     0.4      0.028  |       O    I  |       |       |      0.2
   1174     0.6     0.4      0.028  |       O    I  |       |       |      0.2
   1175     0.6     0.4      0.029  |       O    I  |       |       |      0.2
   1176     0.6     0.4      0.029  |       O    I  |       |       |      0.2
   1177     0.5     0.4      0.029  |       O  I    |       |       |      0.2
   1178     0.5     0.4      0.029  |       O  I    |       |       |      0.2
   1179     0.5     0.4      0.029  |       O  I    |       |       |      0.2
   1180     0.5     0.4      0.030  |       O  I    |       |       |      0.2
   1181     0.5     0.4      0.030  |       O  I    |       |       |      0.2
   1182     0.4     0.4      0.030  |       OI      |       |       |      0.2
   1183     0.4     0.4      0.030  |       OI      |       |       |      0.2
   1184     0.4     0.4      0.030  |       OI      |       |       |      0.2
   1185     0.4     0.4      0.030  |       OI      |       |       |      0.2
   1186     0.4     0.4      0.030  |       OI      |       |       |      0.2
   1187     0.4     0.4      0.030  |       OI      |       |       |      0.2
   1188     0.4     0.4      0.030  |       OI      |       |       |      0.2
   1189     0.4     0.4      0.030  |       OI      |       |       |      0.2
   1190     0.3     0.4      0.030  |     I O       |       |       |      0.2
   1191     0.3     0.4      0.030  |     I O       |       |       |      0.2
   1192     0.3     0.4      0.030  |     I O       |       |       |      0.2
   1193     0.3     0.4      0.030  |     I O       |       |       |      0.2
   1194     0.3     0.4      0.029  |     I O       |       |       |      0.2
   1195     0.3     0.4      0.029  |     I O       |       |       |      0.2
   1196     0.3     0.4      0.029  |     I O       |       |       |      0.2
   1197     0.3     0.4      0.029  |     I O       |       |       |      0.2
   1198     0.3     0.4      0.029  |     I O       |       |       |      0.2
   1199     0.3     0.4      0.029  |     I O       |       |       |      0.2
   1200     0.3     0.4      0.029  |     I O       |       |       |      0.2
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   1201     0.3     0.4      0.029  |     I O       |       |       |      0.2
   1202     0.3     0.4      0.029  |     I O       |       |       |      0.2
   1203     0.3     0.4      0.029  |     I O       |       |       |      0.2
   1204     0.3     0.4      0.028  |     I O       |       |       |      0.2
   1205     0.3     0.4      0.028  |     I O       |       |       |      0.2
   1206     0.3     0.4      0.028  |     I O       |       |       |      0.2
   1207     0.3     0.4      0.028  |     I O       |       |       |      0.2
   1208     0.3     0.4      0.028  |     I O       |       |       |      0.2
   1209     0.3     0.4      0.028  |     I O       |       |       |      0.2
   1210     0.3     0.4      0.028  |     I O       |       |       |      0.2
   1211     0.2     0.4      0.028  |   I   O       |       |       |      0.2
   1212     0.1     0.4      0.027  | I     O       |       |       |      0.2
   1213     0.2     0.3      0.027  |   I  O|       |       |       |      0.2
   1214     0.1     0.3      0.027  | I    O|       |       |       |      0.2
   1215     0.2     0.3      0.027  |   I  O|       |       |       |      0.2
   1216     0.1     0.3      0.026  | I    O|       |       |       |      0.2
   1217     0.2     0.3      0.026  |   I  O|       |       |       |      0.2
   1218     0.1     0.3      0.026  | I    O|       |       |       |      0.2
   1219     0.2     0.3      0.026  |   I  O|       |       |       |      0.2
   1220     0.1     0.3      0.025  | I    O|       |       |       |      0.2
   1221     0.2     0.3      0.025  |   I  O|       |       |       |      0.2
   1222     0.1     0.3      0.025  | I    O|       |       |       |      0.2
   1223     0.1     0.3      0.024  | I    O|       |       |       |      0.2
   1224     0.1     0.3      0.024  | I    O|       |       |       |      0.2
   1225     0.1     0.3      0.024  | I    O|       |       |       |      0.2
   1226     0.1     0.3      0.024  | I   O |       |       |       |      0.2
   1227     0.1     0.3      0.023  | I   O |       |       |       |      0.2
   1228     0.1     0.3      0.023  | I   O |       |       |       |      0.2
   1229     0.1     0.3      0.023  | I   O |       |       |       |      0.2
   1230     0.1     0.3      0.023  | I   O |       |       |       |      0.2
   1231     0.1     0.3      0.022  | I   O |       |       |       |      0.2
   1232     0.1     0.3      0.022  | I   O |       |       |       |      0.2
   1233     0.1     0.3      0.022  | I   O |       |       |       |      0.2
   1234     0.1     0.3      0.022  | I   O |       |       |       |      0.2
   1235     0.1     0.3      0.021  | I   O |       |       |       |      0.2
   1236     0.1     0.3      0.021  | I   O |       |       |       |      0.2
   1237     0.1     0.3      0.021  | I   O |       |       |       |      0.1
   1238     0.1     0.3      0.021  | I   O |       |       |       |      0.1
   1239     0.1     0.3      0.020  | I  O  |       |       |       |      0.1
   1240     0.1     0.3      0.020  | I  O  |       |       |       |      0.1
   1241     0.1     0.3      0.020  | I  O  |       |       |       |      0.1
   1242     0.1     0.3      0.020  | I  O  |       |       |       |      0.1
   1243     0.1     0.3      0.020  | I  O  |       |       |       |      0.1
   1244     0.1     0.2      0.019  | I  O  |       |       |       |      0.1
   1245     0.1     0.2      0.019  | I  O  |       |       |       |      0.1
   1246     0.1     0.2      0.019  | I  O  |       |       |       |      0.1
   1247     0.1     0.2      0.019  | I  O  |       |       |       |      0.1
   1248     0.1     0.2      0.019  | I  O  |       |       |       |      0.1
   1249     0.1     0.2      0.018  | I  O  |       |       |       |      0.1
   1250     0.1     0.2      0.018  | I  O  |       |       |       |      0.1
   1251     0.1     0.2      0.018  | I  O  |       |       |       |      0.1
   1252     0.1     0.2      0.018  | I  O  |       |       |       |      0.1
   1253     0.1     0.2      0.018  | I  O  |       |       |       |      0.1
   1254     0.1     0.2      0.017  | I  O  |       |       |       |      0.1
   1255     0.1     0.2      0.017  | I  O  |       |       |       |      0.1
   1256     0.1     0.2      0.017  | I  O  |       |       |       |      0.1
   1257     0.1     0.2      0.017  | I O   |       |       |       |      0.1
   1258     0.1     0.2      0.017  | I O   |       |       |       |      0.1
   1259     0.1     0.2      0.017  | I O   |       |       |       |      0.1
   1260     0.1     0.2      0.016  | I O   |       |       |       |      0.1
   1261     0.1     0.2      0.016  | I O   |       |       |       |      0.1
   1262     0.1     0.2      0.016  | I O   |       |       |       |      0.1
   1263     0.1     0.2      0.016  | I O   |       |       |       |      0.1
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   1264     0.0     0.2      0.016  I   O   |       |       |       |      0.1
   1265     0.0     0.2      0.015  I   O   |       |       |       |      0.1
   1266     0.0     0.2      0.015  I   O   |       |       |       |      0.1
   1267     0.0     0.2      0.015  I   O   |       |       |       |      0.1
   1268     0.0     0.2      0.015  I   O   |       |       |       |      0.1
   1269     0.0     0.2      0.014  I   O   |       |       |       |      0.1
   1270     0.0     0.2      0.014  I   O   |       |       |       |      0.1
   1271     0.0     0.2      0.014  I   O   |       |       |       |      0.1
   1272     0.0     0.2      0.014  I   O   |       |       |       |      0.1
   1273     0.0     0.2      0.013  I  O    |       |       |       |      0.1
   1274     0.0     0.2      0.013  I  O    |       |       |       |      0.1
   1275     0.0     0.2      0.013  I  O    |       |       |       |      0.1
   1276     0.0     0.2      0.013  I  O    |       |       |       |      0.1
   1277     0.0     0.2      0.012  I  O    |       |       |       |      0.1
   1278     0.0     0.2      0.012  I  O    |       |       |       |      0.1
   1279     0.0     0.2      0.012  I  O    |       |       |       |      0.1
   1280     0.0     0.2      0.012  I  O    |       |       |       |      0.1
   1281     0.0     0.1      0.012  I  O    |       |       |       |      0.1
   1282     0.0     0.1      0.011  I  O    |       |       |       |      0.1
   1283     0.0     0.1      0.011  I  O    |       |       |       |      0.1
   1284     0.0     0.1      0.011  I  O    |       |       |       |      0.1
   1285     0.0     0.1      0.011  I  O    |       |       |       |      0.1
   1286     0.0     0.1      0.011  I  O    |       |       |       |      0.1
   1287     0.0     0.1      0.010  I  O    |       |       |       |      0.1
   1288     0.0     0.1      0.010  I  O    |       |       |       |      0.1
   1289     0.0     0.1      0.010  I O     |       |       |       |      0.1
   1290     0.0     0.1      0.010  I O     |       |       |       |      0.1
   1291     0.0     0.1      0.010  I O     |       |       |       |      0.1
   1292     0.0     0.1      0.010  I O     |       |       |       |      0.1
   1293     0.0     0.1      0.009  I O     |       |       |       |      0.1
   1294     0.0     0.1      0.009  I O     |       |       |       |      0.1
   1295     0.0     0.1      0.009  I O     |       |       |       |      0.1
   1296     0.0     0.1      0.009  I O     |       |       |       |      0.1
   1297     0.0     0.1      0.009  I O     |       |       |       |      0.1
   1298     0.0     0.1      0.009  I O     |       |       |       |      0.1
   1299     0.0     0.1      0.008  I O     |       |       |       |      0.1
   1300     0.0     0.1      0.008  I O     |       |       |       |      0.1
   1310     0.0     0.1      0.007  I O     |       |       |       |      0.0
   1320     0.0     0.1      0.006  IO      |       |       |       |      0.0
   1330     0.0     0.1      0.005  IO      |       |       |       |      0.0
   1340     0.0     0.1      0.004  IO      |       |       |       |      0.0
   1350     0.0     0.0      0.003  IO      |       |       |       |      0.0
   1360     0.0     0.0      0.003  O       |       |       |       |      0.0
   1370     0.0     0.0      0.002  O       |       |       |       |      0.0
   1380     0.0     0.0      0.002  O       |       |       |       |      0.0
   1390     0.0     0.0      0.002  O       |       |       |       |      0.0
   1400     0.0     0.0      0.001  O       |       |       |       |      0.0
   1420     0.0     0.0      0.001  O       |       |       |       |      0.0
   1440     0.0     0.0      0.001  O       |       |       |       |      0.0
   1460     0.0     0.0      0.000  O       |       |       |       |      0.0
   1500     0.0     0.0      0.000  O       |       |       |       |      0.0

Remaining water in basin =    0.00 (Ac.Ft)
Peak flow out of basin =     0.39(CFS)
Peak flow time = 1189 Min., time interval # = 75
Maximum depth in basin =    0.21(Ft.)

Hydrograph Detention Basin Routing
Hydrograph at 5 439 A Storm Day: 2 Drainage Area =   19.10
Total flood hydrograph volume this storm day =    0.53 Ac. Ft.
---------------------------------------------------------------------
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Graph values: 'I'= unit inflow; 'O'=outflow at time shown
---------------------------------------------------------------------

  Time   Inflow  Outflow    Storage                                     Depth 
  (Min)  (CFS)   (CFS)     (Ac.Ft) .0       1.9     3.9     5.8     7.7 (Ft.)
      0     0.0     0.0      0.000  O       |       |       |       |      0.0
    100     0.0     0.0      0.000  O       |       |       |       |      0.0
    200     0.0     0.0      0.000  O       |       |       |       |      0.0
    300     0.0     0.0      0.000  O       |       |       |       |      0.0
    400     0.0     0.0      0.000  O       |       |       |       |      0.0
    500     0.0     0.0      0.000  O       |       |       |       |      0.0
    600     0.0     0.0      0.000  O       |       |       |       |      0.0
    700     0.0     0.0      0.000  O       |       |       |       |      0.0
    800     0.2     0.1      0.008  O       |       |       |       |      0.1
    900     0.2     0.2      0.014  O       |       |       |       |      0.1
   1000     0.2     0.2      0.015  O       |       |       |       |      0.1
   1050     0.3     0.2      0.018  OI      |       |       |       |      0.1
   1100     0.7     0.4      0.032  |OI     |       |       |       |      0.2
   1110     1.0     0.5      0.038  | O I   |       |       |       |      0.3
   1120     1.5     0.6      0.048  | O   I |       |       |       |      0.3
   1130     1.8     0.8      0.061  |  O   I|       |       |       |      0.4
   1131     1.9     0.8      0.063  |  O   I|       |       |       |      0.4
   1132     1.9     0.8      0.064  |  O   I|       |       |       |      0.5
   1133     2.0     0.8      0.066  |  O    I       |       |       |      0.5
   1134     2.1     0.9      0.067  |  O    I       |       |       |      0.5
   1135     2.1     0.9      0.069  |  O    I       |       |       |      0.5
   1136     2.2     0.9      0.071  |  O    |I      |       |       |      0.5
   1137     2.2     0.9      0.073  |  O    |I      |       |       |      0.5
   1138     2.3     1.0      0.074  |  O    |I      |       |       |      0.5
   1139     2.4     1.0      0.076  |   O   |I      |       |       |      0.5
   1140     2.5     1.0      0.079  |   O   | I     |       |       |      0.6
   1141     2.6     1.0      0.081  |   O   | I     |       |       |      0.6
   1142     2.7     1.1      0.083  |   O   |  I    |       |       |      0.6
   1143     2.8     1.1      0.085  |   O   |  I    |       |       |      0.6
   1144     2.9     1.1      0.088  |   O   |   I   |       |       |      0.6
   1145     3.0     1.2      0.090  |   O   |   I   |       |       |      0.6
   1146     3.1     1.2      0.093  |   O   |   I   |       |       |      0.7
   1147     3.3     1.2      0.096  |    O  |    I  |       |       |      0.7
   1148     3.5     1.3      0.099  |    O  |     I |       |       |      0.7
   1149     3.8     1.3      0.102  |    O  |      I|       |       |      0.7
   1150     4.3     1.4      0.106  |    O  |       |I      |       |      0.8
   1151     4.9     1.4      0.111  |    O  |       |   I   |       |      0.8
   1152     5.6     1.5      0.117  |     O |       |      I|       |      0.8
   1153     6.4     1.6      0.124  |     O |       |       | I     |      0.9
   1154     7.0     1.7      0.131  |      O|       |       |    I  |      0.9
   1155     7.5     1.8      0.139  |      O|       |       |      I|      1.0
   1156     7.7     1.8      0.147  |      O|       |       |      I|      1.0
   1157     7.5     1.8      0.155  |      O|       |       |      I|      1.1
   1158     7.0     1.8      0.162  |      O|       |       |    I  |      1.1
   1159     6.3     1.8      0.168  |      O|       |       | I     |      1.2
   1160     5.5     1.8      0.173  |      O|       |     I |       |      1.2
   1161     4.8     1.8      0.177  |      O|       |  I    |       |      1.2
   1162     4.2     1.8      0.181  |      O|       |I      |       |      1.2
   1163     3.7     1.8      0.183  |      O|      I|       |       |      1.2
   1164     3.2     1.8      0.185  |      O|    I  |       |       |      1.3
   1165     2.8     1.8      0.187  |      O|  I    |       |       |      1.3
   1166     2.6     1.8      0.188  |      O| I     |       |       |      1.3
   1167     2.4     1.8      0.188  |      O|I      |       |       |      1.3
   1168     2.2     1.8      0.189  |      O|I      |       |       |      1.3
   1169     2.1     1.8      0.189  |      OI       |       |       |      1.3
   1170     1.9     1.8      0.189  |      O|       |       |       |      1.3
   1171     1.9     1.8      0.189  |      O|       |       |       |      1.3
   1172     1.8     1.8      0.189  |      O|       |       |       |      1.3
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   1173     1.7     1.8      0.189  |      O|       |       |       |      1.3
   1174     1.7     1.8      0.189  |      O|       |       |       |      1.3
   1175     1.6     1.8      0.189  |     IO|       |       |       |      1.3
   1176     1.6     1.8      0.188  |     IO|       |       |       |      1.3
   1177     1.5     1.8      0.188  |     IO|       |       |       |      1.3
   1178     1.5     1.8      0.188  |     IO|       |       |       |      1.3
   1179     1.5     1.8      0.187  |     IO|       |       |       |      1.3
   1180     1.4     1.8      0.186  |    I O|       |       |       |      1.3
   1181     1.4     1.8      0.186  |    I O|       |       |       |      1.3
   1182     1.4     1.8      0.185  |    I O|       |       |       |      1.3
   1183     1.4     1.8      0.185  |    I O|       |       |       |      1.3
   1184     1.4     1.8      0.184  |    I O|       |       |       |      1.3
   1185     1.3     1.8      0.183  |    I O|       |       |       |      1.2
   1186     1.3     1.8      0.183  |    I O|       |       |       |      1.2
   1187     1.3     1.8      0.182  |    I O|       |       |       |      1.2
   1188     1.3     1.8      0.181  |    I O|       |       |       |      1.2
   1189     1.2     1.8      0.180  |   I  O|       |       |       |      1.2
   1190     1.2     1.8      0.180  |   I  O|       |       |       |      1.2
   1191     1.2     1.8      0.179  |   I  O|       |       |       |      1.2
   1192     1.1     1.8      0.178  |   I  O|       |       |       |      1.2
   1193     1.1     1.8      0.177  |   I  O|       |       |       |      1.2
   1194     1.1     1.8      0.176  |   I  O|       |       |       |      1.2
   1195     1.1     1.8      0.175  |   I  O|       |       |       |      1.2
   1196     1.1     1.8      0.174  |   I  O|       |       |       |      1.2
   1197     1.0     1.8      0.173  |   I  O|       |       |       |      1.2
   1198     1.0     1.8      0.171  |   I  O|       |       |       |      1.2
   1199     1.0     1.8      0.170  |   I  O|       |       |       |      1.2
   1200     1.0     1.8      0.169  |   I  O|       |       |       |      1.2
   1201     1.0     1.8      0.168  |   I  O|       |       |       |      1.2
   1202     1.0     1.8      0.167  |   I  O|       |       |       |      1.2
   1203     1.0     1.8      0.166  |   I  O|       |       |       |      1.1
   1204     1.0     1.8      0.165  |   I  O|       |       |       |      1.1
   1205     1.0     1.8      0.164  |   I  O|       |       |       |      1.1
   1206     1.0     1.8      0.162  |   I  O|       |       |       |      1.1
   1207     1.0     1.8      0.161  |   I  O|       |       |       |      1.1
   1208     1.0     1.8      0.160  |   I  O|       |       |       |      1.1
   1209     0.9     1.8      0.159  |  I   O|       |       |       |      1.1
   1210     0.9     1.8      0.158  |  I   O|       |       |       |      1.1
   1211     0.9     1.8      0.156  |  I   O|       |       |       |      1.1
   1212     0.9     1.8      0.155  |  I   O|       |       |       |      1.1
   1213     0.9     1.8      0.154  |  I   O|       |       |       |      1.1
   1214     0.9     1.8      0.153  |  I   O|       |       |       |      1.1
   1215     0.9     1.8      0.151  |  I   O|       |       |       |      1.1
   1216     0.9     1.8      0.150  |  I   O|       |       |       |      1.1
   1217     0.9     1.8      0.149  |  I   O|       |       |       |      1.1
   1218     0.8     1.8      0.148  |  I   O|       |       |       |      1.0
   1219     0.8     1.8      0.146  |  I   O|       |       |       |      1.0
   1220     0.8     1.8      0.145  |  I   O|       |       |       |      1.0
   1221     0.8     1.8      0.143  |  I   O|       |       |       |      1.0
   1222     0.8     1.8      0.142  |  I   O|       |       |       |      1.0
   1223     0.8     1.8      0.141  |  I   O|       |       |       |      1.0
   1224     0.8     1.8      0.139  |  I   O|       |       |       |      1.0
   1225     0.8     1.8      0.138  |  I   O|       |       |       |      1.0
   1226     0.8     1.8      0.137  |  I   O|       |       |       |      1.0
   1227     0.8     1.7      0.135  |  I   O|       |       |       |      1.0
   1228     0.8     1.7      0.134  |  I   O|       |       |       |      1.0
   1229     0.8     1.7      0.133  |  I   O|       |       |       |      0.9
   1230     0.7     1.7      0.131  | I    O|       |       |       |      0.9
   1231     0.7     1.7      0.130  | I   O |       |       |       |      0.9
   1232     0.7     1.7      0.129  | I   O |       |       |       |      0.9
   1233     0.7     1.6      0.127  | I   O |       |       |       |      0.9
   1234     0.7     1.6      0.126  | I   O |       |       |       |      0.9
   1235     0.7     1.6      0.125  | I   O |       |       |       |      0.9
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   1236     0.7     1.6      0.124  | I   O |       |       |       |      0.9
   1237     0.7     1.6      0.122  | I   O |       |       |       |      0.9
   1238     0.7     1.6      0.121  | I   O |       |       |       |      0.9
   1239     0.6     1.5      0.120  | I   O |       |       |       |      0.9
   1240     0.6     1.5      0.119  | I   O |       |       |       |      0.8
   1241     0.6     1.5      0.117  | I   O |       |       |       |      0.8
   1242     0.6     1.5      0.116  | I   O |       |       |       |      0.8
   1243     0.6     1.5      0.115  | I   O |       |       |       |      0.8
   1244     0.6     1.5      0.114  | I   O |       |       |       |      0.8
   1245     0.6     1.4      0.112  | I   O |       |       |       |      0.8
   1246     0.6     1.4      0.111  | I  O  |       |       |       |      0.8
   1247     0.6     1.4      0.110  | I  O  |       |       |       |      0.8
   1248     0.6     1.4      0.109  | I  O  |       |       |       |      0.8
   1249     0.5     1.4      0.108  | I  O  |       |       |       |      0.8
   1250     0.5     1.4      0.107  | I  O  |       |       |       |      0.8
   1251     0.5     1.4      0.105  | I  O  |       |       |       |      0.8
   1252     0.5     1.3      0.104  | I  O  |       |       |       |      0.7
   1253     0.5     1.3      0.103  | I  O  |       |       |       |      0.7
   1254     0.5     1.3      0.102  | I  O  |       |       |       |      0.7
   1255     0.5     1.3      0.101  | I  O  |       |       |       |      0.7
   1256     0.5     1.3      0.100  | I  O  |       |       |       |      0.7
   1257     0.5     1.3      0.099  | I  O  |       |       |       |      0.7
   1258     0.5     1.3      0.098  | I  O  |       |       |       |      0.7
   1259     0.5     1.2      0.097  | I  O  |       |       |       |      0.7
   1260     0.5     1.2      0.096  | I  O  |       |       |       |      0.7
   1261     0.5     1.2      0.095  | I  O  |       |       |       |      0.7
   1262     0.5     1.2      0.094  | I  O  |       |       |       |      0.7
   1263     0.5     1.2      0.093  | I O   |       |       |       |      0.7
   1264     0.5     1.2      0.092  | I O   |       |       |       |      0.7
   1265     0.4     1.2      0.091  |I  O   |       |       |       |      0.6
   1266     0.4     1.2      0.090  |I  O   |       |       |       |      0.6
   1267     0.4     1.1      0.089  |I  O   |       |       |       |      0.6
   1268     0.4     1.1      0.088  |I  O   |       |       |       |      0.6
   1269     0.4     1.1      0.087  |I  O   |       |       |       |      0.6
   1270     0.3     1.1      0.086  |I  O   |       |       |       |      0.6
   1271     0.3     1.1      0.084  |I  O   |       |       |       |      0.6
   1272     0.2     1.1      0.083  I   O   |       |       |       |      0.6
   1273     0.2     1.1      0.082  I   O   |       |       |       |      0.6
   1274     0.2     1.0      0.081  I   O   |       |       |       |      0.6
   1275     0.1     1.0      0.080  I   O   |       |       |       |      0.6
   1276     0.2     1.0      0.078  I   O   |       |       |       |      0.6
   1277     0.1     1.0      0.077  I   O   |       |       |       |      0.6
   1278     0.2     1.0      0.076  I   O   |       |       |       |      0.5
   1279     0.1     1.0      0.075  I   O   |       |       |       |      0.5
   1280     0.2     0.9      0.074  I  O    |       |       |       |      0.5
   1281     0.1     0.9      0.073  I  O    |       |       |       |      0.5
   1282     0.2     0.9      0.072  I  O    |       |       |       |      0.5
   1283     0.1     0.9      0.071  I  O    |       |       |       |      0.5
   1284     0.2     0.9      0.070  I  O    |       |       |       |      0.5
   1285     0.1     0.9      0.069  I  O    |       |       |       |      0.5
   1286     0.2     0.9      0.068  I  O    |       |       |       |      0.5
   1287     0.1     0.9      0.067  I  O    |       |       |       |      0.5
   1288     0.2     0.8      0.066  I  O    |       |       |       |      0.5
   1289     0.1     0.8      0.065  I  O    |       |       |       |      0.5
   1290     0.2     0.8      0.064  I  O    |       |       |       |      0.5
   1291     0.1     0.8      0.063  I  O    |       |       |       |      0.4
   1292     0.2     0.8      0.062  I  O    |       |       |       |      0.4
   1293     0.1     0.8      0.061  I  O    |       |       |       |      0.4
   1294     0.2     0.8      0.060  I  O    |       |       |       |      0.4
   1295     0.1     0.8      0.059  I  O    |       |       |       |      0.4
   1296     0.1     0.8      0.058  I  O    |       |       |       |      0.4
   1297     0.1     0.7      0.058  I  O    |       |       |       |      0.4
   1298     0.1     0.7      0.057  I  O    |       |       |       |      0.4
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   1299     0.1     0.7      0.056  I O     |       |       |       |      0.4
   1300     0.1     0.7      0.055  I O     |       |       |       |      0.4
   1310     0.1     0.6      0.047  I O     |       |       |       |      0.3
   1320     0.1     0.5      0.041  I O     |       |       |       |      0.3
   1330     0.1     0.5      0.036  IO      |       |       |       |      0.3
   1340     0.1     0.4      0.031  IO      |       |       |       |      0.2
   1350     0.1     0.4      0.027  IO      |       |       |       |      0.2
   1360     0.1     0.3      0.024  IO      |       |       |       |      0.2
   1370     0.1     0.3      0.021  IO      |       |       |       |      0.2
   1380     0.1     0.2      0.019  IO      |       |       |       |      0.1
   1390     0.1     0.2      0.017  O       |       |       |       |      0.1
   1400     0.1     0.2      0.016  O       |       |       |       |      0.1
   1420     0.1     0.2      0.013  O       |       |       |       |      0.1
   1440     0.1     0.2      0.012  O       |       |       |       |      0.1
   1460     0.0     0.1      0.009  O       |       |       |       |      0.1
   1500     0.1     0.1      0.007  O       |       |       |       |      0.0

Remaining water in basin =    0.01 (Ac.Ft)
Peak flow out of basin =     1.83(CFS)
Peak flow time = 1171 Min., time interval # = 57
Maximum depth in basin =    1.28(Ft.)

Hydrograph Detention Basin Routing
Hydrograph at 5 439 A Storm Day: 3 Drainage Area =   19.10
Total flood hydrograph volume this storm day =    0.39 Ac. Ft.
---------------------------------------------------------------------

Graph values: 'I'= unit inflow; 'O'=outflow at time shown
---------------------------------------------------------------------

  Time   Inflow  Outflow    Storage                                     Depth 
  (Min)  (CFS)   (CFS)     (Ac.Ft) .0       1.9     3.9     5.8     7.7 (Ft.)
      0     0.0     0.1      0.007  O       |       |       |       |      0.0
    100     0.0     0.0      0.001  O       |       |       |       |      0.0
    200     0.0     0.0      0.000  O       |       |       |       |      0.0
    300     0.0     0.0      0.000  O       |       |       |       |      0.0
    400     0.0     0.0      0.000  O       |       |       |       |      0.0
    500     0.0     0.0      0.000  O       |       |       |       |      0.0
    600     0.0     0.0      0.000  O       |       |       |       |      0.0
    700     0.0     0.0      0.000  O       |       |       |       |      0.0
    800     0.0     0.0      0.000  O       |       |       |       |      0.0
    900     0.2     0.1      0.008  O       |       |       |       |      0.1
   1000     0.2     0.2      0.014  O       |       |       |       |      0.1
   1050     0.3     0.2      0.018  OI      |       |       |       |      0.1
   1100     0.3     0.3      0.021  |O      |       |       |       |      0.2
   1110     0.7     0.3      0.024  |OI     |       |       |       |      0.2
   1120     1.1     0.4      0.032  |O  I   |       |       |       |      0.2
   1130     1.5     0.6      0.044  | O   I |       |       |       |      0.3
   1131     1.5     0.6      0.045  | O   I |       |       |       |      0.3
   1132     1.6     0.6      0.046  | O   I |       |       |       |      0.3
   1133     1.6     0.6      0.048  | O   I |       |       |       |      0.3
   1134     1.6     0.6      0.049  | O   I |       |       |       |      0.3
   1135     1.7     0.6      0.050  | O    I|       |       |       |      0.4
   1136     1.8     0.7      0.052  | O    I|       |       |       |      0.4
   1137     1.9     0.7      0.054  | O    I|       |       |       |      0.4
   1138     2.0     0.7      0.055  | O     I       |       |       |      0.4
   1139     2.0     0.7      0.057  |  O    I       |       |       |      0.4
   1140     2.1     0.8      0.059  |  O    I       |       |       |      0.4
   1141     2.2     0.8      0.061  |  O    |I      |       |       |      0.4
   1142     2.3     0.8      0.063  |  O    |I      |       |       |      0.5
   1143     2.3     0.8      0.065  |  O    |I      |       |       |      0.5
   1144     2.5     0.9      0.067  |  O    | I     |       |       |      0.5
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   1145     2.6     0.9      0.070  |  O    | I     |       |       |      0.5
   1146     2.7     0.9      0.072  |  O    |  I    |       |       |      0.5
   1147     2.9     1.0      0.075  |   O   |   I   |       |       |      0.5
   1148     3.0     1.0      0.078  |   O   |   I   |       |       |      0.6
   1149     3.2     1.0      0.081  |   O   |    I  |       |       |      0.6
   1150     3.6     1.1      0.084  |   O   |     I |       |       |      0.6
   1151     4.2     1.1      0.088  |   O   |       |I      |       |      0.6
   1152     4.8     1.2      0.093  |   O   |       |  I    |       |      0.7
   1153     5.5     1.3      0.099  |    O  |       |     I |       |      0.7
   1154     6.1     1.4      0.106  |    O  |       |       |I      |      0.8
   1155     6.5     1.5      0.113  |     O |       |       |  I    |      0.8
   1156     6.6     1.5      0.120  |     O |       |       |  I    |      0.9
   1157     6.5     1.6      0.127  |     O |       |       |  I    |      0.9
   1158     6.1     1.7      0.133  |      O|       |       |I      |      0.9
   1159     5.5     1.8      0.138  |      O|       |     I |       |      1.0
   1160     4.9     1.8      0.142  |      O|       |   I   |       |      1.0
   1161     4.3     1.8      0.146  |      O|       |I      |       |      1.0
   1162     3.7     1.8      0.148  |      O|      I|       |       |      1.0
   1163     3.3     1.8      0.150  |      O|    I  |       |       |      1.1
   1164     2.9     1.8      0.152  |      O|   I   |       |       |      1.1
   1165     2.6     1.8      0.153  |      O| I     |       |       |      1.1
   1166     2.3     1.8      0.154  |      O|I      |       |       |      1.1
   1167     2.1     1.8      0.154  |      OI       |       |       |      1.1
   1168     2.0     1.8      0.154  |      OI       |       |       |      1.1
   1169     1.8     1.8      0.154  |      O|       |       |       |      1.1
   1170     1.7     1.8      0.154  |      O|       |       |       |      1.1
   1171     1.7     1.8      0.154  |      O|       |       |       |      1.1
   1172     1.6     1.8      0.154  |     IO|       |       |       |      1.1
   1173     1.5     1.8      0.153  |     IO|       |       |       |      1.1
   1174     1.5     1.8      0.153  |     IO|       |       |       |      1.1
   1175     1.5     1.8      0.152  |     IO|       |       |       |      1.1
   1176     1.4     1.8      0.152  |    I O|       |       |       |      1.1
   1177     1.4     1.8      0.151  |    I O|       |       |       |      1.1
   1178     1.4     1.8      0.151  |    I O|       |       |       |      1.1
   1179     1.3     1.8      0.150  |    I O|       |       |       |      1.1
   1180     1.3     1.8      0.149  |    I O|       |       |       |      1.1
   1181     1.3     1.8      0.149  |    I O|       |       |       |      1.1
   1182     1.2     1.8      0.148  |   I  O|       |       |       |      1.0
   1183     1.1     1.8      0.147  |   I  O|       |       |       |      1.0
   1184     1.1     1.8      0.146  |   I  O|       |       |       |      1.0
   1185     1.1     1.8      0.145  |   I  O|       |       |       |      1.0
   1186     1.1     1.8      0.144  |   I  O|       |       |       |      1.0
   1187     1.0     1.8      0.143  |   I  O|       |       |       |      1.0
   1188     1.0     1.8      0.142  |   I  O|       |       |       |      1.0
   1189     1.0     1.8      0.141  |   I  O|       |       |       |      1.0
   1190     0.9     1.8      0.139  |  I   O|       |       |       |      1.0
   1191     0.9     1.8      0.138  |  I   O|       |       |       |      1.0
   1192     0.9     1.8      0.137  |  I   O|       |       |       |      1.0
   1193     0.9     1.7      0.136  |  I   O|       |       |       |      1.0
   1194     0.9     1.7      0.135  |  I   O|       |       |       |      1.0
   1195     0.9     1.7      0.134  |  I   O|       |       |       |      1.0
   1196     0.9     1.7      0.132  |  I   O|       |       |       |      0.9
   1197     0.9     1.7      0.131  |  I   O|       |       |       |      0.9
   1198     0.8     1.7      0.130  |  I  O |       |       |       |      0.9
   1199     0.8     1.7      0.129  |  I  O |       |       |       |      0.9
   1200     0.8     1.6      0.128  |  I  O |       |       |       |      0.9
   1201     0.8     1.6      0.127  |  I  O |       |       |       |      0.9
   1202     0.8     1.6      0.125  |  I  O |       |       |       |      0.9
   1203     0.8     1.6      0.124  |  I  O |       |       |       |      0.9
   1204     0.8     1.6      0.123  |  I  O |       |       |       |      0.9
   1205     0.8     1.6      0.122  |  I  O |       |       |       |      0.9
   1206     0.8     1.6      0.121  |  I  O |       |       |       |      0.9
   1207     0.8     1.5      0.120  |  I  O |       |       |       |      0.9
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   1208     0.7     1.5      0.119  | I   O |       |       |       |      0.8
   1209     0.7     1.5      0.118  | I   O |       |       |       |      0.8
   1210     0.7     1.5      0.117  | I   O |       |       |       |      0.8
   1211     0.7     1.5      0.116  | I   O |       |       |       |      0.8
   1212     0.7     1.5      0.115  | I   O |       |       |       |      0.8
   1213     0.7     1.5      0.114  | I   O |       |       |       |      0.8
   1214     0.7     1.4      0.112  | I   O |       |       |       |      0.8
   1215     0.7     1.4      0.111  | I  O  |       |       |       |      0.8
   1216     0.7     1.4      0.110  | I  O  |       |       |       |      0.8
   1217     0.7     1.4      0.109  | I  O  |       |       |       |      0.8
   1218     0.7     1.4      0.109  | I  O  |       |       |       |      0.8
   1219     0.7     1.4      0.108  | I  O  |       |       |       |      0.8
   1220     0.7     1.4      0.107  | I  O  |       |       |       |      0.8
   1221     0.6     1.4      0.106  | I  O  |       |       |       |      0.8
   1222     0.6     1.3      0.105  | I  O  |       |       |       |      0.7
   1223     0.6     1.3      0.104  | I  O  |       |       |       |      0.7
   1224     0.6     1.3      0.103  | I  O  |       |       |       |      0.7
   1225     0.6     1.3      0.102  | I  O  |       |       |       |      0.7
   1226     0.6     1.3      0.101  | I  O  |       |       |       |      0.7
   1227     0.6     1.3      0.100  | I  O  |       |       |       |      0.7
   1228     0.6     1.3      0.099  | I  O  |       |       |       |      0.7
   1229     0.6     1.3      0.098  | I  O  |       |       |       |      0.7
   1230     0.6     1.2      0.097  | I  O  |       |       |       |      0.7
   1231     0.6     1.2      0.096  | I  O  |       |       |       |      0.7
   1232     0.5     1.2      0.095  | I  O  |       |       |       |      0.7
   1233     0.5     1.2      0.094  | I  O  |       |       |       |      0.7
   1234     0.5     1.2      0.093  | I O   |       |       |       |      0.7
   1235     0.5     1.2      0.092  | I O   |       |       |       |      0.7
   1236     0.5     1.2      0.091  | I O   |       |       |       |      0.7
   1237     0.5     1.2      0.090  | I O   |       |       |       |      0.6
   1238     0.5     1.1      0.089  | I O   |       |       |       |      0.6
   1239     0.5     1.1      0.088  | I O   |       |       |       |      0.6
   1240     0.5     1.1      0.088  | I O   |       |       |       |      0.6
   1241     0.5     1.1      0.087  | I O   |       |       |       |      0.6
   1242     0.5     1.1      0.086  | I O   |       |       |       |      0.6
   1243     0.5     1.1      0.085  | I O   |       |       |       |      0.6
   1244     0.4     1.1      0.084  |I  O   |       |       |       |      0.6
   1245     0.4     1.1      0.083  |I  O   |       |       |       |      0.6
   1246     0.4     1.1      0.082  |I  O   |       |       |       |      0.6
   1247     0.4     1.0      0.081  |I  O   |       |       |       |      0.6
   1248     0.4     1.0      0.080  |I  O   |       |       |       |      0.6
   1249     0.4     1.0      0.080  |I  O   |       |       |       |      0.6
   1250     0.4     1.0      0.079  |I  O   |       |       |       |      0.6
   1251     0.4     1.0      0.078  |I  O   |       |       |       |      0.6
   1252     0.4     1.0      0.077  |I  O   |       |       |       |      0.6
   1253     0.4     1.0      0.076  |I  O   |       |       |       |      0.5
   1254     0.4     1.0      0.076  |I  O   |       |       |       |      0.5
   1255     0.4     1.0      0.075  |I O    |       |       |       |      0.5
   1256     0.4     1.0      0.074  |I O    |       |       |       |      0.5
   1257     0.4     0.9      0.073  |I O    |       |       |       |      0.5
   1258     0.4     0.9      0.072  |I O    |       |       |       |      0.5
   1259     0.4     0.9      0.072  |I O    |       |       |       |      0.5
   1260     0.4     0.9      0.071  |I O    |       |       |       |      0.5
   1261     0.4     0.9      0.070  |I O    |       |       |       |      0.5
   1262     0.3     0.9      0.070  |I O    |       |       |       |      0.5
   1263     0.2     0.9      0.069  I  O    |       |       |       |      0.5
   1264     0.3     0.9      0.068  |I O    |       |       |       |      0.5
   1265     0.2     0.9      0.067  I  O    |       |       |       |      0.5
   1266     0.1     0.8      0.066  I  O    |       |       |       |      0.5
   1267     0.2     0.8      0.065  I  O    |       |       |       |      0.5
   1268     0.0     0.8      0.064  I  O    |       |       |       |      0.5
   1269     0.1     0.8      0.063  I  O    |       |       |       |      0.4
   1270     0.0     0.8      0.062  I  O    |       |       |       |      0.4
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   1271     0.0     0.8      0.061  I  O    |       |       |       |      0.4
   1272     0.0     0.8      0.060  I  O    |       |       |       |      0.4
   1273     0.0     0.8      0.059  I  O    |       |       |       |      0.4
   1274     0.0     0.7      0.057  I  O    |       |       |       |      0.4
   1275     0.0     0.7      0.056  I  O    |       |       |       |      0.4
   1276     0.0     0.7      0.055  I O     |       |       |       |      0.4
   1277     0.0     0.7      0.055  I O     |       |       |       |      0.4
   1278     0.0     0.7      0.054  I O     |       |       |       |      0.4
   1279     0.0     0.7      0.053  I O     |       |       |       |      0.4
   1280     0.0     0.7      0.052  I O     |       |       |       |      0.4
   1281     0.0     0.7      0.051  I O     |       |       |       |      0.4
   1282     0.0     0.6      0.050  I O     |       |       |       |      0.4
   1283     0.0     0.6      0.049  I O     |       |       |       |      0.4
   1284     0.0     0.6      0.048  I O     |       |       |       |      0.3
   1285     0.0     0.6      0.047  I O     |       |       |       |      0.3
   1286     0.0     0.6      0.046  I O     |       |       |       |      0.3
   1287     0.0     0.6      0.046  I O     |       |       |       |      0.3
   1288     0.0     0.6      0.045  I O     |       |       |       |      0.3
   1289     0.0     0.6      0.044  I O     |       |       |       |      0.3
   1290     0.0     0.6      0.043  I O     |       |       |       |      0.3
   1291     0.0     0.5      0.043  I O     |       |       |       |      0.3
   1292     0.0     0.5      0.042  I O     |       |       |       |      0.3
   1293     0.0     0.5      0.041  I O     |       |       |       |      0.3
   1294     0.0     0.5      0.040  I O     |       |       |       |      0.3
   1295     0.0     0.5      0.040  I O     |       |       |       |      0.3
   1296     0.0     0.5      0.039  I O     |       |       |       |      0.3
   1297     0.0     0.5      0.038  I O     |       |       |       |      0.3
   1298     0.0     0.5      0.038  I O     |       |       |       |      0.3
   1299     0.0     0.5      0.037  IO      |       |       |       |      0.3
   1300     0.0     0.5      0.036  IO      |       |       |       |      0.3
   1310     0.0     0.4      0.030  IO      |       |       |       |      0.2
   1320     0.0     0.3      0.025  IO      |       |       |       |      0.2
   1330     0.0     0.3      0.021  IO      |       |       |       |      0.2
   1340     0.0     0.2      0.018  O       |       |       |       |      0.1
   1350     0.0     0.2      0.015  O       |       |       |       |      0.1
   1360     0.0     0.2      0.013  O       |       |       |       |      0.1
   1370     0.0     0.1      0.011  O       |       |       |       |      0.1
   1380     0.0     0.1      0.009  O       |       |       |       |      0.1
   1390     0.0     0.1      0.007  O       |       |       |       |      0.1
   1400     0.0     0.1      0.006  O       |       |       |       |      0.0
   1420     0.0     0.1      0.004  O       |       |       |       |      0.0
   1440     0.0     0.0      0.003  O       |       |       |       |      0.0
   1460     0.0     0.0      0.002  O       |       |       |       |      0.0
   1500     0.0     0.0      0.001  O       |       |       |       |      0.0

Remaining water in basin =    0.00 (Ac.Ft)
Peak flow out of basin =     1.81(CFS)
Peak flow time = 1168 Min., time interval # = 54
Maximum depth in basin =    1.08(Ft.)

Hydrograph Detention Basin Routing
Hydrograph at 5 439 A Storm Day: 4 Drainage Area =   19.10
Total flood hydrograph volume this storm day =    2.36 Ac. Ft.
---------------------------------------------------------------------

Graph values: 'I'= unit inflow; 'O'=outflow at time shown
---------------------------------------------------------------------

  Time   Inflow  Outflow    Storage                                     Depth 
  (Min)  (CFS)   (CFS)     (Ac.Ft) .0       7.6    15.2    22.8    30.4 (Ft.)
      0     0.0     0.0      0.001  O       |       |       |       |      0.0
    100     0.3     0.2      0.013  O       |       |       |       |      0.1
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    200     0.3     0.3      0.022  O       |       |       |       |      0.2
    300     0.3     0.3      0.023  O       |       |       |       |      0.2
    400     0.3     0.3      0.023  O       |       |       |       |      0.2
    500     0.3     0.3      0.023  O       |       |       |       |      0.2
    600     0.4     0.4      0.027  O       |       |       |       |      0.2
    700     0.7     0.6      0.043  O       |       |       |       |      0.3
    800     0.8     0.7      0.057  O       |       |       |       |      0.4
    900     1.3     1.1      0.082  |O      |       |       |       |      0.6
   1000     2.0     1.6      0.127  |OI     |       |       |       |      0.9
   1050     2.4     1.8      0.158  |OI     |       |       |       |      1.1
   1100     3.3     1.9      0.228  |O I    |       |       |       |      1.5
   1110     3.9     1.9      0.253  |O  I   |       |       |       |      1.6
   1120     4.6     1.9      0.286  |O  I   |       |       |       |      1.8
   1130     5.3     2.1      0.327  | O  I  |       |       |       |      2.0
   1131     5.3     2.2      0.332  | O  I  |       |       |       |      2.1
   1132     5.4     2.2      0.336  | O  I  |       |       |       |      2.1
   1133     5.5     2.2      0.341  | O  I  |       |       |       |      2.1
   1134     5.6     2.2      0.345  | O  I  |       |       |       |      2.1
   1135     5.8     2.3      0.350  | O   I |       |       |       |      2.1
   1136     5.9     2.3      0.355  | O   I |       |       |       |      2.2
   1137     6.1     2.3      0.360  | O   I |       |       |       |      2.2
   1138     6.3     2.3      0.366  | O   I |       |       |       |      2.2
   1139     6.5     2.4      0.372  | O   I |       |       |       |      2.2
   1140     6.7     2.4      0.377  | O    I|       |       |       |      2.2
   1141     6.9     2.4      0.384  | O    I|       |       |       |      2.3
   1142     7.1     2.5      0.390  | O    I|       |       |       |      2.3
   1143     7.4     2.5      0.397  | O    I|       |       |       |      2.3
   1144     7.6     2.5      0.404  | O    I|       |       |       |      2.4
   1145     7.9     2.6      0.411  | O     I       |       |       |      2.4
   1146     8.3     2.6      0.419  | O     I       |       |       |      2.4
   1147     8.7     2.7      0.427  | O     |I      |       |       |      2.5
   1148     9.2     2.7      0.436  | O     |I      |       |       |      2.5
   1149    10.1     2.8      0.447  | O     | I     |       |       |      2.6
   1150    11.9     2.8      0.459  | O     |   I   |       |       |      2.6
   1151    14.9     2.9      0.476  |  O    |      I|       |       |      2.7
   1152    19.1     3.0      0.498  |  O    |       |   I   |       |      2.8
   1153    24.2     3.2      0.527  |  O    |       |       |I      |      2.9
   1154    28.3     4.1      0.561  |   O   |       |       |    I  |      3.0
   1155    30.4     6.7      0.595  |      O|       |       |      I|      3.2
   1156    29.9     9.1      0.626  |       |O      |       |      I|      3.3
   1157    26.8    10.8      0.649  |       |  O    |       |   I   |      3.4
   1158    22.5    12.0      0.664  |       |   O   |      I|       |      3.4
   1159    18.3    12.6      0.672  |       |    O  |  I    |       |      3.4
   1160    14.6    12.8      0.675  |       |    O I|       |       |      3.5
   1161    11.6    12.7      0.673  |       |   IO  |       |       |      3.4
   1162     9.6    12.4      0.669  |       | I  O  |       |       |      3.4
   1163     8.2    12.0      0.664  |       I   O   |       |       |      3.4
   1164     7.1    11.5      0.657  |      I|   O   |       |       |      3.4
   1165     6.3    11.0      0.651  |     I |  O    |       |       |      3.4
   1166     5.7    10.4      0.644  |     I | O     |       |       |      3.3
   1167     5.3     9.9      0.637  |    I  | O     |       |       |      3.3
   1168     4.9     9.4      0.630  |    I  |O      |       |       |      3.3
   1169     4.6     8.9      0.624  |   I   |O      |       |       |      3.3
   1170     4.4     8.5      0.618  |   I   O       |       |       |      3.2
   1171     4.2     8.1      0.613  |   I   O       |       |       |      3.2
   1172     4.1     7.7      0.607  |   I   O       |       |       |      3.2
   1173     3.9     7.3      0.602  |   I  O|       |       |       |      3.2
   1174     3.8     6.9      0.598  |  I   O|       |       |       |      3.2
   1175     3.7     6.6      0.594  |  I  O |       |       |       |      3.2
   1176     3.6     6.3      0.590  |  I  O |       |       |       |      3.1
   1177     3.5     6.0      0.586  |  I  O |       |       |       |      3.1
   1178     3.4     5.8      0.583  |  I  O |       |       |       |      3.1
   1179     3.3     5.5      0.579  |  I O  |       |       |       |      3.1
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   1180     3.2     5.3      0.576  |  I O  |       |       |       |      3.1
   1181     3.2     5.1      0.573  |  I O  |       |       |       |      3.1
   1182     3.1     4.9      0.571  |  I O  |       |       |       |      3.1
   1183     3.1     4.7      0.569  |  IO   |       |       |       |      3.1
   1184     3.0     4.5      0.566  |  IO   |       |       |       |      3.1
   1185     2.9     4.4      0.564  |  IO   |       |       |       |      3.1
   1186     2.9     4.2      0.562  |  IO   |       |       |       |      3.0
   1187     2.8     4.1      0.560  | I O   |       |       |       |      3.0
   1188     2.8     4.0      0.559  | I O   |       |       |       |      3.0
   1189     2.8     3.8      0.557  | I O   |       |       |       |      3.0
   1190     2.7     3.7      0.556  | IO    |       |       |       |      3.0
   1191     2.7     3.6      0.554  | IO    |       |       |       |      3.0
   1192     2.6     3.5      0.553  | IO    |       |       |       |      3.0
   1193     2.6     3.4      0.552  | IO    |       |       |       |      3.0
   1194     2.6     3.3      0.551  | IO    |       |       |       |      3.0
   1195     2.5     3.3      0.550  | IO    |       |       |       |      3.0
   1196     2.5     3.3      0.548  | IO    |       |       |       |      3.0
   1197     2.5     3.3      0.547  | IO    |       |       |       |      3.0
   1198     2.4     3.3      0.546  | IO    |       |       |       |      3.0
   1199     2.4     3.3      0.545  | IO    |       |       |       |      3.0
   1200     2.4     3.3      0.544  | IO    |       |       |       |      3.0
   1201     2.4     3.3      0.543  | IO    |       |       |       |      3.0
   1202     2.3     3.3      0.541  | IO    |       |       |       |      3.0
   1203     2.2     3.2      0.540  | IO    |       |       |       |      3.0
   1204     2.2     3.2      0.538  | IO    |       |       |       |      2.9
   1205     2.2     3.2      0.537  | IO    |       |       |       |      2.9
   1206     2.2     3.2      0.535  | IO    |       |       |       |      2.9
   1207     2.1     3.2      0.534  | IO    |       |       |       |      2.9
   1208     2.1     3.2      0.532  | IO    |       |       |       |      2.9
   1209     2.1     3.2      0.531  | IO    |       |       |       |      2.9
   1210     2.1     3.2      0.529  | IO    |       |       |       |      2.9
   1211     2.1     3.2      0.528  | IO    |       |       |       |      2.9
   1212     2.1     3.2      0.526  | IO    |       |       |       |      2.9
   1213     2.0     3.2      0.525  | IO    |       |       |       |      2.9
   1214     2.0     3.2      0.523  | IO    |       |       |       |      2.9
   1215     2.0     3.2      0.522  | IO    |       |       |       |      2.9
   1216     2.0     3.1      0.520  | IO    |       |       |       |      2.9
   1217     2.0     3.1      0.518  | IO    |       |       |       |      2.9
   1218     2.0     3.1      0.517  | IO    |       |       |       |      2.9
   1219     1.9     3.1      0.515  |I O    |       |       |       |      2.8
   1220     1.9     3.1      0.514  |I O    |       |       |       |      2.8
   1221     1.9     3.1      0.512  |I O    |       |       |       |      2.8
   1222     1.9     3.1      0.510  |I O    |       |       |       |      2.8
   1223     1.9     3.1      0.509  |I O    |       |       |       |      2.8
   1224     1.8     3.1      0.507  |I O    |       |       |       |      2.8
   1225     1.8     3.1      0.505  |I O    |       |       |       |      2.8
   1226     1.8     3.1      0.503  |I O    |       |       |       |      2.8
   1227     1.8     3.0      0.502  |I O    |       |       |       |      2.8
   1228     1.7     3.0      0.500  |I O    |       |       |       |      2.8
   1229     1.7     3.0      0.498  |I O    |       |       |       |      2.8
   1230     1.7     3.0      0.496  |I O    |       |       |       |      2.8
   1231     1.7     3.0      0.494  |I O    |       |       |       |      2.8
   1232     1.7     3.0      0.492  |I O    |       |       |       |      2.7
   1233     1.7     3.0      0.491  |I O    |       |       |       |      2.7
   1234     1.7     3.0      0.489  |I O    |       |       |       |      2.7
   1235     1.6     3.0      0.487  |I O    |       |       |       |      2.7
   1236     1.6     3.0      0.485  |I O    |       |       |       |      2.7
   1237     1.6     3.0      0.483  |I O    |       |       |       |      2.7
   1238     1.5     2.9      0.481  |I O    |       |       |       |      2.7
   1239     1.5     2.9      0.479  |I O    |       |       |       |      2.7
   1240     1.5     2.9      0.477  |I O    |       |       |       |      2.7
   1241     1.5     2.9      0.475  |I O    |       |       |       |      2.7
   1242     1.5     2.9      0.473  |I O    |       |       |       |      2.7
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   1243     1.5     2.9      0.472  |I O    |       |       |       |      2.7
   1244     1.4     2.9      0.469  |I O    |       |       |       |      2.6
   1245     1.4     2.9      0.467  |I O    |       |       |       |      2.6
   1246     1.4     2.9      0.465  |I O    |       |       |       |      2.6
   1247     1.4     2.8      0.463  |IO     |       |       |       |      2.6
   1248     1.4     2.8      0.461  |IO     |       |       |       |      2.6
   1249     1.4     2.8      0.459  |IO     |       |       |       |      2.6
   1250     1.4     2.8      0.458  |IO     |       |       |       |      2.6
   1251     1.3     2.8      0.455  |IO     |       |       |       |      2.6
   1252     1.3     2.8      0.453  |IO     |       |       |       |      2.6
   1253     1.3     2.8      0.451  |IO     |       |       |       |      2.6
   1254     1.3     2.8      0.449  |IO     |       |       |       |      2.6
   1255     1.3     2.8      0.447  |IO     |       |       |       |      2.6
   1256     1.3     2.8      0.445  |IO     |       |       |       |      2.5
   1257     1.3     2.7      0.443  |IO     |       |       |       |      2.5
   1258     1.3     2.7      0.441  |IO     |       |       |       |      2.5
   1259     1.3     2.7      0.439  |IO     |       |       |       |      2.5
   1260     1.3     2.7      0.437  |IO     |       |       |       |      2.5
   1261     1.3     2.7      0.435  |IO     |       |       |       |      2.5
   1262     1.3     2.7      0.433  |IO     |       |       |       |      2.5
   1263     1.2     2.7      0.431  |IO     |       |       |       |      2.5
   1264     1.2     2.7      0.429  |IO     |       |       |       |      2.5
   1265     1.2     2.7      0.427  |IO     |       |       |       |      2.5
   1266     1.2     2.6      0.425  |IO     |       |       |       |      2.5
   1267     1.2     2.6      0.423  |IO     |       |       |       |      2.4
   1268     1.1     2.6      0.421  |IO     |       |       |       |      2.4
   1269     1.1     2.6      0.419  |IO     |       |       |       |      2.4
   1270     1.1     2.6      0.417  |IO     |       |       |       |      2.4
   1271     1.1     2.6      0.415  |IO     |       |       |       |      2.4
   1272     1.1     2.6      0.413  |IO     |       |       |       |      2.4
   1273     1.1     2.6      0.411  |IO     |       |       |       |      2.4
   1274     1.1     2.6      0.409  |IO     |       |       |       |      2.4
   1275     1.1     2.6      0.407  |IO     |       |       |       |      2.4
   1276     1.1     2.5      0.405  |IO     |       |       |       |      2.4
   1277     1.0     2.5      0.403  |IO     |       |       |       |      2.4
   1278     1.0     2.5      0.401  |IO     |       |       |       |      2.4
   1279     1.0     2.5      0.399  |IO     |       |       |       |      2.3
   1280     1.0     2.5      0.397  |IO     |       |       |       |      2.3
   1281     1.0     2.5      0.394  |IO     |       |       |       |      2.3
   1282     1.0     2.5      0.392  |IO     |       |       |       |      2.3
   1283     0.9     2.5      0.390  I O     |       |       |       |      2.3
   1284     0.9     2.5      0.388  I O     |       |       |       |      2.3
   1285     0.9     2.4      0.386  I O     |       |       |       |      2.3
   1286     0.9     2.4      0.384  I O     |       |       |       |      2.3
   1287     0.9     2.4      0.382  I O     |       |       |       |      2.3
   1288     0.9     2.4      0.380  I O     |       |       |       |      2.3
   1289     0.9     2.4      0.378  I O     |       |       |       |      2.3
   1290     0.8     2.4      0.375  I O     |       |       |       |      2.2
   1291     0.8     2.4      0.373  I O     |       |       |       |      2.2
   1292     0.8     2.4      0.371  I O     |       |       |       |      2.2
   1293     0.8     2.4      0.369  I O     |       |       |       |      2.2
   1294     0.8     2.3      0.367  I O     |       |       |       |      2.2
   1295     0.8     2.3      0.365  I O     |       |       |       |      2.2
   1296     0.8     2.3      0.363  I O     |       |       |       |      2.2
   1297     0.8     2.3      0.360  I O     |       |       |       |      2.2
   1298     0.8     2.3      0.358  I O     |       |       |       |      2.2
   1299     0.8     2.3      0.356  I O     |       |       |       |      2.2
   1300     0.8     2.3      0.354  I O     |       |       |       |      2.1
   1310     0.7     2.2      0.334  I O     |       |       |       |      2.1
   1320     0.6     2.0      0.314  I O     |       |       |       |      2.0
   1330     0.6     1.9      0.295  IO      |       |       |       |      1.9
   1340     0.5     1.9      0.277  IO      |       |       |       |      1.8
   1350     0.5     1.9      0.258  IO      |       |       |       |      1.7
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   1360     0.5     1.9      0.239  IO      |       |       |       |      1.6
   1370     0.4     1.8      0.219  IO      |       |       |       |      1.5
   1380     0.5     1.8      0.200  IO      |       |       |       |      1.3
   1390     0.4     1.8      0.181  IO      |       |       |       |      1.2
   1400     0.3     1.8      0.161  IO      |       |       |       |      1.1
   1420     0.4     1.6      0.122  IO      |       |       |       |      0.9
   1440     0.3     1.2      0.094  IO      |       |       |       |      0.7
   1460     0.3     0.9      0.073  O       |       |       |       |      0.5
   1500     0.3     0.6      0.047  O       |       |       |       |      0.3

Remaining water in basin =    0.05 (Ac.Ft)
Peak flow out of basin =    12.81(CFS)
Peak flow time = 1160 Min., time interval # = 46
Maximum depth in basin =    3.45(Ft.)
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  CIVILCADD/CIVILDESIGN  Engineering Software, (c) 1997-2004 Version 6.4  
-------------------------------------------------------------------- 
Study Date : 02/20/13 Input hydrograph file name : ms025p.HYD
Output hydrograph file name: msdet025.hin
 

User entry of depth-outflow-storage data
--------------------------------------------------------------------
Hydrograph time unit varies
Initial depth in storage basin =   0.00(Ft.)
--------------------------------------------------------------------
--------------------------------------------------------------------
Initial basin depth =   0.00 (Ft.)
Initial basin storage =      0.00 (Ac.Ft)
Initial basin outflow =   0.00 (CFS)
---------------------------------------------------------------------
--------------------------------------------------------------------
Depth vs. Storage and Depth vs. Discharge data @ 1 Min. Intervals:
 Basin Depth  Storage    Outflow   (S-O*dt/2)   (S+O*dt/2)
     (Ft.)    (Ac.Ft)    (CFS)     (Ac.Ft)    (Ac.Ft)
---------------------------------------------------------------------

          0.000      0.000      0.000      0.000        0.000
          1.000      0.140      1.800      0.139        0.141
          1.920      0.300      1.900      0.299        0.301
          2.000      0.320      2.100      0.319        0.321
          3.000      0.550      3.300      0.548        0.552
          3.470      0.680     13.200      0.671        0.689
          3.600      0.710     17.000      0.698        0.722
          3.900      0.800     26.900      0.781        0.819
          4.000      0.830     30.000      0.809        0.851

--------------------------------------------------------------------
Hydrograph Detention Basin Routing

Hydrograph at 5 439 A Storm Day: 1 Drainage Area =   19.10
Total flood hydrograph volume this storm day =    0.10 Ac. Ft.
---------------------------------------------------------------------

Graph values: 'I'= unit inflow; 'O'=outflow at time shown
---------------------------------------------------------------------

  Time   Inflow  Outflow    Storage                                     Depth 
  (Min)  (CFS)   (CFS)     (Ac.Ft) .0       0.5     0.9     1.4     1.9 (Ft.)
      0     0.0     0.0      0.000  O       |       |       |       |      0.0
    100     0.0     0.0      0.000  O       |       |       |       |      0.0
    200     0.0     0.0      0.000  O       |       |       |       |      0.0
    300     0.0     0.0      0.000  O       |       |       |       |      0.0
    400     0.0     0.0      0.000  O       |       |       |       |      0.0
    500     0.0     0.0      0.000  O       |       |       |       |      0.0
    600     0.0     0.0      0.000  O       |       |       |       |      0.0
    700     0.0     0.0      0.000  O       |       |       |       |      0.0
    800     0.0     0.0      0.000  O       |       |       |       |      0.0
    900     0.0     0.0      0.000  O       |       |       |       |      0.0
   1000     0.0     0.0      0.000  O       |       |       |       |      0.0
   1050     0.0     0.0      0.000  O       |       |       |       |      0.0
   1100     0.0     0.0      0.000  O       |       |       |       |      0.0
   1110     0.0     0.0      0.000  O       |       |       |       |      0.0
   1120     0.0     0.0      0.000  O       |       |       |       |      0.0
   1130     0.2     0.0      0.001  O  I    |       |       |       |      0.0
   1131     0.2     0.0      0.002  O  I    |       |       |       |      0.0
   1132     0.2     0.0      0.002  O  I    |       |       |       |      0.0
   1133     0.2     0.0      0.002  O  I    |       |       |       |      0.0
   1134     0.2     0.0      0.002  O  I    |       |       |       |      0.0
   1135     0.2     0.0      0.003  O  I    |       |       |       |      0.0
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   1136     0.2     0.0      0.003  O  I    |       |       |       |      0.0
   1137     0.2     0.0      0.003  O  I    |       |       |       |      0.0
   1138     0.2     0.0      0.003  O  I    |       |       |       |      0.0
   1139     0.2     0.0      0.004  O  I    |       |       |       |      0.0
   1140     0.3     0.0      0.004  O    I  |       |       |       |      0.0
   1141     0.3     0.1      0.004  O    I  |       |       |       |      0.0
   1142     0.3     0.1      0.005  O    I  |       |       |       |      0.0
   1143     0.3     0.1      0.005  |O   I  |       |       |       |      0.0
   1144     0.3     0.1      0.005  |O   I  |       |       |       |      0.0
   1145     0.3     0.1      0.006  |O   I  |       |       |       |      0.0
   1146     0.3     0.1      0.006  |O   I  |       |       |       |      0.0
   1147     0.3     0.1      0.006  |O   I  |       |       |       |      0.0
   1148     0.4     0.1      0.007  |O    I |       |       |       |      0.0
   1149     0.5     0.1      0.007  |O      I       |       |       |      0.1
   1150     0.8     0.1      0.008  |O      |    I  |       |       |      0.1
   1151     0.9     0.1      0.009  |O      |      I|       |       |      0.1
   1152     1.1     0.1      0.011  | O     |       | I     |       |      0.1
   1153     1.4     0.2      0.012  | O     |       |      I|       |      0.1
   1154     1.6     0.2      0.014  |  O    |       |       | I     |      0.1
   1155     1.8     0.2      0.016  |  O    |       |       |     I |      0.1
   1156     1.9     0.2      0.019  |   O   |       |       |      I|      0.1
   1157     1.9     0.3      0.021  |   O   |       |       |      I|      0.2
   1158     1.9     0.3      0.023  |    O  |       |       |      I|      0.2
   1159     1.8     0.3      0.025  |    O  |       |       |     I |      0.2
   1160     1.7     0.3      0.027  |    O  |       |       |   I   |      0.2
   1161     1.5     0.4      0.029  |     O |       |       |I      |      0.2
   1162     1.4     0.4      0.030  |     O |       |      I|       |      0.2
   1163     1.3     0.4      0.031  |     O |       |    I  |       |      0.2
   1164     1.2     0.4      0.032  |      O|       |   I   |       |      0.2
   1165     1.1     0.4      0.033  |      O|       | I     |       |      0.2
   1166     1.1     0.4      0.034  |      O|       | I     |       |      0.2
   1167     1.0     0.5      0.035  |      O|       I       |       |      0.3
   1168     1.0     0.5      0.036  |      O|       I       |       |      0.3
   1169     0.9     0.5      0.036  |      O|      I|       |       |      0.3
   1170     0.9     0.5      0.037  |       O      I|       |       |      0.3
   1171     0.8     0.5      0.037  |       O    I  |       |       |      0.3
   1172     0.8     0.5      0.038  |       O    I  |       |       |      0.3
   1173     0.7     0.5      0.038  |       O  I    |       |       |      0.3
   1174     0.7     0.5      0.038  |       O  I    |       |       |      0.3
   1175     0.7     0.5      0.039  |       O  I    |       |       |      0.3
   1176     0.7     0.5      0.039  |       O  I    |       |       |      0.3
   1177     0.7     0.5      0.039  |       O  I    |       |       |      0.3
   1178     0.6     0.5      0.039  |       O I     |       |       |      0.3
   1179     0.6     0.5      0.040  |       O I     |       |       |      0.3
   1180     0.6     0.5      0.040  |       O I     |       |       |      0.3
   1181     0.6     0.5      0.040  |       O I     |       |       |      0.3
   1182     0.6     0.5      0.040  |       O I     |       |       |      0.3
   1183     0.6     0.5      0.040  |       O I     |       |       |      0.3
   1184     0.5     0.5      0.040  |       O       |       |       |      0.3
   1185     0.5     0.5      0.040  |       O       |       |       |      0.3
   1186     0.5     0.5      0.040  |       O       |       |       |      0.3
   1187     0.5     0.5      0.040  |       O       |       |       |      0.3
   1188     0.5     0.5      0.040  |       O       |       |       |      0.3
   1189     0.5     0.5      0.040  |       O       |       |       |      0.3
   1190     0.5     0.5      0.040  |       O       |       |       |      0.3
   1191     0.5     0.5      0.040  |       O       |       |       |      0.3
   1192     0.5     0.5      0.040  |       O       |       |       |      0.3
   1193     0.4     0.5      0.040  |     I O       |       |       |      0.3
   1194     0.4     0.5      0.040  |     I O       |       |       |      0.3
   1195     0.4     0.5      0.039  |     I O       |       |       |      0.3
   1196     0.4     0.5      0.039  |     I O       |       |       |      0.3
   1197     0.4     0.5      0.039  |     I O       |       |       |      0.3
   1198     0.4     0.5      0.039  |     I O       |       |       |      0.3
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   1199     0.4     0.5      0.039  |     I O       |       |       |      0.3
   1200     0.4     0.5      0.039  |     I O       |       |       |      0.3
   1201     0.4     0.5      0.039  |     I O       |       |       |      0.3
   1202     0.4     0.5      0.038  |     I O       |       |       |      0.3
   1203     0.4     0.5      0.038  |     I O       |       |       |      0.3
   1204     0.4     0.5      0.038  |     I O       |       |       |      0.3
   1205     0.4     0.5      0.038  |     I O       |       |       |      0.3
   1206     0.4     0.5      0.038  |     I O       |       |       |      0.3
   1207     0.4     0.5      0.038  |     I O       |       |       |      0.3
   1208     0.4     0.5      0.038  |     I O       |       |       |      0.3
   1209     0.4     0.5      0.038  |     I O       |       |       |      0.3
   1210     0.4     0.5      0.037  |     I O       |       |       |      0.3
   1211     0.4     0.5      0.037  |     I O       |       |       |      0.3
   1212     0.4     0.5      0.037  |     I O       |       |       |      0.3
   1213     0.3     0.5      0.037  |    I  O       |       |       |      0.3
   1214     0.3     0.5      0.037  |    I O|       |       |       |      0.3
   1215     0.3     0.5      0.037  |    I O|       |       |       |      0.3
   1216     0.3     0.5      0.036  |    I O|       |       |       |      0.3
   1217     0.3     0.5      0.036  |    I O|       |       |       |      0.3
   1218     0.3     0.5      0.036  |    I O|       |       |       |      0.3
   1219     0.3     0.5      0.036  |    I O|       |       |       |      0.3
   1220     0.3     0.5      0.035  |    I O|       |       |       |      0.3
   1221     0.3     0.5      0.035  |    I O|       |       |       |      0.3
   1222     0.3     0.4      0.035  |    I O|       |       |       |      0.2
   1223     0.3     0.4      0.035  |    I O|       |       |       |      0.2
   1224     0.3     0.4      0.035  |    I O|       |       |       |      0.2
   1225     0.3     0.4      0.034  |    I O|       |       |       |      0.2
   1226     0.3     0.4      0.034  |    I O|       |       |       |      0.2
   1227     0.3     0.4      0.034  |    I O|       |       |       |      0.2
   1228     0.3     0.4      0.034  |    I O|       |       |       |      0.2
   1229     0.3     0.4      0.034  |    I O|       |       |       |      0.2
   1230     0.3     0.4      0.033  |    I O|       |       |       |      0.2
   1231     0.3     0.4      0.033  |    I O|       |       |       |      0.2
   1232     0.3     0.4      0.033  |    I O|       |       |       |      0.2
   1233     0.3     0.4      0.033  |    I O|       |       |       |      0.2
   1234     0.3     0.4      0.033  |    I O|       |       |       |      0.2
   1235     0.3     0.4      0.033  |    I O|       |       |       |      0.2
   1236     0.3     0.4      0.032  |    I O|       |       |       |      0.2
   1237     0.3     0.4      0.032  |    IO |       |       |       |      0.2
   1238     0.3     0.4      0.032  |    IO |       |       |       |      0.2
   1239     0.3     0.4      0.032  |    IO |       |       |       |      0.2
   1240     0.3     0.4      0.032  |    IO |       |       |       |      0.2
   1241     0.3     0.4      0.032  |    IO |       |       |       |      0.2
   1242     0.3     0.4      0.032  |    IO |       |       |       |      0.2
   1243     0.2     0.4      0.031  |  I  O |       |       |       |      0.2
   1244     0.2     0.4      0.031  |  I  O |       |       |       |      0.2
   1245     0.1     0.4      0.031  |I    O |       |       |       |      0.2
   1246     0.1     0.4      0.030  |I    O |       |       |       |      0.2
   1247     0.1     0.4      0.030  |I    O |       |       |       |      0.2
   1248     0.1     0.4      0.029  |I    O |       |       |       |      0.2
   1249     0.1     0.4      0.029  |I    O |       |       |       |      0.2
   1250     0.1     0.4      0.029  |I    O |       |       |       |      0.2
   1251     0.1     0.4      0.028  |I    O |       |       |       |      0.2
   1252     0.1     0.4      0.028  |I    O |       |       |       |      0.2
   1253     0.1     0.4      0.028  |I   O  |       |       |       |      0.2
   1254     0.1     0.3      0.027  |I   O  |       |       |       |      0.2
   1255     0.1     0.3      0.027  |I   O  |       |       |       |      0.2
   1256     0.1     0.3      0.027  |I   O  |       |       |       |      0.2
   1257     0.1     0.3      0.026  |I   O  |       |       |       |      0.2
   1258     0.1     0.3      0.026  |I   O  |       |       |       |      0.2
   1259     0.1     0.3      0.026  |I   O  |       |       |       |      0.2
   1260     0.1     0.3      0.025  |I   O  |       |       |       |      0.2
   1261     0.1     0.3      0.025  |I   O  |       |       |       |      0.2
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   1262     0.1     0.3      0.025  |I   O  |       |       |       |      0.2
   1263     0.1     0.3      0.024  |I   O  |       |       |       |      0.2
   1264     0.1     0.3      0.024  |I   O  |       |       |       |      0.2
   1265     0.1     0.3      0.024  |I   O  |       |       |       |      0.2
   1266     0.1     0.3      0.023  |I   O  |       |       |       |      0.2
   1267     0.1     0.3      0.023  |I   O  |       |       |       |      0.2
   1268     0.1     0.3      0.023  |I  O   |       |       |       |      0.2
   1269     0.1     0.3      0.023  |I  O   |       |       |       |      0.2
   1270     0.1     0.3      0.022  |I  O   |       |       |       |      0.2
   1271     0.1     0.3      0.022  |I  O   |       |       |       |      0.2
   1272     0.1     0.3      0.022  |I  O   |       |       |       |      0.2
   1273     0.0     0.3      0.022  I   O   |       |       |       |      0.2
   1274     0.0     0.3      0.021  I   O   |       |       |       |      0.2
   1275     0.0     0.3      0.021  I   O   |       |       |       |      0.1
   1276     0.0     0.3      0.020  I   O   |       |       |       |      0.1
   1277     0.0     0.3      0.020  I   O   |       |       |       |      0.1
   1278     0.0     0.3      0.020  I   O   |       |       |       |      0.1
   1279     0.0     0.2      0.019  I   O   |       |       |       |      0.1
   1280     0.0     0.2      0.019  I   O   |       |       |       |      0.1
   1281     0.0     0.2      0.019  I   O   |       |       |       |      0.1
   1282     0.0     0.2      0.018  I  O    |       |       |       |      0.1
   1283     0.0     0.2      0.018  I  O    |       |       |       |      0.1
   1284     0.0     0.2      0.018  I  O    |       |       |       |      0.1
   1285     0.0     0.2      0.017  I  O    |       |       |       |      0.1
   1286     0.0     0.2      0.017  I  O    |       |       |       |      0.1
   1287     0.0     0.2      0.017  I  O    |       |       |       |      0.1
   1288     0.0     0.2      0.016  I  O    |       |       |       |      0.1
   1289     0.0     0.2      0.016  I  O    |       |       |       |      0.1
   1290     0.0     0.2      0.016  I  O    |       |       |       |      0.1
   1291     0.0     0.2      0.016  I  O    |       |       |       |      0.1
   1292     0.0     0.2      0.015  I  O    |       |       |       |      0.1
   1293     0.0     0.2      0.015  I  O    |       |       |       |      0.1
   1294     0.0     0.2      0.015  I  O    |       |       |       |      0.1
   1295     0.0     0.2      0.015  I  O    |       |       |       |      0.1
   1296     0.0     0.2      0.014  I  O    |       |       |       |      0.1
   1297     0.0     0.2      0.014  I  O    |       |       |       |      0.1
   1298     0.0     0.2      0.014  I O     |       |       |       |      0.1
   1299     0.0     0.2      0.014  I O     |       |       |       |      0.1
   1300     0.0     0.2      0.013  I O     |       |       |       |      0.1
   1310     0.1     0.2      0.012  |IO     |       |       |       |      0.1
   1320     0.1     0.1      0.011  |IO     |       |       |       |      0.1
   1330     0.0     0.1      0.010  I O     |       |       |       |      0.1
   1340     0.1     0.1      0.009  |O      |       |       |       |      0.1
   1350     0.1     0.1      0.009  |O      |       |       |       |      0.1
   1360     0.1     0.1      0.009  |O      |       |       |       |      0.1
   1370     0.1     0.1      0.009  |O      |       |       |       |      0.1
   1380     0.0     0.1      0.008  IO      |       |       |       |      0.1
   1390     0.0     0.1      0.006  IO      |       |       |       |      0.0
   1400     0.0     0.1      0.005  IO      |       |       |       |      0.0
   1420     0.0     0.0      0.004  O       |       |       |       |      0.0
   1440     0.0     0.0      0.003  O       |       |       |       |      0.0
   1460     0.0     0.0      0.002  O       |       |       |       |      0.0
   1500     0.0     0.0      0.001  O       |       |       |       |      0.0

Remaining water in basin =    0.00 (Ac.Ft)
Peak flow out of basin =     0.51(CFS)
Peak flow time = 1183 Min., time interval # = 69
Maximum depth in basin =    0.29(Ft.)

Hydrograph Detention Basin Routing
Hydrograph at 5 439 A Storm Day: 2 Drainage Area =   19.10
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Total flood hydrograph volume this storm day =    0.75 Ac. Ft.
---------------------------------------------------------------------

Graph values: 'I'= unit inflow; 'O'=outflow at time shown
---------------------------------------------------------------------

  Time   Inflow  Outflow    Storage                                     Depth 
  (Min)  (CFS)   (CFS)     (Ac.Ft) .0       2.4     4.8     7.2     9.6 (Ft.)
      0     0.0     0.0      0.001  O       |       |       |       |      0.0
    100     0.0     0.0      0.000  O       |       |       |       |      0.0
    200     0.0     0.0      0.000  O       |       |       |       |      0.0
    300     0.0     0.0      0.000  O       |       |       |       |      0.0
    400     0.0     0.0      0.000  O       |       |       |       |      0.0
    500     0.0     0.0      0.000  O       |       |       |       |      0.0
    600     0.2     0.1      0.008  O       |       |       |       |      0.1
    700     0.2     0.2      0.014  O       |       |       |       |      0.1
    800     0.2     0.2      0.015  O       |       |       |       |      0.1
    900     0.3     0.3      0.020  OI      |       |       |       |      0.1
   1000     0.3     0.3      0.023  OI      |       |       |       |      0.2
   1050     0.4     0.3      0.026  |O      |       |       |       |      0.2
   1100     1.2     0.6      0.050  | O I   |       |       |       |      0.4
   1110     1.6     0.8      0.060  | O  I  |       |       |       |      0.4
   1120     2.1     1.0      0.074  |  O   I|       |       |       |      0.5
   1130     2.4     1.2      0.091  |  O    I       |       |       |      0.6
   1131     2.4     1.2      0.092  |  O    I       |       |       |      0.7
   1132     2.5     1.2      0.094  |   O   I       |       |       |      0.7
   1133     2.6     1.2      0.096  |   O   I       |       |       |      0.7
   1134     2.7     1.3      0.098  |   O   |I      |       |       |      0.7
   1135     2.7     1.3      0.100  |   O   |I      |       |       |      0.7
   1136     2.8     1.3      0.102  |   O   |I      |       |       |      0.7
   1137     2.9     1.3      0.104  |   O   |I      |       |       |      0.7
   1138     3.0     1.4      0.107  |   O   | I     |       |       |      0.8
   1139     3.0     1.4      0.109  |   O   | I     |       |       |      0.8
   1140     3.1     1.4      0.111  |   O   | I     |       |       |      0.8
   1141     3.2     1.5      0.113  |   O   | I     |       |       |      0.8
   1142     3.4     1.5      0.116  |   O   |  I    |       |       |      0.8
   1143     3.5     1.5      0.119  |    O  |  I    |       |       |      0.8
   1144     3.7     1.6      0.122  |    O  |   I   |       |       |      0.9
   1145     3.8     1.6      0.125  |    O  |   I   |       |       |      0.9
   1146     4.1     1.6      0.128  |    O  |    I  |       |       |      0.9
   1147     4.3     1.7      0.132  |    O  |     I |       |       |      0.9
   1148     4.5     1.7      0.136  |    O  |      I|       |       |      1.0
   1149     4.9     1.8      0.140  |     O |       I       |       |      1.0
   1150     5.6     1.8      0.145  |     O |       | I     |       |      1.0
   1151     6.4     1.8      0.152  |     O |       |    I  |       |      1.1
   1152     7.3     1.8      0.159  |     O |       |       I       |      1.1
   1153     8.4     1.8      0.168  |     O |       |       |   I   |      1.2
   1154     9.2     1.8      0.178  |     O |       |       |     I |      1.2
   1155     9.6     1.8      0.189  |     O |       |       |       I      1.3
   1156     9.6     1.8      0.200  |     O |       |       |       I      1.3
   1157     9.1     1.8      0.210  |     O |       |       |     I |      1.4
   1158     8.2     1.8      0.219  |     O |       |       |  I    |      1.5
   1159     7.2     1.9      0.226  |     O |       |       I       |      1.5
   1160     6.2     1.9      0.232  |     O |       |   I   |       |      1.5
   1161     5.4     1.9      0.237  |     O |       | I     |       |      1.6
   1162     4.7     1.9      0.241  |     O |      I|       |       |      1.6
   1163     4.1     1.9      0.244  |     O |    I  |       |       |      1.6
   1164     3.7     1.9      0.246  |     O |   I   |       |       |      1.6
   1165     3.3     1.9      0.248  |     O |  I    |       |       |      1.6
   1166     3.0     1.9      0.250  |     O | I     |       |       |      1.6
   1167     2.8     1.9      0.251  |     O |I      |       |       |      1.6
   1168     2.6     1.9      0.252  |     O I       |       |       |      1.6
   1169     2.4     1.9      0.253  |     O I       |       |       |      1.6
   1170     2.3     1.9      0.253  |     OI|       |       |       |      1.7
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   1171     2.2     1.9      0.254  |     OI|       |       |       |      1.7
   1172     2.1     1.9      0.254  |     OI|       |       |       |      1.7
   1173     2.0     1.9      0.254  |     O |       |       |       |      1.7
   1174     2.0     1.9      0.255  |     O |       |       |       |      1.7
   1175     1.9     1.9      0.255  |     O |       |       |       |      1.7
   1176     1.9     1.9      0.255  |     O |       |       |       |      1.7
   1177     1.8     1.9      0.255  |     O |       |       |       |      1.7
   1178     1.8     1.9      0.254  |     O |       |       |       |      1.7
   1179     1.7     1.9      0.254  |    IO |       |       |       |      1.7
   1180     1.7     1.9      0.254  |    IO |       |       |       |      1.7
   1181     1.7     1.9      0.254  |    IO |       |       |       |      1.7
   1182     1.6     1.9      0.253  |    IO |       |       |       |      1.7
   1183     1.6     1.9      0.253  |    IO |       |       |       |      1.6
   1184     1.6     1.9      0.253  |    IO |       |       |       |      1.6
   1185     1.5     1.9      0.252  |    IO |       |       |       |      1.6
   1186     1.5     1.9      0.252  |    IO |       |       |       |      1.6
   1187     1.5     1.9      0.251  |    IO |       |       |       |      1.6
   1188     1.5     1.9      0.251  |    IO |       |       |       |      1.6
   1189     1.5     1.9      0.250  |    IO |       |       |       |      1.6
   1190     1.4     1.9      0.249  |   I O |       |       |       |      1.6
   1191     1.4     1.9      0.249  |   I O |       |       |       |      1.6
   1192     1.4     1.9      0.248  |   I O |       |       |       |      1.6
   1193     1.3     1.9      0.247  |   I O |       |       |       |      1.6
   1194     1.3     1.9      0.247  |   I O |       |       |       |      1.6
   1195     1.3     1.9      0.246  |   I O |       |       |       |      1.6
   1196     1.2     1.9      0.245  |   I O |       |       |       |      1.6
   1197     1.2     1.9      0.244  |   I O |       |       |       |      1.6
   1198     1.2     1.9      0.243  |   I O |       |       |       |      1.6
   1199     1.2     1.9      0.242  |   I O |       |       |       |      1.6
   1200     1.2     1.9      0.241  |   I O |       |       |       |      1.6
   1201     1.2     1.9      0.240  |   I O |       |       |       |      1.6
   1202     1.2     1.9      0.239  |   I O |       |       |       |      1.6
   1203     1.2     1.9      0.238  |   I O |       |       |       |      1.6
   1204     1.1     1.9      0.237  |  I  O |       |       |       |      1.6
   1205     1.1     1.9      0.236  |  I  O |       |       |       |      1.6
   1206     1.1     1.9      0.235  |  I  O |       |       |       |      1.5
   1207     1.1     1.9      0.234  |  I  O |       |       |       |      1.5
   1208     1.1     1.9      0.233  |  I  O |       |       |       |      1.5
   1209     1.1     1.9      0.232  |  I  O |       |       |       |      1.5
   1210     1.1     1.9      0.231  |  I  O |       |       |       |      1.5
   1211     1.1     1.9      0.230  |  I  O |       |       |       |      1.5
   1212     1.1     1.9      0.229  |  I  O |       |       |       |      1.5
   1213     1.0     1.9      0.228  |  I  O |       |       |       |      1.5
   1214     1.0     1.9      0.227  |  I  O |       |       |       |      1.5
   1215     1.0     1.9      0.226  |  I  O |       |       |       |      1.5
   1216     1.0     1.9      0.224  |  I  O |       |       |       |      1.5
   1217     1.0     1.9      0.223  |  I  O |       |       |       |      1.5
   1218     1.0     1.9      0.222  |  I  O |       |       |       |      1.5
   1219     1.0     1.9      0.221  |  I  O |       |       |       |      1.5
   1220     1.0     1.8      0.220  |  I  O |       |       |       |      1.5
   1221     0.9     1.8      0.218  |  I  O |       |       |       |      1.5
   1222     0.9     1.8      0.217  |  I  O |       |       |       |      1.4
   1223     0.9     1.8      0.216  |  I  O |       |       |       |      1.4
   1224     0.9     1.8      0.214  |  I  O |       |       |       |      1.4
   1225     0.9     1.8      0.213  |  I  O |       |       |       |      1.4
   1226     0.9     1.8      0.212  |  I  O |       |       |       |      1.4
   1227     0.9     1.8      0.211  |  I  O |       |       |       |      1.4
   1228     0.8     1.8      0.209  | I   O |       |       |       |      1.4
   1229     0.8     1.8      0.208  | I   O |       |       |       |      1.4
   1230     0.8     1.8      0.206  | I   O |       |       |       |      1.4
   1231     0.8     1.8      0.205  | I   O |       |       |       |      1.4
   1232     0.8     1.8      0.203  | I   O |       |       |       |      1.4
   1233     0.8     1.8      0.202  | I   O |       |       |       |      1.4
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   1234     0.8     1.8      0.201  | I   O |       |       |       |      1.3
   1235     0.8     1.8      0.199  | I   O |       |       |       |      1.3
   1236     0.7     1.8      0.198  | I   O |       |       |       |      1.3
   1237     0.7     1.8      0.196  | I   O |       |       |       |      1.3
   1238     0.7     1.8      0.194  | I   O |       |       |       |      1.3
   1239     0.7     1.8      0.193  | I   O |       |       |       |      1.3
   1240     0.7     1.8      0.191  | I   O |       |       |       |      1.3
   1241     0.7     1.8      0.190  | I   O |       |       |       |      1.3
   1242     0.7     1.8      0.188  | I   O |       |       |       |      1.3
   1243     0.7     1.8      0.187  | I   O |       |       |       |      1.3
   1244     0.7     1.8      0.185  | I   O |       |       |       |      1.3
   1245     0.7     1.8      0.184  | I   O |       |       |       |      1.3
   1246     0.6     1.8      0.182  | I   O |       |       |       |      1.2
   1247     0.6     1.8      0.180  | I   O |       |       |       |      1.2
   1248     0.6     1.8      0.178  | I   O |       |       |       |      1.2
   1249     0.6     1.8      0.177  | I   O |       |       |       |      1.2
   1250     0.6     1.8      0.175  | I   O |       |       |       |      1.2
   1251     0.6     1.8      0.173  | I   O |       |       |       |      1.2
   1252     0.6     1.8      0.172  | I   O |       |       |       |      1.2
   1253     0.6     1.8      0.170  | I   O |       |       |       |      1.2
   1254     0.6     1.8      0.168  | I   O |       |       |       |      1.2
   1255     0.6     1.8      0.167  | I   O |       |       |       |      1.2
   1256     0.6     1.8      0.165  | I   O |       |       |       |      1.1
   1257     0.6     1.8      0.163  | I   O |       |       |       |      1.1
   1258     0.6     1.8      0.162  | I   O |       |       |       |      1.1
   1259     0.6     1.8      0.160  | I   O |       |       |       |      1.1
   1260     0.6     1.8      0.158  | I   O |       |       |       |      1.1
   1261     0.5     1.8      0.157  |I    O |       |       |       |      1.1
   1262     0.4     1.8      0.155  |I    O |       |       |       |      1.1
   1263     0.5     1.8      0.153  |I    O |       |       |       |      1.1
   1264     0.4     1.8      0.151  |I    O |       |       |       |      1.1
   1265     0.3     1.8      0.149  |I    O |       |       |       |      1.1
   1266     0.3     1.8      0.147  |I    O |       |       |       |      1.0
   1267     0.3     1.8      0.145  |I    O |       |       |       |      1.0
   1268     0.3     1.8      0.143  |I    O |       |       |       |      1.0
   1269     0.3     1.8      0.140  |I    O |       |       |       |      1.0
   1270     0.3     1.8      0.138  |I   O  |       |       |       |      1.0
   1271     0.3     1.8      0.136  |I   O  |       |       |       |      1.0
   1272     0.3     1.7      0.134  |I   O  |       |       |       |      1.0
   1273     0.3     1.7      0.132  |I   O  |       |       |       |      0.9
   1274     0.3     1.7      0.131  |I   O  |       |       |       |      0.9
   1275     0.3     1.7      0.129  |I   O  |       |       |       |      0.9
   1276     0.3     1.6      0.127  |I   O  |       |       |       |      0.9
   1277     0.3     1.6      0.125  |I   O  |       |       |       |      0.9
   1278     0.3     1.6      0.123  |I   O  |       |       |       |      0.9
   1279     0.3     1.6      0.121  |I   O  |       |       |       |      0.9
   1280     0.3     1.5      0.120  |I   O  |       |       |       |      0.9
   1281     0.3     1.5      0.118  |I   O  |       |       |       |      0.8
   1282     0.3     1.5      0.116  |I  O   |       |       |       |      0.8
   1283     0.3     1.5      0.115  |I  O   |       |       |       |      0.8
   1284     0.3     1.5      0.113  |I  O   |       |       |       |      0.8
   1285     0.3     1.4      0.112  |I  O   |       |       |       |      0.8
   1286     0.3     1.4      0.110  |I  O   |       |       |       |      0.8
   1287     0.3     1.4      0.109  |I  O   |       |       |       |      0.8
   1288     0.3     1.4      0.107  |I  O   |       |       |       |      0.8
   1289     0.3     1.4      0.106  |I  O   |       |       |       |      0.8
   1290     0.3     1.3      0.104  |I  O   |       |       |       |      0.7
   1291     0.3     1.3      0.103  |I  O   |       |       |       |      0.7
   1292     0.3     1.3      0.101  |I  O   |       |       |       |      0.7
   1293     0.3     1.3      0.100  |I  O   |       |       |       |      0.7
   1294     0.3     1.3      0.099  |I  O   |       |       |       |      0.7
   1295     0.3     1.3      0.097  |I  O   |       |       |       |      0.7
   1296     0.3     1.2      0.096  |I  O   |       |       |       |      0.7
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   1297     0.3     1.2      0.095  |I  O   |       |       |       |      0.7
   1298     0.3     1.2      0.093  |I  O   |       |       |       |      0.7
   1299     0.3     1.2      0.092  |I O    |       |       |       |      0.7
   1300     0.3     1.2      0.091  |I O    |       |       |       |      0.6
   1310     0.3     1.0      0.080  |I O    |       |       |       |      0.6
   1320     0.3     0.9      0.071  |I O    |       |       |       |      0.5
   1330     0.3     0.8      0.063  |IO     |       |       |       |      0.5
   1340     0.3     0.7      0.057  |IO     |       |       |       |      0.4
   1350     0.3     0.7      0.051  |IO     |       |       |       |      0.4
   1360     0.3     0.6      0.047  |IO     |       |       |       |      0.3
   1370     0.2     0.5      0.042  IO      |       |       |       |      0.3
   1380     0.1     0.5      0.037  IO      |       |       |       |      0.3
   1390     0.1     0.4      0.032  IO      |       |       |       |      0.2
   1400     0.1     0.4      0.028  IO      |       |       |       |      0.2
   1420     0.1     0.3      0.022  O       |       |       |       |      0.2
   1440     0.1     0.2      0.018  O       |       |       |       |      0.1
   1460     0.1     0.2      0.015  O       |       |       |       |      0.1
   1500     0.0     0.1      0.009  O       |       |       |       |      0.1

Remaining water in basin =    0.01 (Ac.Ft)
Peak flow out of basin =     1.87(CFS)
Peak flow time = 1176 Min., time interval # = 62
Maximum depth in basin =    1.66(Ft.)

Hydrograph Detention Basin Routing
Hydrograph at 5 439 A Storm Day: 3 Drainage Area =   19.10
Total flood hydrograph volume this storm day =    0.58 Ac. Ft.
---------------------------------------------------------------------

Graph values: 'I'= unit inflow; 'O'=outflow at time shown
---------------------------------------------------------------------

  Time   Inflow  Outflow    Storage                                     Depth 
  (Min)  (CFS)   (CFS)     (Ac.Ft) .0       2.4     4.8     7.2     9.6 (Ft.)
      0     0.0     0.1      0.009  O       |       |       |       |      0.1
    100     0.0     0.0      0.002  O       |       |       |       |      0.0
    200     0.0     0.0      0.000  O       |       |       |       |      0.0
    300     0.0     0.0      0.000  O       |       |       |       |      0.0
    400     0.0     0.0      0.000  O       |       |       |       |      0.0
    500     0.0     0.0      0.000  O       |       |       |       |      0.0
    600     0.0     0.0      0.000  O       |       |       |       |      0.0
    700     0.0     0.0      0.000  O       |       |       |       |      0.0
    800     0.2     0.1      0.008  O       |       |       |       |      0.1
    900     0.2     0.2      0.014  O       |       |       |       |      0.1
   1000     0.3     0.3      0.020  OI      |       |       |       |      0.1
   1050     0.3     0.3      0.022  OI      |       |       |       |      0.2
   1100     0.7     0.4      0.033  |OI     |       |       |       |      0.2
   1110     1.2     0.5      0.040  |O  I   |       |       |       |      0.3
   1120     1.8     0.7      0.053  | O   I |       |       |       |      0.4
   1130     2.1     0.9      0.069  | O    I|       |       |       |      0.5
   1131     2.1     0.9      0.071  |  O   I|       |       |       |      0.5
   1132     2.2     0.9      0.073  |  O   I|       |       |       |      0.5
   1133     2.2     1.0      0.075  |  O   I|       |       |       |      0.5
   1134     2.2     1.0      0.076  |  O   I|       |       |       |      0.5
   1135     2.3     1.0      0.078  |  O   I|       |       |       |      0.6
   1136     2.4     1.0      0.080  |  O    I       |       |       |      0.6
   1137     2.4     1.1      0.082  |  O    I       |       |       |      0.6
   1138     2.6     1.1      0.084  |  O    I       |       |       |      0.6
   1139     2.7     1.1      0.086  |  O    |I      |       |       |      0.6
   1140     2.7     1.1      0.088  |  O    |I      |       |       |      0.6
   1141     2.8     1.2      0.091  |  O    |I      |       |       |      0.6
   1142     2.9     1.2      0.093  |  O    |I      |       |       |      0.7
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   1143     3.0     1.2      0.095  |   O   | I     |       |       |      0.7
   1144     3.1     1.3      0.098  |   O   | I     |       |       |      0.7
   1145     3.3     1.3      0.101  |   O   |  I    |       |       |      0.7
   1146     3.4     1.3      0.104  |   O   |  I    |       |       |      0.7
   1147     3.6     1.4      0.107  |   O   |   I   |       |       |      0.8
   1148     3.9     1.4      0.110  |   O   |    I  |       |       |      0.8
   1149     4.3     1.5      0.114  |   O   |     I |       |       |      0.8
   1150     4.9     1.5      0.119  |    O  |       I       |       |      0.8
   1151     5.5     1.6      0.124  |    O  |       | I     |       |      0.9
   1152     6.3     1.7      0.131  |    O  |       |    I  |       |      0.9
   1153     7.2     1.8      0.138  |    O  |       |       I       |      1.0
   1154     8.0     1.8      0.147  |     O |       |       | I     |      1.0
   1155     8.3     1.8      0.156  |     O |       |       |  I    |      1.1
   1156     8.3     1.8      0.165  |     O |       |       |  I    |      1.1
   1157     7.9     1.8      0.173  |     O |       |       | I     |      1.2
   1158     7.2     1.8      0.180  |     O |       |       I       |      1.2
   1159     6.4     1.8      0.187  |     O |       |    I  |       |      1.3
   1160     5.5     1.8      0.192  |     O |       | I     |       |      1.3
   1161     4.8     1.8      0.196  |     O |       I       |       |      1.3
   1162     4.2     1.8      0.199  |     O |     I |       |       |      1.3
   1163     3.7     1.8      0.202  |     O |   I   |       |       |      1.4
   1164     3.3     1.8      0.204  |     O |  I    |       |       |      1.4
   1165     3.0     1.8      0.205  |     O | I     |       |       |      1.4
   1166     2.7     1.8      0.206  |     O |I      |       |       |      1.4
   1167     2.5     1.8      0.207  |     O I       |       |       |      1.4
   1168     2.3     1.8      0.208  |     OI|       |       |       |      1.4
   1169     2.2     1.8      0.209  |     OI|       |       |       |      1.4
   1170     2.0     1.8      0.209  |     O |       |       |       |      1.4
   1171     2.0     1.8      0.209  |     O |       |       |       |      1.4
   1172     1.9     1.8      0.209  |     O |       |       |       |      1.4
   1173     1.8     1.8      0.209  |     O |       |       |       |      1.4
   1174     1.8     1.8      0.209  |     O |       |       |       |      1.4
   1175     1.7     1.8      0.209  |    IO |       |       |       |      1.4
   1176     1.7     1.8      0.209  |    IO |       |       |       |      1.4
   1177     1.6     1.8      0.208  |    IO |       |       |       |      1.4
   1178     1.6     1.8      0.208  |    IO |       |       |       |      1.4
   1179     1.6     1.8      0.207  |    IO |       |       |       |      1.4
   1180     1.5     1.8      0.207  |    IO |       |       |       |      1.4
   1181     1.5     1.8      0.207  |    IO |       |       |       |      1.4
   1182     1.5     1.8      0.206  |    IO |       |       |       |      1.4
   1183     1.4     1.8      0.205  |   I O |       |       |       |      1.4
   1184     1.4     1.8      0.205  |   I O |       |       |       |      1.4
   1185     1.4     1.8      0.204  |   I O |       |       |       |      1.4
   1186     1.4     1.8      0.204  |   I O |       |       |       |      1.4
   1187     1.4     1.8      0.203  |   I O |       |       |       |      1.4
   1188     1.3     1.8      0.202  |   I O |       |       |       |      1.4
   1189     1.3     1.8      0.202  |   I O |       |       |       |      1.4
   1190     1.3     1.8      0.201  |   I O |       |       |       |      1.3
   1191     1.2     1.8      0.200  |   I O |       |       |       |      1.3
   1192     1.2     1.8      0.199  |   I O |       |       |       |      1.3
   1193     1.2     1.8      0.198  |   I O |       |       |       |      1.3
   1194     1.1     1.8      0.197  |  I  O |       |       |       |      1.3
   1195     1.1     1.8      0.196  |  I  O |       |       |       |      1.3
   1196     1.1     1.8      0.195  |  I  O |       |       |       |      1.3
   1197     1.1     1.8      0.194  |  I  O |       |       |       |      1.3
   1198     1.1     1.8      0.193  |  I  O |       |       |       |      1.3
   1199     1.1     1.8      0.192  |  I  O |       |       |       |      1.3
   1200     1.1     1.8      0.191  |  I  O |       |       |       |      1.3
   1201     1.1     1.8      0.190  |  I  O |       |       |       |      1.3
   1202     1.1     1.8      0.189  |  I  O |       |       |       |      1.3
   1203     1.0     1.8      0.188  |  I  O |       |       |       |      1.3
   1204     1.0     1.8      0.187  |  I  O |       |       |       |      1.3
   1205     1.0     1.8      0.186  |  I  O |       |       |       |      1.3
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   1206     1.0     1.8      0.185  |  I  O |       |       |       |      1.3
   1207     1.0     1.8      0.183  |  I  O |       |       |       |      1.2
   1208     1.0     1.8      0.182  |  I  O |       |       |       |      1.2
   1209     1.0     1.8      0.181  |  I  O |       |       |       |      1.2
   1210     1.0     1.8      0.180  |  I  O |       |       |       |      1.2
   1211     1.0     1.8      0.179  |  I  O |       |       |       |      1.2
   1212     1.0     1.8      0.178  |  I  O |       |       |       |      1.2
   1213     0.9     1.8      0.176  |  I  O |       |       |       |      1.2
   1214     0.9     1.8      0.175  |  I  O |       |       |       |      1.2
   1215     0.9     1.8      0.174  |  I  O |       |       |       |      1.2
   1216     0.9     1.8      0.173  |  I  O |       |       |       |      1.2
   1217     0.9     1.8      0.171  |  I  O |       |       |       |      1.2
   1218     0.9     1.8      0.170  |  I  O |       |       |       |      1.2
   1219     0.9     1.8      0.169  |  I  O |       |       |       |      1.2
   1220     0.9     1.8      0.168  |  I  O |       |       |       |      1.2
   1221     0.9     1.8      0.166  |  I  O |       |       |       |      1.2
   1222     0.8     1.8      0.165  | I   O |       |       |       |      1.1
   1223     0.8     1.8      0.164  | I   O |       |       |       |      1.1
   1224     0.8     1.8      0.162  | I   O |       |       |       |      1.1
   1225     0.8     1.8      0.161  | I   O |       |       |       |      1.1
   1226     0.8     1.8      0.159  | I   O |       |       |       |      1.1
   1227     0.8     1.8      0.158  | I   O |       |       |       |      1.1
   1228     0.8     1.8      0.157  | I   O |       |       |       |      1.1
   1229     0.8     1.8      0.155  | I   O |       |       |       |      1.1
   1230     0.8     1.8      0.154  | I   O |       |       |       |      1.1
   1231     0.8     1.8      0.152  | I   O |       |       |       |      1.1
   1232     0.8     1.8      0.151  | I   O |       |       |       |      1.1
   1233     0.8     1.8      0.150  | I   O |       |       |       |      1.1
   1234     0.7     1.8      0.148  | I   O |       |       |       |      1.0
   1235     0.7     1.8      0.147  | I   O |       |       |       |      1.0
   1236     0.7     1.8      0.145  | I   O |       |       |       |      1.0
   1237     0.7     1.8      0.144  | I   O |       |       |       |      1.0
   1238     0.7     1.8      0.142  | I   O |       |       |       |      1.0
   1239     0.7     1.8      0.140  | I   O |       |       |       |      1.0
   1240     0.7     1.8      0.139  | I  O  |       |       |       |      1.0
   1241     0.7     1.8      0.137  | I  O  |       |       |       |      1.0
   1242     0.7     1.7      0.136  | I  O  |       |       |       |      1.0
   1243     0.7     1.7      0.135  | I  O  |       |       |       |      1.0
   1244     0.6     1.7      0.133  | I  O  |       |       |       |      1.0
   1245     0.6     1.7      0.132  | I  O  |       |       |       |      0.9
   1246     0.6     1.7      0.130  | I  O  |       |       |       |      0.9
   1247     0.6     1.7      0.129  | I  O  |       |       |       |      0.9
   1248     0.6     1.6      0.127  | I  O  |       |       |       |      0.9
   1249     0.6     1.6      0.126  | I  O  |       |       |       |      0.9
   1250     0.6     1.6      0.124  | I  O  |       |       |       |      0.9
   1251     0.6     1.6      0.123  | I  O  |       |       |       |      0.9
   1252     0.6     1.6      0.122  | I  O  |       |       |       |      0.9
   1253     0.5     1.5      0.120  |I   O  |       |       |       |      0.9
   1254     0.5     1.5      0.119  |I   O  |       |       |       |      0.8
   1255     0.5     1.5      0.117  |I   O  |       |       |       |      0.8
   1256     0.5     1.5      0.116  |I  O   |       |       |       |      0.8
   1257     0.5     1.5      0.115  |I  O   |       |       |       |      0.8
   1258     0.5     1.5      0.113  |I  O   |       |       |       |      0.8
   1259     0.5     1.4      0.112  |I  O   |       |       |       |      0.8
   1260     0.5     1.4      0.111  |I  O   |       |       |       |      0.8
   1261     0.5     1.4      0.109  |I  O   |       |       |       |      0.8
   1262     0.5     1.4      0.108  |I  O   |       |       |       |      0.8
   1263     0.5     1.4      0.107  |I  O   |       |       |       |      0.8
   1264     0.5     1.4      0.106  |I  O   |       |       |       |      0.8
   1265     0.4     1.3      0.104  |I  O   |       |       |       |      0.7
   1266     0.4     1.3      0.103  |I  O   |       |       |       |      0.7
   1267     0.4     1.3      0.102  |I  O   |       |       |       |      0.7
   1268     0.4     1.3      0.101  |I  O   |       |       |       |      0.7
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   1269     0.4     1.3      0.099  |I  O   |       |       |       |      0.7
   1270     0.4     1.3      0.098  |I  O   |       |       |       |      0.7
   1271     0.4     1.2      0.097  |I  O   |       |       |       |      0.7
   1272     0.4     1.2      0.096  |I  O   |       |       |       |      0.7
   1273     0.3     1.2      0.095  |I  O   |       |       |       |      0.7
   1274     0.4     1.2      0.094  |I  O   |       |       |       |      0.7
   1275     0.3     1.2      0.092  |I O    |       |       |       |      0.7
   1276     0.3     1.2      0.091  |I O    |       |       |       |      0.7
   1277     0.3     1.2      0.090  |I O    |       |       |       |      0.6
   1278     0.2     1.1      0.089  I  O    |       |       |       |      0.6
   1279     0.3     1.1      0.087  |I O    |       |       |       |      0.6
   1280     0.2     1.1      0.086  I  O    |       |       |       |      0.6
   1281     0.2     1.1      0.085  I  O    |       |       |       |      0.6
   1282     0.1     1.1      0.084  I  O    |       |       |       |      0.6
   1283     0.2     1.1      0.082  I  O    |       |       |       |      0.6
   1284     0.1     1.0      0.081  I  O    |       |       |       |      0.6
   1285     0.2     1.0      0.080  I  O    |       |       |       |      0.6
   1286     0.1     1.0      0.079  I  O    |       |       |       |      0.6
   1287     0.2     1.0      0.078  I  O    |       |       |       |      0.6
   1288     0.1     1.0      0.076  I  O    |       |       |       |      0.5
   1289     0.2     1.0      0.075  I  O    |       |       |       |      0.5
   1290     0.1     1.0      0.074  I  O    |       |       |       |      0.5
   1291     0.2     0.9      0.073  I  O    |       |       |       |      0.5
   1292     0.2     0.9      0.072  I  O    |       |       |       |      0.5
   1293     0.2     0.9      0.071  I  O    |       |       |       |      0.5
   1294     0.2     0.9      0.070  I  O    |       |       |       |      0.5
   1295     0.2     0.9      0.069  I O     |       |       |       |      0.5
   1296     0.1     0.9      0.068  I O     |       |       |       |      0.5
   1297     0.2     0.9      0.067  I O     |       |       |       |      0.5
   1298     0.2     0.9      0.066  I O     |       |       |       |      0.5
   1299     0.2     0.8      0.065  I O     |       |       |       |      0.5
   1300     0.2     0.8      0.064  I O     |       |       |       |      0.5
   1310     0.2     0.7      0.057  I O     |       |       |       |      0.4
   1320     0.1     0.6      0.049  I O     |       |       |       |      0.4
   1330     0.1     0.5      0.042  IO      |       |       |       |      0.3
   1340     0.1     0.5      0.037  IO      |       |       |       |      0.3
   1350     0.1     0.4      0.032  IO      |       |       |       |      0.2
   1360     0.1     0.4      0.028  IO      |       |       |       |      0.2
   1370     0.1     0.3      0.025  IO      |       |       |       |      0.2
   1380     0.1     0.3      0.022  O       |       |       |       |      0.2
   1390     0.1     0.3      0.020  O       |       |       |       |      0.1
   1400     0.1     0.2      0.018  O       |       |       |       |      0.1
   1420     0.1     0.2      0.015  O       |       |       |       |      0.1
   1440     0.1     0.2      0.013  O       |       |       |       |      0.1
   1460     0.1     0.1      0.011  O       |       |       |       |      0.1
   1500     0.0     0.1      0.007  O       |       |       |       |      0.1

Remaining water in basin =    0.01 (Ac.Ft)
Peak flow out of basin =     1.84(CFS)
Peak flow time = 1172 Min., time interval # = 58
Maximum depth in basin =    1.40(Ft.)

Hydrograph Detention Basin Routing
Hydrograph at 5 439 A Storm Day: 4 Drainage Area =   19.10
Total flood hydrograph volume this storm day =    3.47 Ac. Ft.
---------------------------------------------------------------------

Graph values: 'I'= unit inflow; 'O'=outflow at time shown
---------------------------------------------------------------------

  Time   Inflow  Outflow    Storage                                     Depth 
  (Min)  (CFS)   (CFS)     (Ac.Ft) .0      10.7    21.4    32.2    42.9 (Ft.)
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      0     0.0     0.1      0.007  O       |       |       |       |      0.1
    100     0.3     0.2      0.014  O       |       |       |       |      0.1
    200     0.4     0.3      0.026  O       |       |       |       |      0.2
    300     0.4     0.4      0.030  O       |       |       |       |      0.2
    400     0.7     0.6      0.043  O       |       |       |       |      0.3
    500     0.8     0.7      0.057  O       |       |       |       |      0.4
    600     1.2     1.0      0.078  O       |       |       |       |      0.6
    700     1.3     1.2      0.095  O       |       |       |       |      0.7
    800     1.6     1.4      0.113  |O      |       |       |       |      0.8
    900     2.1     1.8      0.143  |O      |       |       |       |      1.0
   1000     2.4     1.8      0.203  |O      |       |       |       |      1.4
   1050     3.2     1.9      0.269  |OI     |       |       |       |      1.7
   1100     4.1     2.4      0.377  |O I    |       |       |       |      2.2
   1110     4.9     2.5      0.405  |O I    |       |       |       |      2.4
   1120     5.6     2.7      0.442  | O I   |       |       |       |      2.5
   1130     6.5     3.0      0.486  | O I   |       |       |       |      2.7
   1131     6.6     3.0      0.491  | O I   |       |       |       |      2.7
   1132     6.7     3.0      0.497  | O I   |       |       |       |      2.8
   1133     6.9     3.0      0.502  | O  I  |       |       |       |      2.8
   1134     7.0     3.1      0.507  | O  I  |       |       |       |      2.8
   1135     7.2     3.1      0.513  | O  I  |       |       |       |      2.8
   1136     7.4     3.1      0.519  | O  I  |       |       |       |      2.9
   1137     7.6     3.2      0.525  | O  I  |       |       |       |      2.9
   1138     7.8     3.2      0.531  | O  I  |       |       |       |      2.9
   1139     8.1     3.2      0.538  | O   I |       |       |       |      2.9
   1140     8.3     3.3      0.545  | O   I |       |       |       |      3.0
   1141     8.6     3.5      0.552  | O   I |       |       |       |      3.0
   1142     8.9     4.0      0.559  | O   I |       |       |       |      3.0
   1143     9.2     4.5      0.566  |  O  I |       |       |       |      3.1
   1144     9.5     5.0      0.573  |  O   I|       |       |       |      3.1
   1145     9.9     5.5      0.579  |   O  I|       |       |       |      3.1
   1146    10.4     6.0      0.585  |   O  I|       |       |       |      3.1
   1147    11.0     6.5      0.592  |   O   I       |       |       |      3.2
   1148    11.5     7.0      0.598  |    O  I       |       |       |      3.2
   1149    13.9     7.7      0.608  |    O  | I     |       |       |      3.2
   1150    18.0     8.7      0.621  |     O |    I  |       |       |      3.3
   1151    23.1    10.1      0.640  |      O|       |I      |       |      3.3
   1152    29.4    12.1      0.665  |       O       |    I  |       |      3.4
   1153    36.6    15.3      0.697  |       |  O    |       |  I    |      3.5
   1154    41.7    19.2      0.730  |       |     O |       |      I|      3.7
   1155    42.9    22.6      0.761  |       |       O       |       I      3.8
   1156    40.7    25.1      0.784  |       |       | O     |     I |      3.8
   1157    35.4    26.6      0.797  |       |       |  O    | I     |      3.9
   1158    28.4    26.8      0.799  |       |       |   OI  |       |      3.9
   1159    21.9    26.1      0.793  |       |       I  O    |       |      3.9
   1160    16.9    24.8      0.781  |       |   I   | O     |       |      3.8
   1161    13.4    23.2      0.767  |       |I      |O      |       |      3.8
   1162    11.1    21.5      0.751  |       I       O       |       |      3.7
   1163     9.4    19.8      0.736  |      I|     O |       |       |      3.7
   1164     8.2    18.2      0.721  |     I |    O  |       |       |      3.6
   1165     7.4    16.6      0.707  |    I  |   O   |       |       |      3.6
   1166     6.8    15.0      0.694  |    I  |  O    |       |       |      3.5
   1167     6.3    13.6      0.683  |   I   | O     |       |       |      3.5
   1168     5.9    12.7      0.673  |   I   |O      |       |       |      3.4
   1169     5.6    12.0      0.664  |   I   O       |       |       |      3.4
   1170     5.3    11.3      0.655  |  I    O       |       |       |      3.4
   1171     5.1    10.7      0.647  |  I   O|       |       |       |      3.4
   1172     4.9    10.1      0.640  |  I   O|       |       |       |      3.3
   1173     4.7     9.6      0.633  |  I   O|       |       |       |      3.3
   1174     4.6     9.1      0.626  |  I  O |       |       |       |      3.3
   1175     4.4     8.6      0.620  |  I  O |       |       |       |      3.3
   1176     4.3     8.2      0.614  |  I  O |       |       |       |      3.2
   1177     4.2     7.8      0.609  |  I O  |       |       |       |      3.2
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   1178     4.1     7.4      0.604  |  I O  |       |       |       |      3.2
   1179     4.0     7.1      0.600  | I  O  |       |       |       |      3.2
   1180     3.9     6.8      0.596  | I  O  |       |       |       |      3.2
   1181     3.9     6.5      0.592  | I O   |       |       |       |      3.2
   1182     3.8     6.2      0.588  | I O   |       |       |       |      3.1
   1183     3.7     6.0      0.585  | I O   |       |       |       |      3.1
   1184     3.6     5.7      0.582  | I O   |       |       |       |      3.1
   1185     3.6     5.5      0.579  | I O   |       |       |       |      3.1
   1186     3.5     5.3      0.576  | IO    |       |       |       |      3.1
   1187     3.4     5.1      0.574  | IO    |       |       |       |      3.1
   1188     3.4     5.0      0.572  | IO    |       |       |       |      3.1
   1189     3.3     4.8      0.570  | IO    |       |       |       |      3.1
   1190     3.3     4.6      0.568  | IO    |       |       |       |      3.1
   1191     3.2     4.5      0.566  | IO    |       |       |       |      3.1
   1192     3.2     4.4      0.564  | IO    |       |       |       |      3.1
   1193     3.1     4.2      0.562  | IO    |       |       |       |      3.0
   1194     3.1     4.1      0.561  | IO    |       |       |       |      3.0
   1195     3.1     4.0      0.560  | IO    |       |       |       |      3.0
   1196     3.0     3.9      0.558  | O     |       |       |       |      3.0
   1197     3.0     3.8      0.557  | O     |       |       |       |      3.0
   1198     3.0     3.7      0.556  | O     |       |       |       |      3.0
   1199     2.9     3.7      0.555  | O     |       |       |       |      3.0
   1200     2.9     3.6      0.554  | O     |       |       |       |      3.0
   1201     2.9     3.5      0.553  | O     |       |       |       |      3.0
   1202     2.8     3.4      0.552  | O     |       |       |       |      3.0
   1203     2.8     3.4      0.551  | O     |       |       |       |      3.0
   1204     2.8     3.3      0.550  | O     |       |       |       |      3.0
   1205     2.8     3.3      0.550  | O     |       |       |       |      3.0
   1206     2.7     3.3      0.549  | O     |       |       |       |      3.0
   1207     2.7     3.3      0.548  | O     |       |       |       |      3.0
   1208     2.7     3.3      0.547  | O     |       |       |       |      3.0
   1209     2.7     3.3      0.546  | O     |       |       |       |      3.0
   1210     2.6     3.3      0.545  |IO     |       |       |       |      3.0
   1211     2.6     3.3      0.545  |IO     |       |       |       |      3.0
   1212     2.6     3.3      0.544  |IO     |       |       |       |      3.0
   1213     2.6     3.3      0.543  |IO     |       |       |       |      3.0
   1214     2.5     3.3      0.542  |IO     |       |       |       |      3.0
   1215     2.4     3.3      0.540  |IO     |       |       |       |      3.0
   1216     2.4     3.2      0.539  |IO     |       |       |       |      3.0
   1217     2.4     3.2      0.538  |IO     |       |       |       |      2.9
   1218     2.4     3.2      0.537  |IO     |       |       |       |      2.9
   1219     2.4     3.2      0.536  |IO     |       |       |       |      2.9
   1220     2.3     3.2      0.535  |IO     |       |       |       |      2.9
   1221     2.3     3.2      0.533  |IO     |       |       |       |      2.9
   1222     2.3     3.2      0.532  |IO     |       |       |       |      2.9
   1223     2.3     3.2      0.531  |IO     |       |       |       |      2.9
   1224     2.3     3.2      0.530  |IO     |       |       |       |      2.9
   1225     2.2     3.2      0.528  |IO     |       |       |       |      2.9
   1226     2.2     3.2      0.527  |IO     |       |       |       |      2.9
   1227     2.2     3.2      0.526  |IO     |       |       |       |      2.9
   1228     2.2     3.2      0.524  |IO     |       |       |       |      2.9
   1229     2.2     3.2      0.523  |IO     |       |       |       |      2.9
   1230     2.2     3.2      0.522  |IO     |       |       |       |      2.9
   1231     2.2     3.1      0.520  |IO     |       |       |       |      2.9
   1232     2.2     3.1      0.519  |IO     |       |       |       |      2.9
   1233     2.2     3.1      0.518  |IO     |       |       |       |      2.9
   1234     2.1     3.1      0.516  |IO     |       |       |       |      2.9
   1235     2.1     3.1      0.515  |IO     |       |       |       |      2.8
   1236     2.1     3.1      0.513  |IO     |       |       |       |      2.8
   1237     2.1     3.1      0.512  |IO     |       |       |       |      2.8
   1238     2.1     3.1      0.511  |IO     |       |       |       |      2.8
   1239     2.1     3.1      0.509  |IO     |       |       |       |      2.8
   1240     2.1     3.1      0.508  |IO     |       |       |       |      2.8
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   1241     2.0     3.1      0.506  |IO     |       |       |       |      2.8
   1242     2.0     3.1      0.505  |IO     |       |       |       |      2.8
   1243     2.0     3.1      0.504  |IO     |       |       |       |      2.8
   1244     2.0     3.0      0.502  |IO     |       |       |       |      2.8
   1245     2.0     3.0      0.501  |IO     |       |       |       |      2.8
   1246     2.0     3.0      0.499  |IO     |       |       |       |      2.8
   1247     1.9     3.0      0.498  |IO     |       |       |       |      2.8
   1248     1.9     3.0      0.496  |IO     |       |       |       |      2.8
   1249     1.9     3.0      0.495  |IO     |       |       |       |      2.8
   1250     1.9     3.0      0.493  |IO     |       |       |       |      2.8
   1251     1.8     3.0      0.491  |IO     |       |       |       |      2.7
   1252     1.8     3.0      0.490  |IO     |       |       |       |      2.7
   1253     1.8     3.0      0.488  |IO     |       |       |       |      2.7
   1254     1.8     3.0      0.487  |IO     |       |       |       |      2.7
   1255     1.8     3.0      0.485  |IO     |       |       |       |      2.7
   1256     1.8     3.0      0.483  |IO     |       |       |       |      2.7
   1257     1.8     2.9      0.482  |IO     |       |       |       |      2.7
   1258     1.8     2.9      0.480  |IO     |       |       |       |      2.7
   1259     1.8     2.9      0.479  |IO     |       |       |       |      2.7
   1260     1.8     2.9      0.477  |IO     |       |       |       |      2.7
   1261     1.8     2.9      0.476  |IO     |       |       |       |      2.7
   1262     1.8     2.9      0.474  |IO     |       |       |       |      2.7
   1263     1.7     2.9      0.472  |IO     |       |       |       |      2.7
   1264     1.7     2.9      0.471  |IO     |       |       |       |      2.7
   1265     1.7     2.9      0.469  |IO     |       |       |       |      2.6
   1266     1.7     2.9      0.467  |IO     |       |       |       |      2.6
   1267     1.7     2.9      0.466  |IO     |       |       |       |      2.6
   1268     1.7     2.9      0.464  |IO     |       |       |       |      2.6
   1269     1.7     2.8      0.463  |IO     |       |       |       |      2.6
   1270     1.7     2.8      0.461  |IO     |       |       |       |      2.6
   1271     1.6     2.8      0.459  |IO     |       |       |       |      2.6
   1272     1.6     2.8      0.458  |IO     |       |       |       |      2.6
   1273     1.6     2.8      0.456  |IO     |       |       |       |      2.6
   1274     1.6     2.8      0.454  |IO     |       |       |       |      2.6
   1275     1.6     2.8      0.453  |IO     |       |       |       |      2.6
   1276     1.5     2.8      0.451  |IO     |       |       |       |      2.6
   1277     1.5     2.8      0.449  |IO     |       |       |       |      2.6
   1278     1.5     2.8      0.447  |IO     |       |       |       |      2.6
   1279     1.5     2.8      0.446  |IO     |       |       |       |      2.5
   1280     1.5     2.7      0.444  |IO     |       |       |       |      2.5
   1281     1.5     2.7      0.442  |IO     |       |       |       |      2.5
   1282     1.5     2.7      0.441  |IO     |       |       |       |      2.5
   1283     1.5     2.7      0.439  |IO     |       |       |       |      2.5
   1284     1.5     2.7      0.437  |IO     |       |       |       |      2.5
   1285     1.5     2.7      0.436  |IO     |       |       |       |      2.5
   1286     1.5     2.7      0.434  |IO     |       |       |       |      2.5
   1287     1.4     2.7      0.432  |IO     |       |       |       |      2.5
   1288     1.4     2.7      0.430  |O      |       |       |       |      2.5
   1289     1.4     2.7      0.429  |O      |       |       |       |      2.5
   1290     1.4     2.7      0.427  |O      |       |       |       |      2.5
   1291     1.4     2.6      0.425  |O      |       |       |       |      2.5
   1292     1.4     2.6      0.423  |O      |       |       |       |      2.4
   1293     1.4     2.6      0.422  |O      |       |       |       |      2.4
   1294     1.4     2.6      0.420  |O      |       |       |       |      2.4
   1295     1.4     2.6      0.418  |O      |       |       |       |      2.4
   1296     1.3     2.6      0.417  IO      |       |       |       |      2.4
   1297     1.3     2.6      0.415  IO      |       |       |       |      2.4
   1298     1.3     2.6      0.413  IO      |       |       |       |      2.4
   1299     1.3     2.6      0.411  IO      |       |       |       |      2.4
   1300     1.3     2.6      0.409  IO      |       |       |       |      2.4
   1310     1.3     2.5      0.393  IO      |       |       |       |      2.3
   1320     1.2     2.4      0.376  IO      |       |       |       |      2.2
   1330     1.1     2.3      0.360  IO      |       |       |       |      2.2
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   1340     1.1     2.2      0.344  IO      |       |       |       |      2.1
   1350     1.0     2.1      0.328  IO      |       |       |       |      2.0
   1360     1.0     2.0      0.313  IO      |       |       |       |      2.0
   1370     0.9     1.9      0.299  IO      |       |       |       |      1.9
   1380     0.9     1.9      0.285  IO      |       |       |       |      1.8
   1390     0.8     1.9      0.271  IO      |       |       |       |      1.8
   1400     0.7     1.9      0.255  IO      |       |       |       |      1.7
   1420     0.6     1.9      0.222  IO      |       |       |       |      1.5
   1440     0.6     1.8      0.188  IO      |       |       |       |      1.3
   1460     0.3     1.8      0.150  IO      |       |       |       |      1.1
   1500     0.3     1.1      0.085  O       |       |       |       |      0.6

Remaining water in basin =    0.09 (Ac.Ft)
Peak flow out of basin =    26.83(CFS)
Peak flow time = 1158 Min., time interval # = 44
Maximum depth in basin =    3.90(Ft.)
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  CIVILCADD/CIVILDESIGN  Engineering Software, (c) 1997-2004 Version 6.4  
-------------------------------------------------------------------- 
Study Date : 02/20/13 Input hydrograph file name : ms050p.HYD
Output hydrograph file name: msdet050.hin
 

User entry of depth-outflow-storage data
--------------------------------------------------------------------
Hydrograph time unit varies
Initial depth in storage basin =   0.00(Ft.)
--------------------------------------------------------------------
--------------------------------------------------------------------
Initial basin depth =   0.00 (Ft.)
Initial basin storage =      0.00 (Ac.Ft)
Initial basin outflow =   0.00 (CFS)
---------------------------------------------------------------------
--------------------------------------------------------------------
Depth vs. Storage and Depth vs. Discharge data @ 1 Min. Intervals:
 Basin Depth  Storage    Outflow   (S-O*dt/2)   (S+O*dt/2)
     (Ft.)    (Ac.Ft)    (CFS)     (Ac.Ft)    (Ac.Ft)
---------------------------------------------------------------------

          0.000      0.000      0.000      0.000        0.000
          1.000      0.140      1.800      0.139        0.141
          1.920      0.300      1.900      0.299        0.301
          2.000      0.320      2.100      0.319        0.321
          3.000      0.550      3.300      0.548        0.552
          3.470      0.680     13.200      0.671        0.689
          3.600      0.710     17.000      0.698        0.722
          3.900      0.800     26.900      0.781        0.819
          4.000      0.830     28.000      0.811        0.849
          4.100      0.860     35.700      0.835        0.885
          4.300      0.930     40.000      0.902        0.958

--------------------------------------------------------------------
Hydrograph Detention Basin Routing

Hydrograph at 5 439 A Storm Day: 1 Drainage Area =   19.10
Total flood hydrograph volume this storm day =    0.12 Ac. Ft.
---------------------------------------------------------------------

Graph values: 'I'= unit inflow; 'O'=outflow at time shown
---------------------------------------------------------------------

  Time   Inflow  Outflow    Storage                                     Depth 
  (Min)  (CFS)   (CFS)     (Ac.Ft) .0       0.6     1.1     1.7     2.2 (Ft.)
      0     0.0     0.0      0.000  O       |       |       |       |      0.0
    100     0.0     0.0      0.000  O       |       |       |       |      0.0
    200     0.0     0.0      0.000  O       |       |       |       |      0.0
    300     0.0     0.0      0.000  O       |       |       |       |      0.0
    400     0.0     0.0      0.000  O       |       |       |       |      0.0
    500     0.0     0.0      0.000  O       |       |       |       |      0.0
    600     0.0     0.0      0.000  O       |       |       |       |      0.0
    700     0.0     0.0      0.000  O       |       |       |       |      0.0
    800     0.0     0.0      0.000  O       |       |       |       |      0.0
    900     0.0     0.0      0.000  O       |       |       |       |      0.0
   1000     0.0     0.0      0.000  O       |       |       |       |      0.0
   1050     0.0     0.0      0.000  O       |       |       |       |      0.0
   1100     0.0     0.0      0.000  O       |       |       |       |      0.0
   1110     0.0     0.0      0.000  O       |       |       |       |      0.0
   1120     0.2     0.0      0.001  O I     |       |       |       |      0.0
   1130     0.2     0.0      0.004  O I     |       |       |       |      0.0
   1131     0.2     0.1      0.004  O I     |       |       |       |      0.0
   1132     0.2     0.1      0.004  O I     |       |       |       |      0.0
   1133     0.2     0.1      0.004  O I     |       |       |       |      0.0
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   1134     0.2     0.1      0.005  O I     |       |       |       |      0.0
   1135     0.3     0.1      0.005  O   I   |       |       |       |      0.0
   1136     0.3     0.1      0.005  O   I   |       |       |       |      0.0
   1137     0.3     0.1      0.006  |O  I   |       |       |       |      0.0
   1138     0.3     0.1      0.006  |O  I   |       |       |       |      0.0
   1139     0.3     0.1      0.006  |O  I   |       |       |       |      0.0
   1140     0.3     0.1      0.006  |O  I   |       |       |       |      0.0
   1141     0.3     0.1      0.007  |O  I   |       |       |       |      0.0
   1142     0.3     0.1      0.007  |O  I   |       |       |       |      0.1
   1143     0.3     0.1      0.007  |O  I   |       |       |       |      0.1
   1144     0.3     0.1      0.008  |O  I   |       |       |       |      0.1
   1145     0.4     0.1      0.008  |O   I  |       |       |       |      0.1
   1146     0.4     0.1      0.008  |O   I  |       |       |       |      0.1
   1147     0.5     0.1      0.009  |O     I|       |       |       |      0.1
   1148     0.6     0.1      0.010  |O      I       |       |       |      0.1
   1149     0.7     0.1      0.010  |O      | I     |       |       |      0.1
   1150     0.9     0.1      0.011  | O     |    I  |       |       |      0.1
   1151     1.1     0.2      0.013  | O     |       I       |       |      0.1
   1152     1.5     0.2      0.015  | O     |       |    I  |       |      0.1
   1153     1.7     0.2      0.017  |  O    |       |       I       |      0.1
   1154     2.0     0.2      0.019  |  O    |       |       |    I  |      0.1
   1155     2.2     0.3      0.022  |   O   |       |       |       I      0.2
   1156     2.2     0.3      0.024  |   O   |       |       |       I      0.2
   1157     2.2     0.3      0.027  |    O  |       |       |       I      0.2
   1158     2.1     0.4      0.029  |    O  |       |       |     I |      0.2
   1159     2.0     0.4      0.032  |    O  |       |       |    I  |      0.2
   1160     1.9     0.4      0.034  |     O |       |       |  I    |      0.2
   1161     1.8     0.5      0.035  |     O |       |       | I     |      0.3
   1162     1.6     0.5      0.037  |     O |       |      I|       |      0.3
   1163     1.5     0.5      0.038  |      O|       |    I  |       |      0.3
   1164     1.4     0.5      0.040  |      O|       |   I   |       |      0.3
   1165     1.3     0.5      0.041  |      O|       | I     |       |      0.3
   1166     1.2     0.5      0.042  |      O|       |I      |       |      0.3
   1167     1.1     0.5      0.042  |      O|       I       |       |      0.3
   1168     1.0     0.6      0.043  |       O     I |       |       |      0.3
   1169     1.0     0.6      0.044  |       O     I |       |       |      0.3
   1170     0.9     0.6      0.044  |       O    I  |       |       |      0.3
   1171     0.9     0.6      0.045  |       O    I  |       |       |      0.3
   1172     0.9     0.6      0.045  |       O    I  |       |       |      0.3
   1173     0.9     0.6      0.045  |       O    I  |       |       |      0.3
   1174     0.8     0.6      0.046  |       O  I    |       |       |      0.3
   1175     0.8     0.6      0.046  |       O  I    |       |       |      0.3
   1176     0.8     0.6      0.046  |       O  I    |       |       |      0.3
   1177     0.7     0.6      0.046  |       O I     |       |       |      0.3
   1178     0.7     0.6      0.047  |       O I     |       |       |      0.3
   1179     0.7     0.6      0.047  |       O I     |       |       |      0.3
   1180     0.7     0.6      0.047  |       O I     |       |       |      0.3
   1181     0.7     0.6      0.047  |       O I     |       |       |      0.3
   1182     0.6     0.6      0.047  |       O       |       |       |      0.3
   1183     0.6     0.6      0.047  |       O       |       |       |      0.3
   1184     0.6     0.6      0.047  |       O       |       |       |      0.3
   1185     0.6     0.6      0.047  |       O       |       |       |      0.3
   1186     0.5     0.6      0.047  |      IO       |       |       |      0.3
   1187     0.5     0.6      0.047  |      IO       |       |       |      0.3
   1188     0.5     0.6      0.047  |      IO       |       |       |      0.3
   1189     0.5     0.6      0.046  |      IO       |       |       |      0.3
   1190     0.5     0.6      0.046  |      IO       |       |       |      0.3
   1191     0.5     0.6      0.046  |      IO       |       |       |      0.3
   1192     0.5     0.6      0.046  |      IO       |       |       |      0.3
   1193     0.5     0.6      0.046  |      IO       |       |       |      0.3
   1194     0.5     0.6      0.046  |      IO       |       |       |      0.3
   1195     0.5     0.6      0.046  |      IO       |       |       |      0.3
   1196     0.5     0.6      0.046  |      IO       |       |       |      0.3
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   1197     0.5     0.6      0.045  |      IO       |       |       |      0.3
   1198     0.5     0.6      0.045  |      IO       |       |       |      0.3
   1199     0.5     0.6      0.045  |      IO       |       |       |      0.3
   1200     0.5     0.6      0.045  |      IO       |       |       |      0.3
   1201     0.5     0.6      0.045  |      IO       |       |       |      0.3
   1202     0.4     0.6      0.045  |    I  O       |       |       |      0.3
   1203     0.4     0.6      0.045  |    I  O       |       |       |      0.3
   1204     0.4     0.6      0.044  |    I  O       |       |       |      0.3
   1205     0.4     0.6      0.044  |    I  O       |       |       |      0.3
   1206     0.4     0.6      0.044  |    I  O       |       |       |      0.3
   1207     0.4     0.6      0.044  |    I  O       |       |       |      0.3
   1208     0.4     0.6      0.043  |    I  O       |       |       |      0.3
   1209     0.4     0.6      0.043  |    I  O       |       |       |      0.3
   1210     0.4     0.6      0.043  |    I  O       |       |       |      0.3
   1211     0.4     0.5      0.043  |    I O|       |       |       |      0.3
   1212     0.4     0.5      0.043  |    I O|       |       |       |      0.3
   1213     0.4     0.5      0.042  |    I O|       |       |       |      0.3
   1214     0.4     0.5      0.042  |    I O|       |       |       |      0.3
   1215     0.4     0.5      0.042  |    I O|       |       |       |      0.3
   1216     0.4     0.5      0.042  |    I O|       |       |       |      0.3
   1217     0.4     0.5      0.042  |    I O|       |       |       |      0.3
   1218     0.4     0.5      0.041  |    I O|       |       |       |      0.3
   1219     0.4     0.5      0.041  |    I O|       |       |       |      0.3
   1220     0.4     0.5      0.041  |    I O|       |       |       |      0.3
   1221     0.4     0.5      0.041  |    I O|       |       |       |      0.3
   1222     0.4     0.5      0.041  |    I O|       |       |       |      0.3
   1223     0.3     0.5      0.040  |   I  O|       |       |       |      0.3
   1224     0.3     0.5      0.040  |   I  O|       |       |       |      0.3
   1225     0.3     0.5      0.040  |   I  O|       |       |       |      0.3
   1226     0.3     0.5      0.039  |   I  O|       |       |       |      0.3
   1227     0.3     0.5      0.039  |   I  O|       |       |       |      0.3
   1228     0.3     0.5      0.039  |   I  O|       |       |       |      0.3
   1229     0.3     0.5      0.039  |   I  O|       |       |       |      0.3
   1230     0.3     0.5      0.038  |   I  O|       |       |       |      0.3
   1231     0.3     0.5      0.038  |   I  O|       |       |       |      0.3
   1232     0.3     0.5      0.038  |   I  O|       |       |       |      0.3
   1233     0.3     0.5      0.038  |   I  O|       |       |       |      0.3
   1234     0.3     0.5      0.037  |   I O |       |       |       |      0.3
   1235     0.3     0.5      0.037  |   I O |       |       |       |      0.3
   1236     0.3     0.5      0.037  |   I O |       |       |       |      0.3
   1237     0.3     0.5      0.037  |   I O |       |       |       |      0.3
   1238     0.3     0.5      0.036  |   I O |       |       |       |      0.3
   1239     0.3     0.5      0.036  |   I O |       |       |       |      0.3
   1240     0.3     0.5      0.036  |   I O |       |       |       |      0.3
   1241     0.3     0.5      0.036  |   I O |       |       |       |      0.3
   1242     0.3     0.5      0.036  |   I O |       |       |       |      0.3
   1243     0.3     0.5      0.035  |   I O |       |       |       |      0.3
   1244     0.3     0.5      0.035  |   I O |       |       |       |      0.3
   1245     0.3     0.4      0.035  |   I O |       |       |       |      0.2
   1246     0.3     0.4      0.035  |   I O |       |       |       |      0.2
   1247     0.3     0.4      0.034  |   I O |       |       |       |      0.2
   1248     0.3     0.4      0.034  |   I O |       |       |       |      0.2
   1249     0.3     0.4      0.034  |   I O |       |       |       |      0.2
   1250     0.3     0.4      0.034  |   I O |       |       |       |      0.2
   1251     0.2     0.4      0.034  | I   O |       |       |       |      0.2
   1252     0.2     0.4      0.033  | I   O |       |       |       |      0.2
   1253     0.2     0.4      0.033  | I   O |       |       |       |      0.2
   1254     0.2     0.4      0.033  | I   O |       |       |       |      0.2
   1255     0.1     0.4      0.032  |I    O |       |       |       |      0.2
   1256     0.1     0.4      0.032  |I   O  |       |       |       |      0.2
   1257     0.1     0.4      0.031  |I   O  |       |       |       |      0.2
   1258     0.1     0.4      0.031  |I   O  |       |       |       |      0.2
   1259     0.1     0.4      0.031  |I   O  |       |       |       |      0.2
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   1260     0.1     0.4      0.030  |I   O  |       |       |       |      0.2
   1261     0.1     0.4      0.030  |I   O  |       |       |       |      0.2
   1262     0.1     0.4      0.029  |I   O  |       |       |       |      0.2
   1263     0.1     0.4      0.029  |I   O  |       |       |       |      0.2
   1264     0.0     0.4      0.028  I    O  |       |       |       |      0.2
   1265     0.1     0.4      0.028  |I   O  |       |       |       |      0.2
   1266     0.1     0.4      0.028  |I   O  |       |       |       |      0.2
   1267     0.0     0.4      0.027  I    O  |       |       |       |      0.2
   1268     0.0     0.3      0.027  I    O  |       |       |       |      0.2
   1269     0.0     0.3      0.026  I   O   |       |       |       |      0.2
   1270     0.0     0.3      0.026  I   O   |       |       |       |      0.2
   1271     0.0     0.3      0.025  I   O   |       |       |       |      0.2
   1272     0.0     0.3      0.025  I   O   |       |       |       |      0.2
   1273     0.0     0.3      0.025  I   O   |       |       |       |      0.2
   1274     0.0     0.3      0.024  I   O   |       |       |       |      0.2
   1275     0.0     0.3      0.024  I   O   |       |       |       |      0.2
   1276     0.0     0.3      0.023  I   O   |       |       |       |      0.2
   1277     0.0     0.3      0.023  I   O   |       |       |       |      0.2
   1278     0.0     0.3      0.022  I   O   |       |       |       |      0.2
   1279     0.0     0.3      0.022  I   O   |       |       |       |      0.2
   1280     0.0     0.3      0.022  I   O   |       |       |       |      0.2
   1281     0.0     0.3      0.021  I  O    |       |       |       |      0.2
   1282     0.0     0.3      0.021  I  O    |       |       |       |      0.1
   1283     0.0     0.3      0.021  I  O    |       |       |       |      0.1
   1284     0.0     0.3      0.020  I  O    |       |       |       |      0.1
   1285     0.0     0.3      0.020  I  O    |       |       |       |      0.1
   1286     0.0     0.3      0.019  I  O    |       |       |       |      0.1
   1287     0.0     0.2      0.019  I  O    |       |       |       |      0.1
   1288     0.0     0.2      0.019  I  O    |       |       |       |      0.1
   1289     0.0     0.2      0.018  I  O    |       |       |       |      0.1
   1290     0.0     0.2      0.018  I  O    |       |       |       |      0.1
   1291     0.0     0.2      0.018  I  O    |       |       |       |      0.1
   1292     0.0     0.2      0.018  I  O    |       |       |       |      0.1
   1293     0.0     0.2      0.017  I  O    |       |       |       |      0.1
   1294     0.0     0.2      0.017  I  O    |       |       |       |      0.1
   1295     0.0     0.2      0.017  I  O    |       |       |       |      0.1
   1296     0.0     0.2      0.016  I  O    |       |       |       |      0.1
   1297     0.0     0.2      0.016  I O     |       |       |       |      0.1
   1298     0.0     0.2      0.016  I O     |       |       |       |      0.1
   1299     0.0     0.2      0.015  I O     |       |       |       |      0.1
   1300     0.0     0.2      0.015  I O     |       |       |       |      0.1
   1310     0.0     0.2      0.013  I O     |       |       |       |      0.1
   1320     0.0     0.1      0.011  IO      |       |       |       |      0.1
   1330     0.0     0.1      0.009  IO      |       |       |       |      0.1
   1340     0.0     0.1      0.007  IO      |       |       |       |      0.1
   1350     0.0     0.1      0.006  IO      |       |       |       |      0.0
   1360     0.0     0.1      0.005  O       |       |       |       |      0.0
   1370     0.0     0.1      0.004  O       |       |       |       |      0.0
   1380     0.0     0.0      0.004  O       |       |       |       |      0.0
   1390     0.0     0.0      0.003  O       |       |       |       |      0.0
   1400     0.0     0.0      0.003  O       |       |       |       |      0.0
   1420     0.0     0.0      0.002  O       |       |       |       |      0.0
   1440     0.0     0.0      0.001  O       |       |       |       |      0.0
   1460     0.0     0.0      0.001  O       |       |       |       |      0.0
   1500     0.2     0.1      0.005  O I     |       |       |       |      0.0

Remaining water in basin =    0.00 (Ac.Ft)
Peak flow out of basin =     0.60(CFS)
Peak flow time = 1181 Min., time interval # = 67
Maximum depth in basin =    0.34(Ft.)
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Hydrograph Detention Basin Routing

Hydrograph at 5 439 A Storm Day: 2 Drainage Area =   19.10
Total flood hydrograph volume this storm day =    0.92 Ac. Ft.
---------------------------------------------------------------------

Graph values: 'I'= unit inflow; 'O'=outflow at time shown
---------------------------------------------------------------------

  Time   Inflow  Outflow    Storage                                     Depth 
  (Min)  (CFS)   (CFS)     (Ac.Ft) .0       2.8     5.6     8.4    11.2 (Ft.)
      0     0.0     0.1      0.005  O       |       |       |       |      0.0
    100     0.0     0.0      0.001  O       |       |       |       |      0.0
    200     0.0     0.0      0.000  O       |       |       |       |      0.0
    300     0.0     0.0      0.000  O       |       |       |       |      0.0
    400     0.2     0.1      0.008  O       |       |       |       |      0.1
    500     0.2     0.2      0.014  O       |       |       |       |      0.1
    600     0.2     0.2      0.015  O       |       |       |       |      0.1
    700     0.2     0.2      0.016  O       |       |       |       |      0.1
    800     0.3     0.3      0.020  O       |       |       |       |      0.1
    900     0.3     0.3      0.023  O       |       |       |       |      0.2
   1000     0.3     0.3      0.023  O       |       |       |       |      0.2
   1050     0.8     0.5      0.037  |OI     |       |       |       |      0.3
   1100     1.6     0.9      0.073  | O I   |       |       |       |      0.5
   1110     2.0     1.1      0.084  |  O I  |       |       |       |      0.6
   1120     2.4     1.3      0.099  |  O  I |       |       |       |      0.7
   1130     2.9     1.5      0.116  |   O   I       |       |       |      0.8
   1131     2.9     1.5      0.118  |   O   I       |       |       |      0.8
   1132     3.0     1.5      0.120  |   O   I       |       |       |      0.9
   1133     3.0     1.6      0.122  |   O   I       |       |       |      0.9
   1134     3.1     1.6      0.124  |   O   I       |       |       |      0.9
   1135     3.2     1.6      0.127  |   O   |I      |       |       |      0.9
   1136     3.3     1.7      0.129  |   O   |I      |       |       |      0.9
   1137     3.4     1.7      0.131  |   O   |I      |       |       |      0.9
   1138     3.5     1.7      0.134  |   O   | I     |       |       |      1.0
   1139     3.6     1.8      0.136  |    O  | I     |       |       |      1.0
   1140     3.7     1.8      0.139  |    O  | I     |       |       |      1.0
   1141     3.8     1.8      0.142  |    O  | I     |       |       |      1.0
   1142     4.0     1.8      0.145  |    O  |  I    |       |       |      1.0
   1143     4.1     1.8      0.148  |    O  |  I    |       |       |      1.0
   1144     4.3     1.8      0.151  |    O  |   I   |       |       |      1.1
   1145     4.5     1.8      0.155  |    O  |   I   |       |       |      1.1
   1146     4.7     1.8      0.159  |    O  |    I  |       |       |      1.1
   1147     4.9     1.8      0.163  |    O  |     I |       |       |      1.1
   1148     5.2     1.8      0.168  |    O  |     I |       |       |      1.2
   1149     5.7     1.8      0.173  |    O  |       I       |       |      1.2
   1150     6.5     1.8      0.180  |    O  |       | I     |       |      1.2
   1151     7.5     1.8      0.188  |    O  |       |    I  |       |      1.3
   1152     8.6     1.8      0.197  |    O  |       |       I       |      1.3
   1153    10.0     1.8      0.208  |    O  |       |       |   I   |      1.4
   1154    10.9     1.9      0.221  |    O  |       |       |      I|      1.5
   1155    11.2     1.9      0.234  |    O  |       |       |       I      1.5
   1156    11.0     1.9      0.246  |    O  |       |       |      I|      1.6
   1157    10.3     1.9      0.258  |    O  |       |       |    I  |      1.7
   1158     9.2     1.9      0.268  |    O  |       |       | I     |      1.7
   1159     7.9     1.9      0.276  |    O  |       |     I |       |      1.8
   1160     6.9     1.9      0.283  |    O  |       |  I    |       |      1.8
   1161     5.9     1.9      0.289  |    O  |       I       |       |      1.9
   1162     5.2     1.9      0.293  |    O  |     I |       |       |      1.9
   1163     4.5     1.9      0.297  |    O  |   I   |       |       |      1.9
   1164     4.1     1.9      0.300  |    O  |  I    |       |       |      1.9
   1165     3.7     1.9      0.302  |    O  | I     |       |       |      1.9
   1166     3.3     1.9      0.304  |    O  |I      |       |       |      1.9
   1167     3.1     2.0      0.306  |    O  I       |       |       |      1.9
   1168     2.9     2.0      0.307  |    O  I       |       |       |      1.9
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   1169     2.7     2.0      0.308  |    O I|       |       |       |      2.0
   1170     2.6     2.0      0.309  |    O I|       |       |       |      2.0
   1171     2.5     2.0      0.309  |    O I|       |       |       |      2.0
   1172     2.4     2.0      0.310  |    OI |       |       |       |      2.0
   1173     2.3     2.0      0.310  |    OI |       |       |       |      2.0
   1174     2.2     2.0      0.311  |    OI |       |       |       |      2.0
   1175     2.1     2.0      0.311  |    OI |       |       |       |      2.0
   1176     2.1     2.0      0.311  |    OI |       |       |       |      2.0
   1177     2.0     2.0      0.311  |    O  |       |       |       |      2.0
   1178     2.0     2.0      0.311  |    O  |       |       |       |      2.0
   1179     1.9     2.0      0.311  |    O  |       |       |       |      2.0
   1180     1.9     2.0      0.311  |    O  |       |       |       |      2.0
   1181     1.9     2.0      0.310  |    O  |       |       |       |      2.0
   1182     1.8     2.0      0.310  |    O  |       |       |       |      2.0
   1183     1.8     2.0      0.310  |    O  |       |       |       |      2.0
   1184     1.8     2.0      0.310  |    O  |       |       |       |      2.0
   1185     1.6     2.0      0.309  |   IO  |       |       |       |      2.0
   1186     1.6     2.0      0.309  |   IO  |       |       |       |      2.0
   1187     1.6     2.0      0.308  |   IO  |       |       |       |      2.0
   1188     1.5     2.0      0.307  |   IO  |       |       |       |      1.9
   1189     1.5     2.0      0.307  |   IO  |       |       |       |      1.9
   1190     1.5     2.0      0.306  |   IO  |       |       |       |      1.9
   1191     1.5     2.0      0.305  |   IO  |       |       |       |      1.9
   1192     1.5     1.9      0.305  |   IO  |       |       |       |      1.9
   1193     1.4     1.9      0.304  |   IO  |       |       |       |      1.9
   1194     1.4     1.9      0.303  |   IO  |       |       |       |      1.9
   1195     1.4     1.9      0.303  |   IO  |       |       |       |      1.9
   1196     1.3     1.9      0.302  |  I O  |       |       |       |      1.9
   1197     1.3     1.9      0.301  |  I O  |       |       |       |      1.9
   1198     1.3     1.9      0.300  |  I O  |       |       |       |      1.9
   1199     1.3     1.9      0.299  |  I O  |       |       |       |      1.9
   1200     1.2     1.9      0.298  |  I O  |       |       |       |      1.9
   1201     1.2     1.9      0.297  |  I O  |       |       |       |      1.9
   1202     1.2     1.9      0.296  |  I O  |       |       |       |      1.9
   1203     1.2     1.9      0.295  |  I O  |       |       |       |      1.9
   1204     1.2     1.9      0.294  |  I O  |       |       |       |      1.9
   1205     1.2     1.9      0.293  |  I O  |       |       |       |      1.9
   1206     1.1     1.9      0.292  |  I O  |       |       |       |      1.9
   1207     1.1     1.9      0.291  |  I O  |       |       |       |      1.9
   1208     1.1     1.9      0.290  |  I O  |       |       |       |      1.9
   1209     1.1     1.9      0.289  |  I O  |       |       |       |      1.9
   1210     1.1     1.9      0.288  |  I O  |       |       |       |      1.9
   1211     1.1     1.9      0.287  |  I O  |       |       |       |      1.8
   1212     1.1     1.9      0.286  |  I O  |       |       |       |      1.8
   1213     1.1     1.9      0.285  |  I O  |       |       |       |      1.8
   1214     1.1     1.9      0.284  |  I O  |       |       |       |      1.8
   1215     1.1     1.9      0.283  |  I O  |       |       |       |      1.8
   1216     1.0     1.9      0.281  | I  O  |       |       |       |      1.8
   1217     1.0     1.9      0.280  | I  O  |       |       |       |      1.8
   1218     1.0     1.9      0.279  | I  O  |       |       |       |      1.8
   1219     1.0     1.9      0.278  | I  O  |       |       |       |      1.8
   1220     1.0     1.9      0.276  | I  O  |       |       |       |      1.8
   1221     0.9     1.9      0.275  | I  O  |       |       |       |      1.8
   1222     0.9     1.9      0.274  | I  O  |       |       |       |      1.8
   1223     0.9     1.9      0.272  | I  O  |       |       |       |      1.8
   1224     0.9     1.9      0.271  | I  O  |       |       |       |      1.8
   1225     0.9     1.9      0.270  | I  O  |       |       |       |      1.7
   1226     0.9     1.9      0.268  | I  O  |       |       |       |      1.7
   1227     0.9     1.9      0.267  | I  O  |       |       |       |      1.7
   1228     0.8     1.9      0.266  | I  O  |       |       |       |      1.7
   1229     0.8     1.9      0.264  | I  O  |       |       |       |      1.7
   1230     0.8     1.9      0.263  | I  O  |       |       |       |      1.7
   1231     0.8     1.9      0.261  | I  O  |       |       |       |      1.7
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   1232     0.8     1.9      0.260  | I  O  |       |       |       |      1.7
   1233     0.8     1.9      0.258  | I  O  |       |       |       |      1.7
   1234     0.8     1.9      0.257  | I  O  |       |       |       |      1.7
   1235     0.8     1.9      0.255  | I  O  |       |       |       |      1.7
   1236     0.8     1.9      0.254  | I  O  |       |       |       |      1.7
   1237     0.7     1.9      0.252  | I  O  |       |       |       |      1.6
   1238     0.7     1.9      0.250  | I  O  |       |       |       |      1.6
   1239     0.7     1.9      0.249  | I  O  |       |       |       |      1.6
   1240     0.7     1.9      0.247  | I  O  |       |       |       |      1.6
   1241     0.7     1.9      0.246  | I  O  |       |       |       |      1.6
   1242     0.7     1.9      0.244  | I  O  |       |       |       |      1.6
   1243     0.7     1.9      0.242  | I  O  |       |       |       |      1.6
   1244     0.7     1.9      0.241  | I  O  |       |       |       |      1.6
   1245     0.7     1.9      0.239  | I  O  |       |       |       |      1.6
   1246     0.6     1.9      0.237  |I   O  |       |       |       |      1.6
   1247     0.6     1.9      0.236  |I   O  |       |       |       |      1.6
   1248     0.6     1.9      0.234  |I   O  |       |       |       |      1.5
   1249     0.6     1.9      0.232  |I   O  |       |       |       |      1.5
   1250     0.6     1.9      0.231  |I   O  |       |       |       |      1.5
   1251     0.6     1.9      0.229  |I   O  |       |       |       |      1.5
   1252     0.6     1.9      0.227  |I   O  |       |       |       |      1.5
   1253     0.5     1.9      0.225  |I   O  |       |       |       |      1.5
   1254     0.5     1.9      0.223  |I   O  |       |       |       |      1.5
   1255     0.5     1.9      0.221  |I   O  |       |       |       |      1.5
   1256     0.5     1.8      0.220  |I   O  |       |       |       |      1.5
   1257     0.5     1.8      0.218  |I   O  |       |       |       |      1.4
   1258     0.5     1.8      0.216  |I   O  |       |       |       |      1.4
   1259     0.5     1.8      0.214  |I   O  |       |       |       |      1.4
   1260     0.5     1.8      0.212  |I   O  |       |       |       |      1.4
   1261     0.5     1.8      0.210  |I   O  |       |       |       |      1.4
   1262     0.5     1.8      0.208  |I   O  |       |       |       |      1.4
   1263     0.4     1.8      0.207  |I   O  |       |       |       |      1.4
   1264     0.4     1.8      0.205  |I   O  |       |       |       |      1.4
   1265     0.4     1.8      0.203  |I   O  |       |       |       |      1.4
   1266     0.4     1.8      0.201  |I   O  |       |       |       |      1.3
   1267     0.4     1.8      0.199  |I   O  |       |       |       |      1.3
   1268     0.4     1.8      0.197  |I   O  |       |       |       |      1.3
   1269     0.4     1.8      0.195  |I   O  |       |       |       |      1.3
   1270     0.4     1.8      0.193  |I   O  |       |       |       |      1.3
   1271     0.4     1.8      0.191  |I   O  |       |       |       |      1.3
   1272     0.4     1.8      0.189  |I   O  |       |       |       |      1.3
   1273     0.4     1.8      0.187  |I   O  |       |       |       |      1.3
   1274     0.4     1.8      0.185  |I   O  |       |       |       |      1.3
   1275     0.4     1.8      0.183  |I   O  |       |       |       |      1.2
   1276     0.4     1.8      0.181  |I   O  |       |       |       |      1.2
   1277     0.4     1.8      0.179  |I   O  |       |       |       |      1.2
   1278     0.3     1.8      0.177  I    O  |       |       |       |      1.2
   1279     0.2     1.8      0.175  I    O  |       |       |       |      1.2
   1280     0.3     1.8      0.172  I    O  |       |       |       |      1.2
   1281     0.3     1.8      0.170  I    O  |       |       |       |      1.2
   1282     0.2     1.8      0.168  I    O  |       |       |       |      1.2
   1283     0.2     1.8      0.166  I    O  |       |       |       |      1.1
   1284     0.2     1.8      0.164  I    O  |       |       |       |      1.1
   1285     0.2     1.8      0.161  I    O  |       |       |       |      1.1
   1286     0.2     1.8      0.159  I    O  |       |       |       |      1.1
   1287     0.2     1.8      0.157  I    O  |       |       |       |      1.1
   1288     0.2     1.8      0.155  I    O  |       |       |       |      1.1
   1289     0.2     1.8      0.153  I    O  |       |       |       |      1.1
   1290     0.2     1.8      0.150  I    O  |       |       |       |      1.1
   1291     0.2     1.8      0.148  I    O  |       |       |       |      1.0
   1292     0.2     1.8      0.146  I    O  |       |       |       |      1.0
   1293     0.2     1.8      0.144  I    O  |       |       |       |      1.0
   1294     0.2     1.8      0.142  I    O  |       |       |       |      1.0
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   1295     0.2     1.8      0.139  I    O  |       |       |       |      1.0
   1296     0.2     1.8      0.137  I    O  |       |       |       |      1.0
   1297     0.2     1.7      0.135  I   O   |       |       |       |      1.0
   1298     0.2     1.7      0.133  I   O   |       |       |       |      0.9
   1299     0.2     1.7      0.131  I   O   |       |       |       |      0.9
   1300     0.2     1.7      0.129  I   O   |       |       |       |      0.9
   1310     0.2     1.4      0.110  I   O   |       |       |       |      0.8
   1320     0.2     1.2      0.095  I  O    |       |       |       |      0.7
   1330     0.2     1.1      0.082  I  O    |       |       |       |      0.6
   1340     0.2     0.9      0.071  I O     |       |       |       |      0.5
   1350     0.2     0.8      0.062  I O     |       |       |       |      0.4
   1360     0.2     0.7      0.055  I O     |       |       |       |      0.4
   1370     0.2     0.6      0.048  IO      |       |       |       |      0.3
   1380     0.2     0.6      0.043  IO      |       |       |       |      0.3
   1390     0.2     0.5      0.039  IO      |       |       |       |      0.3
   1400     0.2     0.4      0.035  IO      |       |       |       |      0.2
   1420     0.2     0.4      0.029  IO      |       |       |       |      0.2
   1440     0.0     0.3      0.022  O       |       |       |       |      0.2
   1460     0.1     0.2      0.017  O       |       |       |       |      0.1
   1500     0.0     0.1      0.010  O       |       |       |       |      0.1

Remaining water in basin =    0.01 (Ac.Ft)
Peak flow out of basin =     2.01(CFS)
Peak flow time = 1176 Min., time interval # = 62
Maximum depth in basin =    1.96(Ft.)

Hydrograph Detention Basin Routing
Hydrograph at 5 439 A Storm Day: 3 Drainage Area =   19.10
Total flood hydrograph volume this storm day =    0.75 Ac. Ft.
---------------------------------------------------------------------

Graph values: 'I'= unit inflow; 'O'=outflow at time shown
---------------------------------------------------------------------

  Time   Inflow  Outflow    Storage                                     Depth 
  (Min)  (CFS)   (CFS)     (Ac.Ft) .0       2.8     5.6     8.4    11.2 (Ft.)
      0     0.0     0.1      0.010  O       |       |       |       |      0.1
    100     0.0     0.0      0.002  O       |       |       |       |      0.0
    200     0.0     0.0      0.000  O       |       |       |       |      0.0
    300     0.0     0.0      0.000  O       |       |       |       |      0.0
    400     0.0     0.0      0.000  O       |       |       |       |      0.0
    500     0.0     0.0      0.000  O       |       |       |       |      0.0
    600     0.2     0.1      0.008  O       |       |       |       |      0.1
    700     0.2     0.2      0.014  O       |       |       |       |      0.1
    800     0.2     0.2      0.015  O       |       |       |       |      0.1
    900     0.3     0.3      0.020  O       |       |       |       |      0.1
   1000     0.3     0.3      0.023  O       |       |       |       |      0.2
   1050     0.4     0.3      0.026  OI      |       |       |       |      0.2
   1100     1.2     0.6      0.050  |O I    |       |       |       |      0.4
   1110     1.6     0.8      0.060  | O I   |       |       |       |      0.4
   1120     2.0     0.9      0.073  | O  I  |       |       |       |      0.5
   1130     2.4     1.2      0.090  |  O  I |       |       |       |      0.6
   1131     2.4     1.2      0.091  |  O  I |       |       |       |      0.7
   1132     2.5     1.2      0.093  |  O   I|       |       |       |      0.7
   1133     2.6     1.2      0.095  |  O   I|       |       |       |      0.7
   1134     2.7     1.2      0.097  |  O   I|       |       |       |      0.7
   1135     2.7     1.3      0.099  |  O   I|       |       |       |      0.7
   1136     2.8     1.3      0.101  |  O    I       |       |       |      0.7
   1137     2.9     1.3      0.103  |  O    I       |       |       |      0.7
   1138     3.0     1.4      0.106  |  O    I       |       |       |      0.8
   1139     3.0     1.4      0.108  |  O    I       |       |       |      0.8
   1140     3.1     1.4      0.110  |   O   I       |       |       |      0.8
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   1141     3.2     1.4      0.113  |   O   |I      |       |       |      0.8
   1142     3.4     1.5      0.115  |   O   |I      |       |       |      0.8
   1143     3.5     1.5      0.118  |   O   | I     |       |       |      0.8
   1144     3.7     1.6      0.121  |   O   | I     |       |       |      0.9
   1145     3.9     1.6      0.124  |   O   |  I    |       |       |      0.9
   1146     4.1     1.6      0.128  |   O   |  I    |       |       |      0.9
   1147     4.3     1.7      0.131  |   O   |   I   |       |       |      0.9
   1148     4.5     1.7      0.135  |   O   |   I   |       |       |      1.0
   1149     5.0     1.8      0.140  |    O  |     I |       |       |      1.0
   1150     5.7     1.8      0.145  |    O  |       I       |       |      1.0
   1151     6.5     1.8      0.151  |    O  |       | I     |       |      1.1
   1152     7.5     1.8      0.159  |    O  |       |    I  |       |      1.1
   1153     8.6     1.8      0.169  |    O  |       |       I       |      1.2
   1154     9.3     1.8      0.179  |    O  |       |       | I     |      1.2
   1155     9.6     1.8      0.190  |    O  |       |       |  I    |      1.3
   1156     9.4     1.8      0.200  |    O  |       |       | I     |      1.3
   1157     8.8     1.8      0.210  |    O  |       |       |I      |      1.4
   1158     7.9     1.8      0.218  |    O  |       |     I |       |      1.4
   1159     7.0     1.9      0.225  |    O  |       |   I   |       |      1.5
   1160     6.1     1.9      0.231  |    O  |       |I      |       |      1.5
   1161     5.3     1.9      0.236  |    O  |      I|       |       |      1.5
   1162     4.6     1.9      0.239  |    O  |    I  |       |       |      1.6
   1163     4.1     1.9      0.242  |    O  |  I    |       |       |      1.6
   1164     3.6     1.9      0.245  |    O  | I     |       |       |      1.6
   1165     3.3     1.9      0.247  |    O  |I      |       |       |      1.6
   1166     3.0     1.9      0.248  |    O  I       |       |       |      1.6
   1167     2.8     1.9      0.250  |    O  I       |       |       |      1.6
   1168     2.6     1.9      0.251  |    O I|       |       |       |      1.6
   1169     2.4     1.9      0.251  |    OI |       |       |       |      1.6
   1170     2.3     1.9      0.252  |    OI |       |       |       |      1.6
   1171     2.2     1.9      0.252  |    OI |       |       |       |      1.6
   1172     2.1     1.9      0.253  |    OI |       |       |       |      1.6
   1173     2.0     1.9      0.253  |    O  |       |       |       |      1.6
   1174     1.9     1.9      0.253  |    O  |       |       |       |      1.6
   1175     1.9     1.9      0.253  |    O  |       |       |       |      1.6
   1176     1.8     1.9      0.253  |    O  |       |       |       |      1.6
   1177     1.8     1.9      0.253  |    O  |       |       |       |      1.6
   1178     1.8     1.9      0.253  |    O  |       |       |       |      1.6
   1179     1.7     1.9      0.252  |   IO  |       |       |       |      1.6
   1180     1.7     1.9      0.252  |   IO  |       |       |       |      1.6
   1181     1.7     1.9      0.252  |   IO  |       |       |       |      1.6
   1182     1.6     1.9      0.252  |   IO  |       |       |       |      1.6
   1183     1.6     1.9      0.251  |   IO  |       |       |       |      1.6
   1184     1.6     1.9      0.251  |   IO  |       |       |       |      1.6
   1185     1.5     1.9      0.250  |   IO  |       |       |       |      1.6
   1186     1.5     1.9      0.250  |   IO  |       |       |       |      1.6
   1187     1.5     1.9      0.249  |   IO  |       |       |       |      1.6
   1188     1.5     1.9      0.249  |   IO  |       |       |       |      1.6
   1189     1.5     1.9      0.248  |   IO  |       |       |       |      1.6
   1190     1.4     1.9      0.248  |   IO  |       |       |       |      1.6
   1191     1.4     1.9      0.247  |   IO  |       |       |       |      1.6
   1192     1.4     1.9      0.246  |   IO  |       |       |       |      1.6
   1193     1.3     1.9      0.246  |  I O  |       |       |       |      1.6
   1194     1.3     1.9      0.245  |  I O  |       |       |       |      1.6
   1195     1.3     1.9      0.244  |  I O  |       |       |       |      1.6
   1196     1.2     1.9      0.243  |  I O  |       |       |       |      1.6
   1197     1.2     1.9      0.242  |  I O  |       |       |       |      1.6
   1198     1.2     1.9      0.241  |  I O  |       |       |       |      1.6
   1199     1.2     1.9      0.240  |  I O  |       |       |       |      1.6
   1200     1.2     1.9      0.240  |  I O  |       |       |       |      1.6
   1201     1.2     1.9      0.239  |  I O  |       |       |       |      1.6
   1202     1.2     1.9      0.238  |  I O  |       |       |       |      1.6
   1203     1.2     1.9      0.237  |  I O  |       |       |       |      1.6
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   1204     1.1     1.9      0.236  |  I O  |       |       |       |      1.6
   1205     1.1     1.9      0.235  |  I O  |       |       |       |      1.5
   1206     1.1     1.9      0.234  |  I O  |       |       |       |      1.5
   1207     1.1     1.9      0.233  |  I O  |       |       |       |      1.5
   1208     1.1     1.9      0.232  |  I O  |       |       |       |      1.5
   1209     1.1     1.9      0.231  |  I O  |       |       |       |      1.5
   1210     1.1     1.9      0.229  |  I O  |       |       |       |      1.5
   1211     1.1     1.9      0.228  |  I O  |       |       |       |      1.5
   1212     1.0     1.9      0.227  | I  O  |       |       |       |      1.5
   1213     1.0     1.9      0.226  | I  O  |       |       |       |      1.5
   1214     1.0     1.9      0.225  | I  O  |       |       |       |      1.5
   1215     1.0     1.9      0.224  | I  O  |       |       |       |      1.5
   1216     1.0     1.9      0.223  | I  O  |       |       |       |      1.5
   1217     1.0     1.9      0.221  | I  O  |       |       |       |      1.5
   1218     1.0     1.9      0.220  | I  O  |       |       |       |      1.5
   1219     1.0     1.8      0.219  | I  O  |       |       |       |      1.5
   1220     0.9     1.8      0.218  | I  O  |       |       |       |      1.4
   1221     0.9     1.8      0.216  | I  O  |       |       |       |      1.4
   1222     0.9     1.8      0.215  | I  O  |       |       |       |      1.4
   1223     0.9     1.8      0.214  | I  O  |       |       |       |      1.4
   1224     0.9     1.8      0.213  | I  O  |       |       |       |      1.4
   1225     0.9     1.8      0.211  | I  O  |       |       |       |      1.4
   1226     0.9     1.8      0.210  | I  O  |       |       |       |      1.4
   1227     0.9     1.8      0.209  | I  O  |       |       |       |      1.4
   1228     0.8     1.8      0.207  | I  O  |       |       |       |      1.4
   1229     0.8     1.8      0.206  | I  O  |       |       |       |      1.4
   1230     0.8     1.8      0.204  | I  O  |       |       |       |      1.4
   1231     0.8     1.8      0.203  | I  O  |       |       |       |      1.4
   1232     0.8     1.8      0.201  | I  O  |       |       |       |      1.4
   1233     0.8     1.8      0.200  | I  O  |       |       |       |      1.3
   1234     0.8     1.8      0.199  | I  O  |       |       |       |      1.3
   1235     0.8     1.8      0.197  | I  O  |       |       |       |      1.3
   1236     0.7     1.8      0.196  | I  O  |       |       |       |      1.3
   1237     0.7     1.8      0.194  | I  O  |       |       |       |      1.3
   1238     0.7     1.8      0.192  | I  O  |       |       |       |      1.3
   1239     0.7     1.8      0.191  | I  O  |       |       |       |      1.3
   1240     0.7     1.8      0.189  | I  O  |       |       |       |      1.3
   1241     0.7     1.8      0.188  | I  O  |       |       |       |      1.3
   1242     0.7     1.8      0.186  | I  O  |       |       |       |      1.3
   1243     0.7     1.8      0.185  | I  O  |       |       |       |      1.3
   1244     0.7     1.8      0.183  | I  O  |       |       |       |      1.2
   1245     0.7     1.8      0.182  | I  O  |       |       |       |      1.2
   1246     0.6     1.8      0.180  |I   O  |       |       |       |      1.2
   1247     0.6     1.8      0.178  |I   O  |       |       |       |      1.2
   1248     0.6     1.8      0.177  |I   O  |       |       |       |      1.2
   1249     0.6     1.8      0.175  |I   O  |       |       |       |      1.2
   1250     0.6     1.8      0.173  |I   O  |       |       |       |      1.2
   1251     0.6     1.8      0.171  |I   O  |       |       |       |      1.2
   1252     0.6     1.8      0.170  |I   O  |       |       |       |      1.2
   1253     0.6     1.8      0.168  |I   O  |       |       |       |      1.2
   1254     0.6     1.8      0.166  |I   O  |       |       |       |      1.2
   1255     0.6     1.8      0.165  |I   O  |       |       |       |      1.1
   1256     0.6     1.8      0.163  |I   O  |       |       |       |      1.1
   1257     0.6     1.8      0.161  |I   O  |       |       |       |      1.1
   1258     0.6     1.8      0.160  |I   O  |       |       |       |      1.1
   1259     0.6     1.8      0.158  |I   O  |       |       |       |      1.1
   1260     0.6     1.8      0.156  |I   O  |       |       |       |      1.1
   1261     0.5     1.8      0.155  |I   O  |       |       |       |      1.1
   1262     0.4     1.8      0.153  |I   O  |       |       |       |      1.1
   1263     0.5     1.8      0.151  |I   O  |       |       |       |      1.1
   1264     0.4     1.8      0.149  |I   O  |       |       |       |      1.1
   1265     0.3     1.8      0.147  I    O  |       |       |       |      1.0
   1266     0.3     1.8      0.145  I    O  |       |       |       |      1.0
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   1267     0.3     1.8      0.143  I    O  |       |       |       |      1.0
   1268     0.3     1.8      0.141  I    O  |       |       |       |      1.0
   1269     0.3     1.8      0.139  I    O  |       |       |       |      1.0
   1270     0.3     1.8      0.137  I    O  |       |       |       |      1.0
   1271     0.3     1.7      0.135  I   O   |       |       |       |      1.0
   1272     0.3     1.7      0.133  I   O   |       |       |       |      0.9
   1273     0.3     1.7      0.131  I   O   |       |       |       |      0.9
   1274     0.3     1.7      0.129  I   O   |       |       |       |      0.9
   1275     0.3     1.6      0.127  I   O   |       |       |       |      0.9
   1276     0.3     1.6      0.125  I   O   |       |       |       |      0.9
   1277     0.3     1.6      0.123  I   O   |       |       |       |      0.9
   1278     0.3     1.6      0.122  I   O   |       |       |       |      0.9
   1279     0.3     1.5      0.120  I   O   |       |       |       |      0.9
   1280     0.3     1.5      0.118  I   O   |       |       |       |      0.8
   1281     0.3     1.5      0.117  I   O   |       |       |       |      0.8
   1282     0.3     1.5      0.115  I   O   |       |       |       |      0.8
   1283     0.3     1.5      0.113  I   O   |       |       |       |      0.8
   1284     0.3     1.4      0.112  I   O   |       |       |       |      0.8
   1285     0.3     1.4      0.110  I   O   |       |       |       |      0.8
   1286     0.3     1.4      0.109  I  O    |       |       |       |      0.8
   1287     0.3     1.4      0.107  I  O    |       |       |       |      0.8
   1288     0.3     1.4      0.106  I  O    |       |       |       |      0.8
   1289     0.3     1.3      0.104  I  O    |       |       |       |      0.7
   1290     0.3     1.3      0.103  I  O    |       |       |       |      0.7
   1291     0.3     1.3      0.101  I  O    |       |       |       |      0.7
   1292     0.3     1.3      0.100  I  O    |       |       |       |      0.7
   1293     0.3     1.3      0.099  I  O    |       |       |       |      0.7
   1294     0.3     1.3      0.097  I  O    |       |       |       |      0.7
   1295     0.3     1.2      0.096  I  O    |       |       |       |      0.7
   1296     0.3     1.2      0.095  I  O    |       |       |       |      0.7
   1297     0.3     1.2      0.094  I  O    |       |       |       |      0.7
   1298     0.3     1.2      0.092  I  O    |       |       |       |      0.7
   1299     0.3     1.2      0.091  I  O    |       |       |       |      0.7
   1300     0.3     1.2      0.090  I  O    |       |       |       |      0.6
   1310     0.3     1.0      0.079  I O     |       |       |       |      0.6
   1320     0.3     0.9      0.070  I O     |       |       |       |      0.5
   1330     0.3     0.8      0.062  I O     |       |       |       |      0.4
   1340     0.3     0.7      0.056  I O     |       |       |       |      0.4
   1350     0.3     0.7      0.051  IO      |       |       |       |      0.4
   1360     0.2     0.6      0.046  IO      |       |       |       |      0.3
   1370     0.2     0.5      0.041  IO      |       |       |       |      0.3
   1380     0.1     0.5      0.036  IO      |       |       |       |      0.3
   1390     0.1     0.4      0.031  IO      |       |       |       |      0.2
   1400     0.1     0.4      0.028  IO      |       |       |       |      0.2
   1420     0.1     0.3      0.022  O       |       |       |       |      0.2
   1440     0.1     0.2      0.018  O       |       |       |       |      0.1
   1460     0.1     0.2      0.015  O       |       |       |       |      0.1
   1500     0.0     0.1      0.009  O       |       |       |       |      0.1

Remaining water in basin =    0.01 (Ac.Ft)
Peak flow out of basin =     1.87(CFS)
Peak flow time = 1175 Min., time interval # = 61
Maximum depth in basin =    1.65(Ft.)

Hydrograph Detention Basin Routing
Hydrograph at 5 439 A Storm Day: 4 Drainage Area =   19.10
Total flood hydrograph volume this storm day =    4.37 Ac. Ft.
---------------------------------------------------------------------

Graph values: 'I'= unit inflow; 'O'=outflow at time shown
---------------------------------------------------------------------
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  Time   Inflow  Outflow    Storage                                     Depth 
  (Min)  (CFS)   (CFS)     (Ac.Ft) .0      12.9    25.8    38.6    51.5 (Ft.)
      0     0.0     0.1      0.009  O       |       |       |       |      0.1
    100     0.7     0.4      0.031  O       |       |       |       |      0.2
    200     0.7     0.6      0.050  O       |       |       |       |      0.4
    300     0.8     0.7      0.058  O       |       |       |       |      0.4
    400     1.2     1.0      0.078  O       |       |       |       |      0.6
    500     1.3     1.2      0.095  O       |       |       |       |      0.7
    600     1.4     1.3      0.104  O       |       |       |       |      0.7
    700     1.8     1.6      0.125  OI      |       |       |       |      0.9
    800     2.0     1.8      0.147  |O      |       |       |       |      1.0
    900     2.3     1.8      0.193  |O      |       |       |       |      1.3
   1000     2.9     1.9      0.295  |O      |       |       |       |      1.9
   1050     3.6     2.4      0.372  |OI     |       |       |       |      2.2
   1100     4.7     2.9      0.477  |OI     |       |       |       |      2.7
   1110     5.6     3.1      0.508  |O I    |       |       |       |      2.8
   1120     6.4     3.3      0.547  | OI    |       |       |       |      3.0
   1130     7.4     5.6      0.581  |  OI   |       |       |       |      3.1
   1131     7.5     5.8      0.583  |  OI   |       |       |       |      3.1
   1132     7.7     6.0      0.586  |  OI   |       |       |       |      3.1
   1133     7.8     6.2      0.588  |  OI   |       |       |       |      3.1
   1134     8.0     6.4      0.590  |  OI   |       |       |       |      3.1
   1135     8.2     6.6      0.593  |   OI  |       |       |       |      3.2
   1136     8.4     6.7      0.595  |   OI  |       |       |       |      3.2
   1137     8.7     6.9      0.598  |   OI  |       |       |       |      3.2
   1138     9.0     7.1      0.600  |   OI  |       |       |       |      3.2
   1139     9.3     7.4      0.603  |   OI  |       |       |       |      3.2
   1140     9.5     7.6      0.606  |   OI  |       |       |       |      3.2
   1141     9.8     7.8      0.609  |   O I |       |       |       |      3.2
   1142    10.2     8.0      0.612  |   O I |       |       |       |      3.2
   1143    10.6     8.3      0.616  |    OI |       |       |       |      3.2
   1144    10.9     8.5      0.619  |    OI |       |       |       |      3.2
   1145    11.4     8.8      0.623  |    O I|       |       |       |      3.3
   1146    12.1     9.2      0.627  |    O I|       |       |       |      3.3
   1147    12.9     9.5      0.632  |    O  I       |       |       |      3.3
   1148    14.1    10.0      0.638  |     O I       |       |       |      3.3
   1149    17.8    10.8      0.648  |     O |  I    |       |       |      3.4
   1150    23.2    12.0      0.664  |      O|     I |       |       |      3.4
   1151    29.6    14.1      0.687  |       O       | I     |       |      3.5
   1152    37.4    17.7      0.717  |       |  O    |      I|       |      3.6
   1153    46.0    21.7      0.753  |       |    O  |       |   I   |      3.7
   1154    51.1    25.9      0.791  |       |       O       |      I|      3.9
   1155    51.5    27.8      0.824  |       |       |O      |      I|      4.0
   1156    47.9    32.8      0.849  |       |       |   O   |    I  |      4.1
   1157    41.1    35.3      0.858  |       |       |    O  |I      |      4.1
   1158    32.6    34.5      0.855  |       |       |   IO  |       |      4.1
   1159    24.6    31.5      0.844  |       |      I|  O    |       |      4.0
   1160    19.2    28.0      0.829  |       |  I    |O      |       |      4.0
   1161    15.2    27.3      0.812  |       |I      O       |       |      3.9
   1162    12.5    26.1      0.792  |      I|       O       |       |      3.9
   1163    10.6    23.9      0.773  |     I |     O |       |       |      3.8
   1164     9.2    21.8      0.754  |    I  |    O  |       |       |      3.7
   1165     8.2    19.9      0.736  |    I  |   O   |       |       |      3.7
   1166     7.6    18.2      0.721  |   I   |  O    |       |       |      3.6
   1167     7.0    16.5      0.706  |   I   | O     |       |       |      3.6
   1168     6.6    14.9      0.694  |   I   |O      |       |       |      3.5
   1169     6.3    13.6      0.683  |  I    O       |       |       |      3.5
   1170     6.0    12.7      0.673  |  I   O|       |       |       |      3.4
   1171     5.7    12.0      0.664  |  I   O|       |       |       |      3.4
   1172     5.5    11.3      0.655  |  I   O|       |       |       |      3.4
   1173     5.3    10.7      0.648  |  I  O |       |       |       |      3.4
   1174     5.2    10.2      0.640  |  I  O |       |       |       |      3.3
   1175     5.0     9.7      0.634  |  I  O |       |       |       |      3.3
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   1176     4.9     9.2      0.627  |  I O  |       |       |       |      3.3
   1177     4.8     8.7      0.622  | I  O  |       |       |       |      3.3
   1178     4.7     8.3      0.616  | I  O  |       |       |       |      3.2
   1179     4.6     8.0      0.611  | I O   |       |       |       |      3.2
   1180     4.5     7.6      0.607  | I O   |       |       |       |      3.2
   1181     4.4     7.3      0.603  | I O   |       |       |       |      3.2
   1182     4.3     7.0      0.599  | I O   |       |       |       |      3.2
   1183     4.2     6.7      0.595  | I O   |       |       |       |      3.2
   1184     4.1     6.5      0.592  | I O   |       |       |       |      3.2
   1185     4.0     6.2      0.588  | IO    |       |       |       |      3.1
   1186     4.0     6.0      0.585  | IO    |       |       |       |      3.1
   1187     3.9     5.8      0.583  | IO    |       |       |       |      3.1
   1188     3.8     5.6      0.580  | IO    |       |       |       |      3.1
   1189     3.8     5.4      0.578  | IO    |       |       |       |      3.1
   1190     3.7     5.2      0.575  | IO    |       |       |       |      3.1
   1191     3.7     5.1      0.573  | IO    |       |       |       |      3.1
   1192     3.6     4.9      0.572  | IO    |       |       |       |      3.1
   1193     3.6     4.8      0.570  | O     |       |       |       |      3.1
   1194     3.5     4.7      0.568  | O     |       |       |       |      3.1
   1195     3.5     4.6      0.567  | O     |       |       |       |      3.1
   1196     3.4     4.4      0.565  | O     |       |       |       |      3.1
   1197     3.4     4.3      0.564  | O     |       |       |       |      3.0
   1198     3.4     4.2      0.562  | O     |       |       |       |      3.0
   1199     3.3     4.2      0.561  | O     |       |       |       |      3.0
   1200     3.3     4.1      0.560  | O     |       |       |       |      3.0
   1201     3.2     4.0      0.559  |IO     |       |       |       |      3.0
   1202     3.2     3.9      0.558  |IO     |       |       |       |      3.0
   1203     3.2     3.8      0.557  |IO     |       |       |       |      3.0
   1204     3.1     3.8      0.556  |IO     |       |       |       |      3.0
   1205     3.1     3.7      0.555  |IO     |       |       |       |      3.0
   1206     3.1     3.6      0.554  |IO     |       |       |       |      3.0
   1207     3.1     3.6      0.554  |IO     |       |       |       |      3.0
   1208     3.0     3.5      0.553  |IO     |       |       |       |      3.0
   1209     3.0     3.5      0.552  |IO     |       |       |       |      3.0
   1210     3.0     3.4      0.552  |IO     |       |       |       |      3.0
   1211     3.0     3.4      0.551  |IO     |       |       |       |      3.0
   1212     2.9     3.3      0.550  |IO     |       |       |       |      3.0
   1213     2.9     3.3      0.550  |IO     |       |       |       |      3.0
   1214     2.9     3.3      0.549  |IO     |       |       |       |      3.0
   1215     2.8     3.3      0.549  |IO     |       |       |       |      3.0
   1216     2.8     3.3      0.548  |IO     |       |       |       |      3.0
   1217     2.8     3.3      0.547  |IO     |       |       |       |      3.0
   1218     2.8     3.3      0.547  |IO     |       |       |       |      3.0
   1219     2.8     3.3      0.546  |IO     |       |       |       |      3.0
   1220     2.7     3.3      0.545  |IO     |       |       |       |      3.0
   1221     2.7     3.3      0.544  |IO     |       |       |       |      3.0
   1222     2.7     3.3      0.544  |IO     |       |       |       |      3.0
   1223     2.7     3.3      0.543  |IO     |       |       |       |      3.0
   1224     2.7     3.3      0.542  |IO     |       |       |       |      3.0
   1225     2.6     3.3      0.541  |IO     |       |       |       |      3.0
   1226     2.6     3.2      0.540  |IO     |       |       |       |      3.0
   1227     2.5     3.2      0.539  |IO     |       |       |       |      3.0
   1228     2.5     3.2      0.538  |IO     |       |       |       |      2.9
   1229     2.5     3.2      0.537  |IO     |       |       |       |      2.9
   1230     2.5     3.2      0.536  |IO     |       |       |       |      2.9
   1231     2.5     3.2      0.535  |IO     |       |       |       |      2.9
   1232     2.4     3.2      0.534  |O      |       |       |       |      2.9
   1233     2.4     3.2      0.533  |O      |       |       |       |      2.9
   1234     2.4     3.2      0.532  |O      |       |       |       |      2.9
   1235     2.3     3.2      0.531  |O      |       |       |       |      2.9
   1236     2.3     3.2      0.529  |O      |       |       |       |      2.9
   1237     2.3     3.2      0.528  |O      |       |       |       |      2.9
   1238     2.3     3.2      0.527  |O      |       |       |       |      2.9
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   1239     2.2     3.2      0.526  |O      |       |       |       |      2.9
   1240     2.2     3.2      0.524  |O      |       |       |       |      2.9
   1241     2.2     3.2      0.523  |O      |       |       |       |      2.9
   1242     2.2     3.2      0.522  |O      |       |       |       |      2.9
   1243     2.2     3.1      0.520  |O      |       |       |       |      2.9
   1244     2.2     3.1      0.519  |O      |       |       |       |      2.9
   1245     2.2     3.1      0.518  |O      |       |       |       |      2.9
   1246     2.1     3.1      0.516  |O      |       |       |       |      2.9
   1247     2.1     3.1      0.515  |O      |       |       |       |      2.8
   1248     2.1     3.1      0.513  |O      |       |       |       |      2.8
   1249     2.1     3.1      0.512  |O      |       |       |       |      2.8
   1250     2.1     3.1      0.511  |O      |       |       |       |      2.8
   1251     2.1     3.1      0.509  |O      |       |       |       |      2.8
   1252     2.1     3.1      0.508  |O      |       |       |       |      2.8
   1253     2.1     3.1      0.507  |O      |       |       |       |      2.8
   1254     2.1     3.1      0.505  |O      |       |       |       |      2.8
   1255     2.1     3.1      0.504  |O      |       |       |       |      2.8
   1256     2.1     3.1      0.503  |O      |       |       |       |      2.8
   1257     2.0     3.0      0.501  |O      |       |       |       |      2.8
   1258     2.0     3.0      0.500  |O      |       |       |       |      2.8
   1259     2.0     3.0      0.498  |O      |       |       |       |      2.8
   1260     2.0     3.0      0.497  |O      |       |       |       |      2.8
   1261     2.0     3.0      0.496  |O      |       |       |       |      2.8
   1262     2.0     3.0      0.494  |O      |       |       |       |      2.8
   1263     2.0     3.0      0.493  |O      |       |       |       |      2.8
   1264     2.0     3.0      0.491  |O      |       |       |       |      2.7
   1265     2.0     3.0      0.490  |O      |       |       |       |      2.7
   1266     2.0     3.0      0.489  |O      |       |       |       |      2.7
   1267     1.9     3.0      0.487  |O      |       |       |       |      2.7
   1268     1.9     3.0      0.486  |O      |       |       |       |      2.7
   1269     1.9     3.0      0.484  |O      |       |       |       |      2.7
   1270     1.9     2.9      0.483  |O      |       |       |       |      2.7
   1271     1.9     2.9      0.481  |O      |       |       |       |      2.7
   1272     1.9     2.9      0.480  |O      |       |       |       |      2.7
   1273     1.9     2.9      0.479  |O      |       |       |       |      2.7
   1274     1.9     2.9      0.477  |O      |       |       |       |      2.7
   1275     1.9     2.9      0.476  |O      |       |       |       |      2.7
   1276     1.9     2.9      0.474  |O      |       |       |       |      2.7
   1277     1.9     2.9      0.473  |O      |       |       |       |      2.7
   1278     1.9     2.9      0.472  |O      |       |       |       |      2.7
   1279     1.8     2.9      0.470  |O      |       |       |       |      2.7
   1280     1.8     2.9      0.469  |O      |       |       |       |      2.6
   1281     1.8     2.9      0.467  |O      |       |       |       |      2.6
   1282     1.8     2.9      0.466  |O      |       |       |       |      2.6
   1283     1.8     2.9      0.464  |O      |       |       |       |      2.6
   1284     1.8     2.8      0.463  |O      |       |       |       |      2.6
   1285     1.8     2.8      0.461  |O      |       |       |       |      2.6
   1286     1.8     2.8      0.460  |O      |       |       |       |      2.6
   1287     1.8     2.8      0.458  |O      |       |       |       |      2.6
   1288     1.8     2.8      0.457  |O      |       |       |       |      2.6
   1289     1.8     2.8      0.456  |O      |       |       |       |      2.6
   1290     1.8     2.8      0.454  |O      |       |       |       |      2.6
   1291     1.8     2.8      0.453  |O      |       |       |       |      2.6
   1292     1.8     2.8      0.452  |O      |       |       |       |      2.6
   1293     1.8     2.8      0.450  |O      |       |       |       |      2.6
   1294     1.7     2.8      0.449  |O      |       |       |       |      2.6
   1295     1.7     2.8      0.447  |O      |       |       |       |      2.6
   1296     1.7     2.8      0.446  |O      |       |       |       |      2.5
   1297     1.7     2.7      0.444  |O      |       |       |       |      2.5
   1298     1.7     2.7      0.443  |O      |       |       |       |      2.5
   1299     1.7     2.7      0.441  |O      |       |       |       |      2.5
   1300     1.7     2.7      0.440  |O      |       |       |       |      2.5
   1310     1.6     2.7      0.426  IO      |       |       |       |      2.5

Page 14



msdet050
   1320     1.5     2.6      0.411  IO      |       |       |       |      2.4
   1330     1.5     2.5      0.397  IO      |       |       |       |      2.3
   1340     1.4     2.4      0.383  IO      |       |       |       |      2.3
   1350     1.4     2.4      0.369  IO      |       |       |       |      2.2
   1360     1.3     2.3      0.356  IO      |       |       |       |      2.2
   1370     1.2     2.2      0.342  IO      |       |       |       |      2.1
   1380     1.2     2.1      0.328  IO      |       |       |       |      2.0
   1390     1.1     2.1      0.315  IO      |       |       |       |      2.0
   1400     1.1     1.9      0.303  IO      |       |       |       |      1.9
   1420     1.0     1.9      0.279  IO      |       |       |       |      1.8
   1440     0.9     1.9      0.254  IO      |       |       |       |      1.7
   1460     0.7     1.9      0.224  IO      |       |       |       |      1.5
   1500     0.7     1.8      0.161  IO      |       |       |       |      1.1

Remaining water in basin =    0.16 (Ac.Ft)
Peak flow out of basin =    35.30(CFS)
Peak flow time = 1157 Min., time interval # = 43
Maximum depth in basin =    4.09(Ft.)
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Site Detention Calculations
and Summary Information



The Malibu Institute
Detention Outflow Control

Final Detention Site and Parking.xls

Storm 

Frequency
2 5 10 25 50

Outflow rate 2 3.3 13.5 28.4 38.2
water surface 

for Q
1.92 2.96 3.43 3.85 4.04

Sum Q  thru 

orifices
2.00 3.30 13.50 28.40 38.20

Q o2 2.00 2.49 2.68 2.84 2.91 1 7.42 0.000 0.6 0.30

Q o5 0.00 0.81 0.98 1.10 1.16 2 5.50 1.920 0.6 0.16

Q o10 0.00 0.00 9.85 13.80 15.28 3 23.87 3.000 0.6 3.11

Q o25 0.00 0.00 0.00 10.67 12.90 4 25.08 3.433 0.6 3.43

Q o50 0.00 0.00 0.00 0.00 5.96 5 22.72 3.850 0.6 2.82

2 5 10 25 50

9.1 20.1 31.8 44.5 53.6
ms002p.hyd ms005p.hyd ms010p.hyd ms025p.hyd ms050p.hyd

m002site.OUT m005site.OUT m010site.OUT m025site.OUT m050site.OUT

1.9 2.9 3.4 3.9 4.0

0.298 0.539 0.665 0.786 0.845

2.0 3.3 13.5 28.4 38.2

1.92 2.962 3.43 3.85 4.04

Depth Storage Rate 0.301 0.539 0.665 0.786 0.845

feet acre/ft 2 3.3 13.5 28.4 38.2

0 0 0.00 0.00

1 0.14 1.80 0.14

1.92 0.30 2.00 0.30 0.30

2 0.32 2.10 0.32

2.96 0.54 3.30 0.54 0.54

3.43 0.665 13.50 0.66 0.66

3.6 0.71 17.00 0.71

3.85 0.786 28.40 0.79 0.79

4 0.83 28.50 0.83

4.04 0.845 38.20 0.84

5 1.17 40.00

6 1.55

7 2.00

7.5 2.25

8 2.52

Time to empty cf 13114 10365 5480 5265 2568

cf 1.00 2.65 8.4 20.95 33.3

sec 13114 3911 652 251 77

hrs 3.6 1.1 0.2 0.1 0.0 5.0

Basin A Site Detention Calculations

Volume

Average flow rate

step time

total hours

depth from retard program

max volume (acre feet)

max rate out of basin

acre-feet storage

Basin Storage 

capacity

depth (feet)

storage (acre-feet)

flow rate (cfs)

Q=CA*(2*g*h)^.5

"

"

"

"

retard entry 

and output 

data

storm frequency

max Q into Control

Proposed Hydrograph

Retard Output

storm frequency
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Appendix I Los Angeles County Reference 
 
 

 Los Angeles County Low Impact Development Manuel – BMP Reference Sheet 
 1-H1.14 - Point 50-year 24-hour Isohyet with site, soils and debris potential area 
 Runoff Coefficient Curve – Soil type 028 
 Runoff Coefficient Curve – Soil type 031 
 Runoff Coefficient Curve – Soil type 045 
 Debris Production Rates – B-1 
 Peak Bulking Factors – B-4 
 Cu values 

 



triad holmes associates Malibu Institute Drainage Report

BMP Reference Page

Bioretention 24

Green Roofs 35

Infiltration Basin 41

Porous Pavement 53

Vegetated Buffers 60

Vegetated Swale 63

County of Los Angeles Low Impact Development Manuel - Reference Sheet
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APPENDIX D 
 

Proportion Impervious Data
 



HYDROLOGY APPENDIX D 

Proportion Impervious Data 
 
Code Land Use Description % Impervious
1111 High-Density Single Family Residential 42 

1112 Low-Density Single Family Residential 21 

1121 Mixed Multi-Family Residential 74 

1122 Duplexes, Triplexes and 2-or 3-Unit Condominiums and Townhouses 55 

1123 Low-Rise Apartments, Condominiums, and Townhouses 86 

1124 Medium-Rise Apartments and  Condominiums 86 

1125 High-Rise Apartments and Condominiums 90 

1131 Trailer Parks and Mobile Home Courts, High-Density 91 

1132 Mobile Home Courts and Subdivisions, Low-Density 42 

1140 Mixed Residential 59 

1151 Rural Residential, High-Density 15 

1152 Rural Residential, Low-Density 10 

1211 Low- and Medium-Rise Major Office Use 91 

1212 High-Rise Major Office Use 91 

1213 Skyscrapers 91 

1221 Regional Shopping Center 95 

1222 Retail Centers (Non-Strip With Contiguous Interconnected Off-Street 96 

1223 Modern Strip Development 96 

1224 Older Strip Development 97 

1231 Commercial Storage 90 

1232 Commercial Recreation 90 

1233 Hotels and Motels 96 

1234 Attended Pay Public Parking Facilities 91 

1241 Government Offices 91 

1242 Police and Sheriff Stations 91 

1243 Fire Stations 91 

1244 Major Medical Health Care Facilities 74 

1245 Religious Facilities 82 

1246 Other Public Facilities 91 

1247 Non-Attended Public Parking Facilities 91 

1251 Correctional Facilities 91 

1252 Special Care Facilities 74 

1253 Other Special Use Facilities 86 

1261 Pre-Schools/Day Care Centers 68 

1262 Elementary Schools 82 

1263 Junior or Intermediate High Schools 82 

1264 Senior High Schools 82 

1265 Colleges and Universities 47 

1266 Trade Schools and Professional Training Facilities 91 

1271 Base (Built-up Area) 65 

1271.01 Base High-Density Single Family Residential 42 

1271.02 Base Duplexes, Triplexes and 2-or 3-Unit Condominiums and T 55 
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Code Land Use Description % Impervious 

1271.03 Base Government Offices 91 

1271.04 Base Fire Stations 91 

1271.05 Base Non-Attended Public Parking Facilities 91 

1271.06 Base Air Field 45 

1271.07 Base Petroleum Refining and Processing 91 

1271.08 Base Mineral Extraction - Oil and Gas 10 

1271.09 Base Harbor Facilities 91 

1271.10 Base Navigation Aids 47 

1271.11 Base Developed Local Parks and Recreation 10 

1271.12 Base Vacant Undifferentiated 1 

1272 Vacant Area 2 

1273 Air Field 45 

1274 Former Base (Built-up Area) 65 

1275 Former Base Vacant Area 2 

1276 Former Base Air Field 91 

1311 Manufacturing, Assembly, and Industrial Services 91 

1312 Motion Picture and Television Studio Lots 82 

1313 Packing Houses and Grain Elevators 96 

1314 Research and Development 91 

1321 Manufacturing 91 

1322 Petroleum Refining and Processing 91 

1323 Open Storage 66 

1324 Major Metal Processing 91 

1325 Chemical Processing 91 

1331 Mineral Extraction - Other Than Oil and Gas 10 

1332 Mineral Extraction - Oil and Gas 10 

1340 Wholesaling and Warehousing 91 

1411 Airports 91 

1411.01 Airstrip 10 

1412 Railroads 15 

1412.01 Railroads-Attended Pay Public Parking Facilities 91 

1412.02 Railroads-Non-Attended Public Parking Facilities 91 

1412.03 Railroads-Manufacturing, Assembly, and Industrial Services 91 

1412.04 Railroads-Petroleum Refining and Processing 91 

1412.05 Railroads-Open Storage 66 

1412.06 Railroads-Truck Terminals 91 

1413 Freeways and Major Roads 91 

1414 Park-and-Ride Lots 91 

1415 Bus Terminals and Yards 91 

1416 Truck Terminals 91 

1417 Harbor Facilities 91 

1418 Navigation Aids 47 

1420 Communication Facilities 82 

1420.01 Communication Facilities-Antenna 2 
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Code Land Use Description % Impervious 
1431 Electrical Power Facilities 47 

1431.01 Electrical Power Facilities-Powerlines (Urban) 2 

1431.02 Electrical Power Facilities-Powerlines (Rural) 1 

1432 Solid Waste Disposal Facilities 15 

1433 Liquid Waste Disposal Facilities 96 

1434 Water Storage Facilities 91 

1435 Natural Gas and Petroleum Facilities 91 

1435.01 Natural Gas and Petroleum Facilities-Manufacturing, Assembly, and In 91 

1435.02 Natural Gas and Petroleum Facilities-Petroleum Refining and Processing 91 

1435.03 Natural Gas and Petroleum Facilities-Mineral Extraction – Oil and Gas 10 

1435.04 Natural Gas and Petroleum Facilities-Vacant Undifferentiated 1 

1436 Water Transfer Facilities 96 

1437 Improved Flood Waterways and Structures 100 

1440 Maintenance Yards 91 

1450 Mixed Transportation 90 

1460 Mixed Transportation and Utility 91 

1460.01 
Mixed Utility and Transportation-Improved Flood Waterways and 
Structures 100 

1460.02 Mixed Utility and Transportation-Railroads 15 

1460.03 Mixed Utility and Transportation-Freeways and Major Roads 91 

1500 Mixed Commercial and Industrial 91 

1600 Mixed Urban 89 

1700 Under Construction (Use appropriate value) 91 

1810 Golf Courses 3 

1821 Developed Local Parks and Recreation 10 

1822 Undeveloped Local Parks and Recreation 2 

1831 Developed Regional Parks and Recreation 2 

1832 Undeveloped Regional Parks and Recreation 1 

1840 Cemeteries 10 

1850 Wildlife Preserves and Sanctuaries 2 

1850.01 Wildlife-Commercial Recreation 90 

1850.02 Wildlife-Other Special Use Facilities 86 

1850.03 Wildlife-Developed Local Parks and Recreation 10 

1860 Specimen Gardens and Arboreta 15 

1870 Beach Parks 10 

1880 Other Open Space and Recreation 10 

2110 Irrigated Cropland and Improved Pasture Land 2 

2120 Non-Irrigated Cropland and Improved Pasture Land 2 

2200 Orchards and Vineyards 2 

2300 Nurseries 15 

2400 Dairy, Intensive Livestock, and Associated Facilities 42 

2500 Poultry Operations 62 

2600 Other Agriculture 42 

2700 Horse Ranches 42 
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Code Land Use Description % Impervious 
3100 Vacant Undifferentiated 1 

3200 Abandoned Orchards and Vineyards 2 

3300 Vacant With Limited Improvements (Use appropriate value) 42 

3400 Beaches (Vacant) 1 

4100 Water, Undifferentiated 100 

4200 Harbor Water Facilities 100 

4300 Marina Water Facilities 100 

4400 Water Within a Military Installation 100 
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Las Virgenes Municipal Water District 
Preliminary Water System Design Report 

for 
Malibu Institute Development 

(Vesting Tentative Tract Map No. 71735) 
County of Los Angeles, California 

Section 1 – Introduction 

The Malibu Institute is proposing to make improvements to the Malibu Golf Club through the 

Malibu Institute Development (Project).  The Malibu Golf Club is located on the northwest end 

of the Malibu Coastal Zone, northwest of Malibu, in unincorporated Los Angeles County as 

shown on Plate 1.  The Project proposes to add several new buildings including guest 

bungalows, a clubhouse, a maintenance building, and the reconstruction of the golf course with 

a water‐wise turf. 

The purpose of this Water System Design Report is to investigate the feasibility of providing 

potable water service and recycled water service to the Project and to develop criteria for the 

facilities required to provide adequate service.  All sewage generated by the Project will be 

treated and disposed of on‐site by a private wastewater treatment system. Potable water 

demand for the Project is based on the “Potable Water System Master Plan for the Las Virgenes 

Municipal Water District,” by AECOM (formerly known as Boyle Engineering), (Ref. 1).  Recycled 

water demand for landscape irrigation within the proposed development is based on the 

“Recycled Water System Master Plan 2007” by AECOM (formerly known as Boyle Engineering), 

(Ref. 2).  Fire protection requirements are based on Los Angeles County Fire Department 

Regulation No. 8 (Ref. 3).     

The owner of the Malibu Golf Club is Malibu Associates, LLC, 901 Encinal Canyon Road, Malibu, 

CA 90265. 

The developer’s engineer is RCE Consultants, Inc., 23332 Mill Creek Drive, Suite 205, Laguna 

Hills, CA 92653, (949) 453‐0111.  
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Section 2 – Proposed Project 

The Project involves the construction of the Malibu Institute Development at the site of the existing 

Malibu Golf Club. The Malibu Golf Club is located at 901 Encinal Canyon Road, Malibu, CA 90265 as 

shown in Plate 1.  The Project includes the demolition of the existing Malibu Golf Club and construction 

of several new buildings, including guest bungalows, a clubhouse, maintenance building, conference 

rooms, a large lecture hall with classrooms, and a number of additional buildings totaling more than 

224,000 Square Feet (SF) of new space.  The existing golf course will be re‐graded and water efficient 

turf will be installed, but the overall design with respect to size of the course will be maintained.  The 

water system, within the new development, will require new pipelines and improvements to an 

existing pressure reducing station.  The existing pressure reducing station does not conflict with the 

developer’s plans and is not anticipated to be relocated. 

The existing golf course and future Malibu Institute Development are located on parcels zoned for R‐R‐

1 (Resort and Recreation) and A‐1‐1 (Light Agriculture) use.  The Los Angeles County‐Malibu Coastal 

Land Use Plan designates the land use for the property as Rural Land, with a maximum density of one 

(1) dwelling unit per two (2) acres (Plate 4 of Ref. 2). 

The sizes of the guest bungalows range from approximately 2,600 SF to 5,300 SF and the largest of the 

new buildings, the Malibu Institute, will be approximately 48,000 SF, as shown in the preliminary 

architectural drawings and developer’s e‐mail, provided in Appendix A. 

Per the property owners’ site plan, ground levels within the Project range from approximately 1,310 

feet in elevation at the entrance to the Malibu Golf Club, near Encinal Canyon Road, to 1,440 feet in 

elevation at the northwest end of the golf course.  Building pad elevations range from 1,304 feet to 

1,402 feet.  
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Section 3 – Potable Water Demand 

Domestic Use 

The existing Malibu Country Club is serviced by Las Virgenes Municipal Water District’s (District) 

Seminole System pressure zone (2,153‐foot gradient) through a pressure reducing station located on 

the most northwest corner of the golf course as shown on Plate 1. Land to the south of the Project site 

has been classified as open space/park land and is not anticipated to be developed.  Land immediately 

to the west and east of the Project has been classified as Mountain Lands and Public Use per Plate 4 of 

the Potable Water Master Plan Update 2007 (Ref. 1).  These surrounding properties may be more 

efficiently served by the existing Seminole System.  The proposed water system to serve the Project is 

not planned to serve future developments in the surrounding area. 

Estimates for the potable water demand are based on the average daily demand criteria presented in 

Table 5‐16 of the Potable Water Master Plan Update 2007 (Ref. 1).  Projected demands for irrigation 

provided by the developer were considered in the irrigation subsection below.  The average demand 

presented in Table 5‐16 for Mountain Land use within the County of Los Angeles includes an average of 

550 gallons per day per person (gpd/person) and 2.95 persons per residence.  The average daily 

demand for land designated, as “Mountain Land M‐2” is believed to be highly conservative for the 

Project.  Forty guest bungalows are proposed as part of the Project and will serve as overnight 

accommodations for guests of the Project.  A more appropriate demand for this type of development 

including accommodations and community buildings, not accounting for the golf course, is a demand 

of 250 gpd per person in residential application as noted in Table 5‐16 of the Master Plan.  A demand 

of 250 gpd per person was assumed for this study.  Maximum‐day demand (MDD) and peak‐hour 

demand (PHD) are based on peaking factors of 2.1 X ADD and 2.5 X MDD, respectively, from Table 5‐10 

of the Potable Water Master Plan Update 2007 (Ref. 1). 

20X2020 Water Conservation Plan 

In 2008, Governor Schwarzenegger introduced a seven‐part comprehensive plan to improve the 

Sacramento‐San Joaquin Delta.  Water conservation was included in that comprehensive plan and the 

20x2020 Water Conservation Plan (20x2020 Plan) was developed to set forth a statewide road map to 
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maximize the state’s urban water efficiency and conservation opportunities between 2009 and 2020, 

and beyond.  The 20x2020 Plan is designed to achieve a 20 percent per capita reduction in urban water 

demand by the year 2020.  These activities include improving an understanding of the variation in 

water use across California, promoting legislative initiatives that incentivize water agencies to promote 

water conservation, and creating evaluation and enforcement mechanisms to assure regional and 

statewide goals are met.  

Fire Flow 

The developer conducted preliminary investigations with the Los Angeles County Fire Department 

(LACFD) and coordinated with the Project architect to estimate the fire flow demands.  Based on that 

coordination effort, the LACFD has required a fire flow of 2,000 gpm for two (2) hous.  Appendix D 

contains the e‐mail correspondence between the property owners and the LACFD noting this fire flow 

requirement. 

Prior to adoption of the water system design report (WSDR) by the District Board, the property owners 

shall submit a plan approved by the LACFD showing the required fire flow and hydrant locations.  If the 

required fire flow is higher than 2,000 gpm, an amendment to this Water System Design Report will be 

required. 

Irrigation 

The existing Malibu Country Club currently uses potable water for irrigation of the golf course.  Section 

7 of this report notes that, at this time, recycled water will not be a feasible option for irrigation of the 

golf course.  This study presumes that potable water will be used for irrigation of the golf course.  

Using billing records (see Appendix B), provided by the District, from the Malibu Country Club from 

2009 through 2012, the maximum day demand was recorded during the month of August in 2009 with 

a volume of 386,000 gallons per day.  Projected irrigation demands (see Appendix C) provided by the 

developer were slightly lower at 360,000 gallons per day.  For purposes of this analysis, the higher 

demand was used as the maximum day demand.   
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The existing golf course includes a lake that provides for water storage.  The new development will 

keep the existing lake and will store water available to fire fighting helicopters.  Direct drafting by fire 

trucks is not planned.   

It is reasonable to assume that the daily demand will be replenished during a six (6) hour window 

during low demands at night.  Pumping 386,000 gallons over a six (6) hour period equates to a flow of 

1,071 gpm and is not anticipated to impact MDD demands during the day.  Table_1 summarizes the 

anticipated demands. 

 

Table 1 
Estimated Potable Water Demand for Proposed Project 

Land Use 
No. of 
Units  Demand Criteria 

Estimated Water Demand (gpm) 

Avg. Day 
Demand 

Max. Day 
Demand 

Peak Hour 
Demand 

Mountain Land M‐2  40 
2,000 gpd per 

unit (1)                   55.6  116.7(2)  291.7(3) 

Fire Flow Demand  ‐  ‐  2,000(4) 

Golf Course Irrigation  ‐  ‐  1,071(5) 
(1) Based on assuming 8 people per unit @ 250 gpd per person. 
(2) Domestic MDD Peaking Factor of 2.1. 
(3) Domestic PHD Peaking Factor of 2.5. 
(4) Based on information coordinated by the Developer and LACFD. See Appendix D. 
(5) Based on billing records from 2009 to 2012 showing a maximum day of 386,000 gallons of water per day. 
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Section 4 ‐ Existing Potable Water System 

The existing potable water system near the Project site is shown on Plate 1.  The Project will be 

supplied with potable water from the District’s nominal 2,153 foot gradient system, also known as the 

Seminole System.  The Seminole System is the District’s highest lift zone and is located in the 

southwest corner of its service area.  This system also delivers water to the Latigo and Three Springs 

Systems through pressure reducing stations.  The Seminole System is supplied from the Backbone 

System through the Seminole Pump Station.  The Seminole Pump Station is located on Mulholland 

Highway, west of Malibu Lake and has a capacity of 2,400 gpm with four 300 HP pumps (3 duty, 1 

standby).   

There are two reservoirs in the Seminole System; Seminole No. 1 which has a capacity of 0.5 million 

gallons (MG) and Seminole No. 2 with a capacity of 1.5 MG.  Table 2 below summarizes the 

components of the Seminole System based on Table 7‐1 of the District’s Potable Water Master Plan 

Update 2007 (Ref. 1). 

Table 2 
 Seminole System 

Description  Capacity 

Hydraulic Gradient  2,153 feet 

Seminole Pump Station  2,400 gpm 

Seminole No. 1 Tank  0.5 MG 

Seminole No. 2 Tank  1.5 MG 

Fire Flow  2,500 gpm 

Required Fire Storage  300,000 gallons 

Source  Backbone System (1,235 feet) 

Sub‐Systems 
Latigo 

Three Springs 

A portion of the existing system runs through the Malibu Golf Club on the northwest side of the 

property and includes a 10‐inch diameter pipeline that is buried 60‐feet below grade.  During the re‐

grading of the golf course, the developer is expected to work with the District to replace the deep 

portion of pipeline with a pipeline installed at a normal depth.  Plate PW‐101 of the District’s Standard 
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Plans and Specifications for Construction of Water Mains and Facilities provides details on depth of 

cover (36‐inches for 12‐inch or smaller pipe diameter).  Financial responsibility for the replacement of 

the portion of 10‐inch main will be addressed during the design phase of the proposed development. 

The Malibu Golf Club is served potable water through an existing 6‐inch meter with an 8‐inch pressure 

reducing valve (PRV).  The meter and PRV are contained within an 8’ x 3’ valve vault located in the 

northwest corner of the Malibu Golf Club.  A standard 8‐inch Cla‐Val PRV (Model 90‐01) has a 

maximum continuous flow capacity of 3,100 gpm and a maximum intermittent flow capacity of 3,900 

gpm (per manufacturer’s catalog information). The PRV serving the Malibu Golf Club has a hydrostatic 

inlet gradient of 2,153‐feet and a discharge gradient of approximately 1,615‐feet.  The existing 6‐inch 

meter serving the property is only capable of providing a maximum flow of 1,000 gpm, per District 

provided information.  In order to provide a fire flow greater than 1,000 gpm, a detector check valve 

with its own PRV will need to be installed parallel to the existing meter and PRV.  Plate PW‐109 of the 

District’s standards provides details for the installation of a detector check.
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Section 5 ‐ Proposed Potable Water System 

Using the District’s hydraulic model from the 2007 Master Plan Update, the system was modeled 

during a Max Day Demand (MDD) with a fire flow (FF) demand of 2,000 gpm at the Project site.  The 

results of the analysis show that a fire flow of 2,000 gpm can be delivered without negatively impacting 

the Seminole System.  Based on Table 7‐1 of the Potable Water Master Plan Update 2007 (Ref. 1), the 

Seminole System has sufficient storage for a 2 hour fire flow demand of 2,000 gpm.  If a Fire Flow 

larger than 2,000 gpm is required by LACFD, this report will need to be updated and improvements to 

the District’s system may be required.  Table 3 summarizes the results of the analysis. 

Table 3 
Seminole System Pressures with Fire Flow Demands at  

Malibu Institute Development 

MDD and No FF  MDD + 2,000 GPM FF 

ID(a)  Pressure (psi)  Pressure (psi) 

1941  123.6  38.6 

1949  173.7  54.7 

1940  117.4  39.7 

1943  127.9  42.9 

4408(b)  106.9  105.5 
(a) See Plate 1 for location of nodes. 

(b) Location of Malibu Institute Development/Malibu Country Club demand. 

As previously noted, a new detector check valve is required for flows greater than 1,000 gpm (the flow 

limit of the existing meter).  Plate PW‐109 of the District’s standards provides details for the 

installation of such device.   

Pipeline Access and Easements 

The existing pressure reducing station and the District mainline located within the Project property are 

anticipated to stay within existing District easements. Improvements, if any, to District owned facilities 

will remain within existing easements or new easements shall be dedicated to the District prior to the 

water system being approved.  Regular access is required for meter reading, maintenance, and repairs.  
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Section 6 ‐ Recycled Water 

Historical data provided by the developer (Appendix C) shows that approximately 193 acre‐feet per 

year of water is used for golf course irrigation. 

Economic Feasibility 

The nearest recycled water pipelines are located approximately five miles north of the Project site as 

shown on Plate 3. 

Various studies investigating the feasibility to deliver recycled water to the Malibu Golf Club have been 

completed including the Malibu Golf Course Recycled Water Service Study (Ref. 4) and the Recycled 

Water Master Plan Update 2007 (Ref. 2).  In 2004, the project to deliver recycled water to the Malibu 

Golf Club, named the Decker Canyon Project, was designed, permitted, and advertised for bid, but was 

never constructed (Plate 3 shows the project alternative that was designed and advertised for bid as 

well as an alternative alignment).  The contractor bids that were submitted were significantly higher 

than budgeted estimates.   

The cost for the recycled water project (based on contractor bids) from the Recycled Water Master 

Plan Update 2007 was estimated at $7,800,000 in 2007 dollars.  Assuming a 3% inflation rate, costs for 

the project are estimated at $9,000,000 in 2012 dollars.  

The estimated cost per acre‐foot of water (using an estimated demand of 193 acre‐feet per year based 

on previous billing records for the years 2010 and 2011) served is thus approximately $47,000, which is 

well above the District’s benchmark for economic feasibility of recycled water facilities.  This analysis 

shows that a recycled water system is not economically feasible at this time and, therefore, not 

required.   

However, new irrigation systems should be designed so they can be readily separated from any 

domestic plumbing, and thus be easily converted to recycled water, should connection to the system 

become more feasible (LVMWD Code No. 4.3.202(e)).    
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Irrigation Demands Included in Table 1 

Because connection to the Recycled Water System does not appear to be economically feasible at this 

time, the irrigation demands were also included in Table 1.  
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Section 7 ‐ Sewer System and Sewage Generation 

All sewage generated by the Malibu Institute Development will be treated and disposed of on‐site by a 

private wastewater treatment system.
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Section 8 ‐ Construction Phasing and Acceptance 

It is anticipated that improvements to the District’s water system will be constructed in a single phase.  

The improvements, the new PRV and detector check shown on Plate 2, will be dedicated and accepted 

by the District only upon their completion in whole, unless other arrangements are agreed upon 

among the parties. 

 In accordance with standard policy, the District will consider final acceptance of the District owned 

potable water system facilities (those shown on Plate 2) when construction is complete.  Construction 

shall be considered complete when the facilities related to the District owned potable system have 

been installed in accordance with the District's standards and the approved water system design 

report.  

The owners must comply with the Special Conditions for performance bonds, temporary risers and 

hose bibs, and repair of damage to accepted water system components set forth in the District's 

memorandum entitled, "Review of Policy ‐ Acceptance of Tract Water Systems (July 14, 1989)".
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Section 9 ‐ Water Conservation 

In accordance with District Water Ordinance 11‐86‐161, the following water conservation measures 

are required: 

 Waste and leakage of water is not allowed. 

 For residential projects, all toilets installed shall use 1.6 gallons or less per flush, and all 

showerheads shall flow at 2.5 gallons per minute, or less, at 80 psi. 

To obtain maximum benefit of the limited water resources of the State of California, the District and 

various incorporated cities have adopted landscape ordinances that require plant materials and 

irrigation systems to be water efficient.  In accordance with District Ordinance No. 1‐93‐205, landscape 

and irrigation plans must be submitted to the District for review.  The landscape and irrigation plans 

must be in conformance with District landscaping and irrigation specifications as contained in the Las 

Virgenes Municipal Water District Landscaping Guide. 

Due to the severity of the water shortage the State of California is currently facing, various levels of 

mandatory water conservation will need to be implemented by the property owners.  However, long‐

term water consumption data will be used to plan and design the water system.    
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Section 10 ‐ Financial Impact on District 

The new potable water system facilities downstream of the pressure reducing station at the golf course 

are for the benefit of the project participants and provide no benefit to the existing District system; 

therefore, no District financial participation in the new water system facilities related to the Project, 

including the installation of a detector check and PRV is warranted under District Rules and 

Regulations.   

A portion of the existing 10‐inch diameter pipeline buried approximately 60‐feet below grade is 

expected to be replaced during the regarding of the golf course.  Financial obligations and 

responsibilities will be addressed during the design of the planned development. 
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Section 11 ‐ Environmental Review 

The District is a “responsible agency” for the purpose of environmental review of this Project under the 

California Environmental Quality Act (CEQA).  The lead agency for the environmental review is the 

County of Los Angeles or the next public agency that has permitting/approval authority over the 

project.  Environmental documents may or may not be required for this proposed public water system. 

Prior to approval of a “Final” Water System Design Report for this project, copies of adopted 

environmental and/or planning documents must be provided to the District, showing conditions of 

approval.
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Section 12 ‐ Conclusions and Recommendations 

A. It is concluded that: 

1. To provide adequate potable water service to the Project, the following facilities must be 

installed by the owners: 

a) The pressure reducing valve and detector check valve shown on Plate 2. 

2. Any service connections within the Project that will experience pressures in excess of 150 psi 

will require a pressure regulator. 

3. All buildings within the Project that will experience pressures in excess of 80 psi at the service 

connection will require individual pressure regulators ahead of the building plumbing in 

accordance with the 80 psi limitation imposed by the Plumbing Code. 

4. Currently, a main extension for the District’s Recycled Water System is not economically 

feasible and therefore not required, however, irrigation facilities should be installed for future 

conversion to recycled water per LVMWD Code 4.3.202(e). 

5. The water system project is not proposed to be accepted in phases.   

B. It is recommended that: 

1. The proposed potable water system facilities shown on Plate 2 and outlined herein be 

approved for planning purposes only. 

2. The property owners have the Los Angeles County Fire Department verify the location of fire 

hydrants and the fire flow requirements for the Project and submit an approved plan to the 

District reflecting the fire flow demand and hydrant locations.   
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3. Because of the rugged nature of the terrain, the slope stability for the pipeline and the 

maintenance roads be reviewed and signed by a licensed engineering geologist or geotechnical 

engineer responsible for the Project.   

4. The District require the property owners to dedicate properly recorded easements for 

appurtenances not in public streets, including the new pressure reducing valve and detector 

check valve.  In addition, the property owners shall grant easements for general access, 

operation and maintenance of the District owned system. 

5. The District require easement parcels for the detector check valve and pressure reducing 

station, including space for maintenance access. 

6. The District require all above‐ground District‐owned facilities (i.e. meters larger than 2 inches, 

detector check installations, and backflow prevention devices) be installed above ground and 

screened from view in accordance with District standard plans. 

7. The Board determine that no District financial participation in the construction of the on‐site or 

off‐site water system facilities is warranted for the Project’s water system.  The costs for the 

replacement of a portion of the existing 10‐inch water main crossing the property on the 

northwest side will be further discussed and agreed to during the design phase of the 

development. 

8. Copies of environmental documents in accordance with CEQA adopted by a lead agency or 

development permits showing conditions of approval be furnished for the preparation of a Final 

Water System Design Report. 

9. Copies of development permits from the California Coastal Commission (if applicable) and other 

governing agencies be furnished prior to the approval of water system construction plans.
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Section 13 ‐ Limitations 

Report Intent.  This Water System Design Report is intended only to develop the hydraulic information 

necessary to design a water system.  No effort has been made at this time to precisely locate existing 

or proposed facilities.  Conflicts may develop as more information is discovered about both existing 

and proposed pipelines, street grades, etc.  Corrections of conflicts related to this project will be the 

responsibility of the applicant. 

Project Changes.  This Water System Design Report is based upon maps of the Malibu Institute 

Development properties prepared by RCE Consultants, Inc., County of Los Angeles Planning 

Documents, and upon information submitted by the subject properties and its representatives.  

Accordingly, this design report may be subject to modification to reflect changes made by the 

applicant.  This report may also be subject to modification to reflect additions or amendments to the 

District's Water Ordinance and the District's Design Standards prior to approval of the final design.  Any 

revision in the above information or project map or deviation therefrom may invalidate the 

conclusions and recommendations.  A supplemental or amended report must be prepared for the use 

of the District at the applicant's sole expense if the project or the data is changed. 

Other Agency Approvals.  This Water System Design Report has been prepared at the request of the 

owners of the Malibu Golf Club and the Project proponent.  Preparation of this report does not 

indicate the District either supports or opposes the underlying Project or any related project.  District 

staff will answer questions concerning this report.  However, the Project proponent is solely 

responsible for securing necessary project approvals from state, regional, and local agencies with 

jurisdiction by law without the express or implied intervention or support of the District. 

Project Delays.  This Water System Design Report is based upon the assumption that the Project will be 

implemented in due course.  A supplement, amendment or complete report must be prepared for the 

use of the District at the proponent's sole expense if the Project is unduly delayed. 



 

13 - 2 

Warranty of Supply.  The preparation of this Water System Design Report does not constitute a 

commitment by the District to supply water or provide sanitation service to the Project.  The Project 

will be assured of connection to the water and sanitation systems of the District only if the proponent 

also satisfies all terms and conditions for service as set forth in the District's code, and capacity is 

available at the time arrangements for service are finalized. 

Fire flow is per current standards.  The District does not guarantee future fire flow due to changing 

standards.
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Baez, Fernando

From: Frank Cahill [fcahill@rceconsult.com]
Sent: Tuesday, July 10, 2012 9:50 AM
To: Gallagher, Ryan
Subject: FW: Malibu Institute - Water System Design
Attachments: Malibu CC_WP_proposed 25JUN12.pdf; 01446-03.TIF; 08287.TIF

FYI 
 

From: Frank Cahill  
Sent: Friday, July 06, 2012 4:55 PM 
To: 'JZhao@lvmwd.com' 
Cc: Victor Illig; Rich Clark 
Subject: Malibu Institute - Water System Design 
 
Mr. Zhao, 
 
Following up on your discussions with Mr. Vic Illig of RCE regarding the proposed Malibu Institute development, the 
following summary of the project should include the information required by your consultant to prepare an analysis of the 
water system for the project: 
 
The project consists of a golf course and the following buildings: 
 
Malibu Institute           48,220 square feet 
Security/Information Building      447 square feet     
Golf Pro Shop/Grill                      12,104 square feet     
Cart Barn                                     9,162 square feet   
Clubhouse                       30,147 square feet   
40 Guest Bungalows               109,140 square feet   
Maintenance Building                 10,500 square feet    
Warehouse                                 4,623 square feet   
 
Total                                             224,343 square feet 
 
Please refer to the preliminary Vesting Tentative Tract Map exhibits and the preliminary Architectural Drawings at the 
following link: 
 
https://rceconsult.sharefile.com/d/s3f0a8dea4e44540b 
 
Fire Flow: 
We discussed the project with the Fire Department and we were told that the Fire Flow should comply with the Fire Code.  
Based on discussions with the Architect (for maximum building size and construction type) and the California/Uniform Fire 
Code, a 35,200 (maximum) square foot Type IV building requires 3,250 gpm for 3 hours but is allowed a 50% reduction 
(actually up to 75% depending on the Fire Department) if sprinklered.  This equates to 1,625 gpm for 3 hours.  (The 
Architect agreed to separate the “Malibu Institute” building into separate fire areas using fire walls such that no single 
building area would be above 35,200 square feet). 
 
Recycled Water: 
We understand there are plans to bring recycled water to the project in the future but currently the design anticipates 
irrigating the golf course using domestic water.  The irrigation demand calculation is attached to this e-mail. 
 
Sewer: 
There is no sewer system in the vicinity.  The project sewage will be handled by a private on-site Waste Water Treatment 
System.  
 
Schedule: 



2

We are trying to get this project completed as soon as possible.  Can we have your consultant’s report completed by mid-
August? 

Please let me know if you need any further information and thank you for your cooperation. 

Regards, 
  
Frank. 
 
Frank Cahill, P.E. 

  
RCE Consultants, Inc. 
23332 Mill Creek Drive, Suite 205 
Laguna Hills, CA 92653 
949.453.0111 Extension 104 
Fax: 949.453.0411 
Cell: 949.838.4534 
FCahill@rceconsult.com 
 



1

2

4

7

12

36

38

39

22

35

S-1

05.18.2012

JET

EXHIBIT A MAP

211089

The Malibu Institute

901 Encinal Canyon Road
Malibu, CA 90265

PRELIMINARY
NOT FOR

CONSTRUCTION

SHEET INDEX

LEGEND

SCALE:  1" = 200'-0"

ZONING INFORMATION

LAND USE DESIGNATIONS
MALIBU COASTAL



SCALE:

1 SITE PLAN
1" = 60'

211089

The Malibu Institute

901 Encinal Canyon Road
Malibu, CA 90265

PRELIMINARY
NOT FOR

CONSTRUCTION

S-2

05.18.2012

NDH

SITE PLAN













































SCALE:

1. POOL RESTROOM & CHANGING ROOM FLOOR PLAN
1/8" = 1'-0"

211089

The Malibu Institute

901 Encinal Canyon Road
Malibu, CA 90265

PRELIMINARY
NOT FOR

CONSTRUCTION

S-29

05.18.2012

DMJ

POOL RESTROOM
& CHANGING ROOM
FLOOR PLAN



 

 

Appendix B 

Billing Records 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Created Date/Time: 09/11/2012 04:00:55 PM

Customer Number: 062120         

Account Number: 0000960100     

Service Address: 901 ENCINAL CANYON RD

Mailing Address:

MALIBU GOLF CLUB, LLC

901 ENCINAL CYN RD

MALIBU,CA 90265

Service Read Date Meter # Previous Current Days Billed Usage Units Average Ave (gal

Water 8/28/2012 0:00 27800752 999006 28898 62 29892 HCF 482.13 360633

Water 6/27/2012 0:00 27800752 976579 999006 63 22427 HCF 355.98 266273

Water 4/25/2012 0:00 27800752 967890 976579 62 8689 HCF 140.15 104832

Water 2/23/2012 0:00 27800752 961938 967890 64 5952 HCF 93 69564

Water 12/21/2011 0:00 27800752 958394 961938 56 3544 HCF 63.29 47341

Water 10/26/2011 0:00 27800752 939669 958394 64 18725 HCF 292.58 218850

Water 8/23/2011 0:00 27800752 914346 939669 57 25323 HCF 444.26 332306

Water 6/27/2011 0:00 27800752 895797 914346 63 18549 HCF 294.43 220234

Water 4/25/2011 0:00 27800752 890846 895797 62 4951 HCF 79.85 59728

Water 2/22/2011 0:00 27800752 888566 890846 63 2280 HCF 36.19 27070

Water 12/21/2010 0:00 27800752 885070 888566 57 3496 HCF 61.33 45875

Water 10/25/2010 0:00 27800752 867662 885070 63 17408 HCF 276.32 206687

Water 8/23/2010 0:00 27800752 841742 867662 60 25920 HCF 432 323136

Water 6/24/2010 0:00 27800752 821872 841742 59 19870 HCF 336.78 251911

Water 4/26/2010 0:00 27800752 815766 821872 63 6106 HCF 96.92 72496

Water 2/22/2010 0:00 27800752 814486 815766 56 1280 HCF 22.86 17099

Water 12/28/2009 0:00 27800752 808323 814486 62 6163 HCF 99.4 74351

Water 10/27/2009 0:00 27800752 787583 808323 62 20740 HCF 334.52 250221

Water 8/26/2009 0:00 27800752 755111 787583 63 32472 HCF 515.43 385542

Irrigation 6/24/2009 0:00 27800752 731406 755111 62 23705 HCF 382.34 285990
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Irrigation Water Projections 

 

 

 

 

   



MALIBU COUNTRY CLUB

IRRIGATION WATER PROJECTIONS
TOTAL SEASON REQUIREMENTS AND PEAK FLOW
SEASONAL WATER USE

Proposed Development

Note:  Does not reflect grow-in requirements.  

Area Description Total Area Total Area Total Season Peak Season

(Sq. Ft.) (Acre) Req.(Ac.Ft.) Flow(GPM)

TOTAL ALL AREAS

Warm Season Turf 2,630,000 60.38 177.17 914
Cool Season Turf 110,000 2.53 8.47 44
Native Grasslands 568,560 13.05 0.00 0
Native Reveg 450,000 10.33 0.00 0
Other 0 0.00 0.00 0
Lakes 108,900 2.50 6.85 N/A

TOTAL 3,867,460 88.78 192.49 958

Minimum Pump Station Flow Rate 958

Safety Factor (15%) 144

Proposed Pump Station Flow Rate 1,101
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Crop Coefficient Kc
MALIBU COUNTRY CLUB
Note:  Does not reflect grow-in requirements.  Ave Overseeded

Warm Season Turf 0.65
Cool Season Turf 0.65
Native Grasslands 0.00  
Native Reveg 0.00
Other 0.60
Other 0.00
Lakes 0.84

Irrigation Window Hrs Distribution Uniformity DU

Warm Season Turf 6.0 Warm Season Turf 0.80
Cool Season Turf 6.0 Cool Season Turf 0.70
Native Grasslands 6.0 Native Grasslands 0.80
Native Reveg 6.0 Native Reveg 0.70
Other 6.0 Other 0.70
Other 6.0 Other 0.70
Lakes 16.0 Lakes 1.00

ETo Inches Rain Inches Net Inches Leaching Factor

JAN 2.20 JAN 3.62 JAN 0.00 JAN 1.00
FEB 2.60 FEB 4.81 FEB 0.00 FEB 1.00
MAR 3.40 MAR 2.86 MAR 1.26 MAR 1.00
APR 4.50 APR 1.02 APR 3.74 APR 1.00
MAY 5.40 MAY 0.31 MAY 5.17 MAY 1.04
JUN 5.90 JUN 0.07 JUN 5.85 JUN 1.08
JUL 6.70 JUL 0.02 JUL 6.69 JUL 1.12

AUG 6.40 AUG 0.05 AUG 6.36 AUG 1.16
SEP 5.40 SEP 0.14 SEP 5.30 SEP 1.20
OCT 3.90 OCT 0.93 OCT 3.20 OCT 1.20
NOV 2.60 NOV 1.34 NOV 1.60 NOV 1.00
DEC 1.90 DEC 2.76 DEC 0.00 DEC 1.00

TOTAL 50.90 TOTAL 17.93 TOTAL 39.15
EFF RF 75%

 Malibu CC_WP_proposed 22JUN12 -6/25/2012 WP-3
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Fire Flow Requirement by LACFD 
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Appendix H 

 
Traffic and Circulation Study, Associated Transportation Engineers,  

September 13, 2013 
 



























































































































































































































































 
Appendix I 

 
Preliminary Fuel Modification Plan 

Approved October 23, 2013 
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