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Natural Condition Hydrology Analysis

For reference, the County required analysis of the original “natural” condition of the subject site (i.e., in

the condition of the subject site prior to commencement of grading pursuant to the Prior Entitlements)

has been provided below, within this Appendix. The analysis of natural condition is not required for

CEQA purposes but is utilized by the County. Therefore, this data is provided for informational

purposes.

Unnamed Canyon A (Canyon A)

The approximately 0.33-square-mile (208 acres) Unnamed Canyon A watershed is a tributary to the

northern bank of Hasley Canyon Creek. Approximately 41.5 acres of the Unnamed Canyon A watershed,

or about 20 percent of the watershed area, is located within the subject site (see Figure 4.7.1-1).

The watershed is aligned generally in a north to south direction, until the terminus point to Hasley

Canyon Creek. The length of Canyon A watershed is approximately 4,143 feet, with an average slope of

7.4 percent. The origin of this canyon has been impacted by existing development. The uppermost

portion of the watershed, which accounts for approximately 55 percent, receives drainage from a

residential development north of the subject site. The development discharges through an existing storm

drain system PD 2513,1 to the remaining portion of the watershed. The downstream portion of the

watershed is characterized by a narrow sloping valley floor surrounded by rugged and steep foothills.

The upper portion of Canyon A averages less than 100 feet in width, and widens considerably near its

terminus at Hasley Canyon Creek.

Unnamed Canyon B (Canyon B)

The 0.16-square mile-(102.7 acres) Unnamed Canyon B watershed is a tributary to the northern bank of

Hasley Canyon Creek. Approximately 91.1 acres of the watershed, or about 88 percent of the watershed

area, is located within the subject site (see Figure 4.7.1-1). The watershed is aligned generally in a north to

south direction. The length of Canyon B watershed is approximately 3,835 feet, with an average slope of

9.9 percent. The upper portion of Unnamed Canyon B is characterized by a narrow sloping valley floor

surrounded by rugged and steep foothills, and widens to approximately 250 feet in width. At the

confluence of the main to the western stem, the canyon widens to an approximate width of 350 near its

terminus at Hasley Canyon Creek.

1 “PD 2513,” along with subsequent references to “PD xxxx” in this EIR, represents the Los Angeles County Storm

Drain System standard County storm drain system naming practice, website:

http://dpw.lacounty.gov/fcd/stormdrain/index.cfm, July 2014.
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Unnamed Canyon C (Canyon C)

The 0.26-square-mile (166 acres) Canyon C watershed is a tributary to the northern bank of Hasley

Canyon Creek. Approximately 151 acres of the watershed, or about 91 percent of the watershed area, is

located within the subject site (see Figure 4.7.1-1). The watershed is aligned generally in a north to south

direction and joins Hasley Canyon Creek. The length of the Canyon C watershed is approximately

4,600 feet, with an average slope of 8.6 percent. The upper portion of Unnamed Canyon C is characterized

by a narrow sloping valley floor surrounded by rugged and steep foothills, and widens to approximately

200 feet in width. The lower portion of the canyon widens considerably due to the addition of multiple

smaller stems into the main stem of the tributary. The width near the terminus to Hasley Canyon Creek is

approximately 350 feet. The existing tributary has not been identified as jurisdictional.

Unnamed Canyon D (Canyon D)

The 0.05-square-mile (33 acres) Canyon D watershed is a tributary to the western bank of Castaic Creek.

Approximately 32 acres of the watershed, or about 97 percent of the watershed area, is located within the

subject site (see Figure 4.7.1-1). The watershed is aligned generally in a west to east direction and

terminates at an existing 39 inch reinforced concrete pipe (RCP) storm drain system, PD 2435-Unit 2.

The length of the Canyon D watershed is approximately 1,406 feet, with an average slope of 13 percent.

The drainage is divided into two narrow forks that discharge into an existing County maintained debris

basin. Each fork is narrow, averaging approximately 100 feet in width and gaining approximately 250 feet

in elevation between the debris basin and their origins. The existing tributary has not been identified as

jurisdictional.

Unnamed Canyon E (Canyon E)

The 0.03-square-mile (20 acres) Unnamed Canyon E watershed currently flows to an existing debris

basin, M.D. 2445, which is maintained by the LA County Flood Control District (LACFCD).

Approximately 19 acres of the watershed, or about 95 percent of the watershed area, is located within the

subject site (see Figure 4.7.1-1). The watershed is aligned generally in a north to south direction. The

length of the Unnamed Canyon E watershed is approximately 2,097 feet, with an average slope of

14.6 percent. The canyon is a narrow fork that discharges into an existing debris basin. The approximate

width of the canyon is less than 50 feet, with an elevation difference of 300 feet between the basin and the

canyon origin. Canyon E drains to an existing storm drain outlet pipe from the debris basin, and

ultimately discharges to Hasley Canyon Creek. The existing tributary has not been identified as

jurisdictional.
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Unnamed Canyon F (Canyon F)

The 0.04-square-mile (26 acres) Unnamed Canyon F watershed is a tributary to the northern bank of

Hasley Canyon Creek. Approximately 25.7 acres, or about 99 percent of the watershed area, is located

within the subject site (see Figure 4.7.1-1). The watershed is aligned generally in a north to south

direction. The length of the Unnamed Canyon F watershed is approximately 2,710 feet, with an average

slope of 11.4 percent. The drainage from the watershed is discharged to an existing non-County

maintained basin, where the flow enters into an existing storm drain system, PD 2498. The storm drain

ultimately outlets to Hasley Canyon Creek. Canyon F is a narrow, steep valley, measuring less than

approximately 50 feet in diameter. The existing tributary has not been identified as jurisdictional.

Unnamed Canyon G (Canyon G)

The 0.03-square-mile (17 acres) Canyon G watershed is a tributary to the western bank of Castaic Creek.

Approximately 16 acres of the watershed, or about 98 percent of the watershed area, is located within the

subject site (see Figure 4.7.1-1). The watershed is aligned generally in a west to east direction and

terminates at an existing debris basin maintained by LACFCD. The length of the Canyon G watershed is

approximately 1,029 feet, with an average slope of 27 percent. The upper portion of the canyon is

comprised of multiple forks that are narrow in width. Approximately 300 feet above the tributary

discharge point into the existing debris basin, the forks confluence into one main stem less than 100 feet

in width. The canyon gains 260 feet in elevation between the basin and the origin.

From the debris basin, flow from the watershed outlets to an existing storm drain system, PD 2435, which

ultimately discharges to Castaic Creek). The existing tributary has not been identified as jurisdictional.

Unnamed Canyon 1 (Canyon 1)

The 0.007-square-mile (4.4 acres) Unnamed Canyon I watershed is a tributary to the northern bank of

Hasley Canyon Creek. Approximately 4.4 acres of the watershed, or about 100 percent of the watershed

area, is located within the subject site (see Figure 4.7.1-1). The watershed is aligned generally in a north to

south direction and terminates at an existing non-County maintained basin. The length of the Canyon 1

watershed is approximately 538 feet, with an average slope of 34 percent. The canyon is very narrow, less

than 50 feet in width, and gains 180 feet in elevation between the basin and the origin. From the debris

basin, flow from the watershed outlets to an existing storm drain system, PD 2498, which ultimately

discharges to Hasley Canyon Creek. The existing tributary has not been identified as jurisdictional.
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Unnamed Canyon 2

The 0.002-square-mile (1.4 acres) Unnamed Canyon 2 watershed is a tributary to the northern bank of

Hasley Canyon Creek. Approximately 1.4 acres of the watershed, or about 100 percent of the watershed

area, is located within the subject site (see Figure 4.7-1). The watershed is aligned generally in a north to

south direction and terminates at an existing non-County maintained basin. The length of the Canyon 2

watershed is approximately 332 feet, with an average slope of 30 percent. The canyon is very narrow, less

than 50 feet in width, and gains 100 feet in elevation between the basin and the origin. From the debris

basin, flow from the watershed outlets to an existing storm drain system, PD 2498, which ultimately

discharges to Hasley Canyon Creek. The existing tributary has not been identified as jurisdictional.

Other Tributaries

In addition to the main tributaries within the Proposed Project, one natural area is located within the

subject site that drains to an existing storm drain system that ultimately discharges to Lower Castaic

Creek. The total area tributary to Lower Castaic Creek through PD 2435-Unit 2 is 0.02 square miles

(11 acres). The existing tributary has not been identified as jurisdictional.

Table 4.7.1-1

Existing Drainages and Runoff Discharge

Drainage Area Acreage

Debris

Producing

Acreage

Q50c

(cfs)1 Q50bb (cfs)2

Debris

Volume (cy)3

A 203.5 92.2 485 581 11,099

B 95.3 95.3 176 272 12,103

C 211.2 211.2 408 631 29,972

D 30.8 0 52 55 0

E 11.8 11.8 29 45 1,499

F 6.9 6.9 18 27 876

G 10.6 0 28 29 0

H 9.8 0 20 21 0

Totals 579.94 417.4 1216 1661 55,549

Source: Land Design Consultants, Inc., Hydrology Report, VTTM 52584 (February 2014), revised August 2014.
1 Q50c–50-year rainfall intensity clear flow
2 Q50bb–50-year rainfall intensity burned and bulked flow
3 Debris Volume – Cubic yards are determined by using a debris producing rate of (range 100-130 cy/acre), which is

specific for this area, on undeveloped conditions (see the LDC report for debris production area ratios calculations).
4 Basis for total Tributary Area referred to within the report.
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 Executive Summary 1 

This report describes the anticipated impacts of the Los Valles residential development project on 
stormwater runoff and nonpoint source pollutant loading carried by stormwater runoff originating on the 
project site. The goals of the study are: 1) estimate stormwater runoff volumes for the site under existing 
conditions and under the proposed, developed conditions; 2) estimate the loads of common stormwater 
pollutants associated with the stormwater runoff; 3) evaluate the impacts of proposed stormwater 
treatment Best Management Practices (BMPs) on stormwater pollutant loadings; 4) compare pollutant 
loads in the existing conditions with proposed conditions to evaluate any potential impacts of the 
proposed project related to stormwater and non-point source pollution. 
 
Stormwater management standards for the project site are contained in the County of Los Angeles 
Department of Public Works Low Impact Development Standards Manual (LID Manual). The LID Manual 
requires the discharge of stormwater volumes and flow rates to be limited to pre-project levels for a wide 
range of storms. The LID Manual also requires that the project include a wide variety of stormwater Best 
Management Practices (BMPs), including treatment BMPs. For the purpose of this report it is assumed 
that bioretention or biofiltration will be the primary treatment BMP for the project. 
 
The water quality impacts of the project are evaluated by modeling the discharge of stormwater pollutants 
from the project site to the downstream receiving water. The stormwater and pollutant loads in this report 
are based on the 85

th
 percentile rain storm, which is a storm of approximately 1.05 inches of rain falling in 

24 hours. The 85
th
 percentile storm is typically used in stormwater treatment facility design, including the 

Best Management Facilities (BMPs) proposed for this project. Runoff from the 85% percentile storm is 
estimated based on two commonly used hydrologic methods. Typical pollutant concentrations from 
existing and proposed land uses are modeled based on measured stormwater pollutant Event Mean 
Concentrations (EMCs) measured by Los Angeles County and other southern California stormwater 
programs. Pollutant loads are estimated by multiplying stormwater volumes by the appropriate pollutant 
concentrations. 
 
The results of the modeling demonstrate that the proposed project will not significantly change the volume 
of stormwater discharged from the project site, and will reduce the discharge of the majority of stormwater 
pollutants. Conformance with the hydromodification management requirements of the LID Manual means 
that stormwater runoff volume and flow rate will not significantly change as a result of the project. The 
proposed stormwater BMPs for the project will provide a high level of stormwater treatment and will result 
in discharges of most stormwater pollutants below existing conditions. The discharges of all stormwater 
pollutants will be significantly lower than the discharges from standard, existing development projects that 
lack stormwater BMPs. 
 
Volumetric analysis of the stormwater runoff generated during a large storm event is also evaluated.  The 
LID Manual specifies hydrologic analysis and hydrograph parameter matching for a spectrum of storm 
events.  The volumetric analysis is performed to quantify storage needs to treat potential 
hydromodification impacts.  The treatment requirements are controlled by the 50-yr storm event.  The 50-
yr storm event runoff volume differential (proposed conditions volume minus existing conditions volume) 
was used to quantify hydromodification treatment control facility needs. 
 
 
Specifically, the following issues are addressed in this report: 
 

� Estimates of changes in concentration (ppm) and annual load (lbs.) of pollutants from stormwater 
runoff within the project watershed including nutrients (nitrogen and phosphorus), salts (TDS and 
chloride), metals (zinc, copper, and lead), total suspended solids (TSS), hydrocarbons (oil and 
grease and TPH), coliform bacteria, and pesticides/herbicides. 
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� Calculation of pollutant concentrations in runoff from the project watershed in existing conditions, 
in proposed conditions without BMPs, and in proposed conditions with treatment control BMPs. 

 
� Description of source control mechanisms and estimates of standard treatment control BMP 

removal efficiencies and effluent concentrations/loadings within the project. 
 

� Discussion of hydromodification impacts and treatment control measures and hydromod 
treatment efficacy. 

 
The analysis presented herein shows that combined stormwater quality treatment control (extended 
detention/infiltration) basins capable of accommodating approximately 10 ac-ft of temporary storage for 
stormwater quality treatment will be required.  The storage may be centralized, or may be distributed 
amongst multiple basins.  Using the LA County standard for infiltration depth (from which there may be a 
variance) of 18”, this implies approximately 6-7 ac of area, distributed through the project site, dedicated 
to water quality improvements. 
 
The volumetric analysis shows that for hydromodification treatment, approximately 45 ac-ft of temporary 
storage will be required. This 22 acre-feet includes the 10 acre-feet that will be detained to comply with 
water quality goals, so hydromodification management requires an additional 35 ac-ft of water to be 
detained.  It is anticipated that the larger volume of water stored to treat hydromodification impacts will not 
be infiltrated, but used instead reused for onsite for irrigation.  It is thus expected that such volumes may 
be stored at depths greater than that for water quality treatment, so that the water quality treatment and 
the hydromodification treatment can be accommodated with a total area of approximately 10 acres of 
project area dedicated to water quality treatment. 
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 Introduction  2 

2.1 Project Background and Intent of Report 

The proposed Los Valles development project is located in an unincorporated area of Northern Los 
Angeles County, California. The project site occupies over 400 acres of hilly land that will be converted 
from currently vacant, graded land to a mix of residential and recreational land uses plus significant areas 
of open space.  The proposed development includes 497 single family residential units, as well as trails 
and recreational areas.  A project vicinity map is shown on Figure 2-1. 
 
The proposed changes in land use will create changes in the hydrology and non-point source pollutant 
discharge from the site.  This report presents estimates of pre and post-development runoff and non-point 
source pollutant loads.  By assessing quantitatively and qualitatively potential stormwater quality impacts 
resulting from the proposed development, this report may be used for project planning and permitting 
purposes related to water quality of runoff from the project watershed. 
 
In the proposed development, much of the change in surface flows and pollutants contained within these 
flows due to storm events will be detained near individual developments to prevent additional loadings 
downstream from the project site (i.e. source control Best Management Practices - BMPs).  Individual 
residences, for example, shall contain vegetated depressions to detain runoff from impermeable surfaces 
such as roofs and driveways. However, some flow will inevitably be transported downstream and 
potentially off the project site under high intensity and long duration storm events.  Thus, additional 
treatment control BMP systems will be implemented to reduce peak flows, runoff volumes, and durations, 
and also to provide water quality treatment and pollutant removal prior to downstream discharge.   
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2.2 Project Compliance with Stormwater Quality Goals Background and Intent of Report 

The California Environmental Quality Act (CEQA) requires that projects prepare an Environmental Impact 
Report (EIR) detailing the potential impacts of the project on the environment. This report evaluates the 
potential impacts of the project on stormwater runoff and pollutant loads associated with stormwater 
runoff and has been prepared in support of the project EIR. Like any parcel of land, the project site 
impacts the creeks, rivers, and ocean downstream of the site, which are collectively known as the 
receiving waters, by discharging stormwater and materials carried in the stormwater. A site in its natural 
condition impacts the receiving waters in a way that is part of the natural hydrology, geology, and ecology 
of the watershed by discharging water, nutrients, sediment, organic matter, and other materials. When 
land is developed, changes in the land surface and changes in activities associated with development 
alter the volume of runoff and the types and concentrations of materials carried in the stormwater. The 
materials carried in stormwater are typically considered pollutants, although some of the materials occur 
in natural runoff and thus don’t fit the common definition of pollutant. In this report materials and pollutants 
are used interchangeably to describe the constituents carried in stormwater and the term used should not 
be interpreted as an indication of the potential for adverse impacts associated with any constituent.  In 
order to minimize any adverse impacts of development projects stormwater management features are 
required to be included in development projects, within the County of Los Angeles, similar to most 
jurisdictions in the US. The Los Valles project is in the EIR and preliminary design phase with regards to 
stormwater management, and thus final decisions on the suitability and feasibility of the various possible 
stormwater BMPs. Therefore the BMPs modeled for this report are preliminary in nature. 
 
For this report runoff volumes and pollutants loads are estimated for the 85th percentile storm as defined 
by the LA County SUSMP, which amounts to 1.05 inches of rainfall. The 85th percentile storm is one of 
the BMP design storms proscribed in the LA County SUSMP, and represents a relatively frequent storm. 
 
The report details project wide design implementations that will be utilized to treat impacts to stormwater 
quality with regard to pollutants typically associated with such a residential development.  The pollutants 
discussed and analyzed also include any of those listed as pollutants of concern, for which, there is a 
total maximum daily load (TMDL) listed for any of the downstream receiving waters. In additional to 
pollutant loading impacts, the project will feature design elements the will address hydromodification 
impacts of the proposed development.  In keeping with the standards and goals set forth in the LA County 
MS4, the project will be designed to mitigate runoff peaks, volumes, and durations to prevent erosion and 
scour impacts in downstream receiving waters. 
 
Although this report focusses on the impacts of the proposed project, and the implementation of design 
features to reduce impacts post-construction, it should be noted that construction phase practices will be 
implemented to ensure compliance with water quality standards during construction. 
 
During construction, temporary BMPs will be furnished to comply with National Pollutant Discharge 
Elimination System (NPDES) standards to minimize pollutant discharge from a construction site and a 
Stormwater Pollution Prevention Plan (SWPPP) will be submitted to the RWQCB.   
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 Environmental Setting  3 

3.1 Project Site Description 

The project site (Figure 2-1) occupies over 400 acres of land located in the city of Castaic in Los Angeles 
County, CA. The site is just north of Hasley Canyon Road, west of Interstate 5, and directly adjacent to 
Hasley Creek. The project site is currently vacant land that has been graded in anticipation of a 
previously-planned development that was never constructed. Since grading operations ceased the site 
has been vacant for several years. The graded soil is currently covered with sparse grasses and various 
species of shrubs. The site had been previously graded several years ago, but no drainage infrastructure 
is currently in place.  The site has existing construction BMPs consisting of sediment basins and 
embankments of sand bags to control erosion and sediment transport from the vacant land. 

3.2 Proposed Site Land Uses 

The project site occupies over 400 acres of hilly land that will be converted from currently vacant, graded 
land to a mix of high density single family residential (HDSF) and recreational land. A substantial area 
surrounding the development within the project site will remain open space. Approximately 221 acres of 
the 475 acre area (46.5%) is planned for community development, while the remaining 254 acres will 
remain vacant or undeveloped for the purposes of this report.  

3.3 Proposed Stormwater Management and Water Quality Control Facilities 

The proposed stormwater drainage system will consist of a combination of standard storm drainage 
facilities as well as Low Impact Development features designed to reduce the volume of runoff and 
improve stormwater runoff quality. 
 
The final site design will incorporate a stormwater drainage system that utilizes flow in surface 
conveyances (gutters, swales, and paseos, etc.) as much as possible.  To accommodate site geographic 
design constraints, additional subsurface utilities will be incorporated to provide stormwater management.  
The project will thus include a system of street gutters and buried storm drain pipes within the site which 
will delivers stormwater to the stormwater quality control measures and hydromodification management 
facilities. The storm drain system will be designed according to local requirements and standard practices 
in the area. 
 
The project will include a wide variety of Source Control measures, which are both structural and non-
structural methods of reducing the contact between rainwater and potential pollutants, and reducing the 
potential for contaminated runoff to enter storm drains. Source controls include structural features such as 
roofs or covers for trash and materials storage areas as well as nonstructural measures such as street 
cleaning. The potential benefits of Source Control measures are not explicitly modeled for this report. In 
addition to Source Control measures, Site Design measures will also be incorporated into the project to 
reduce the volume of stormwater runoff generated. Site Design measures include disconnecting roof 
downspouts from the storm drain system, directing the runoff from sidewalks and other impervious 
surfaces to landscapes areas, and reducing the extent of impervious surfaces within the project.  
 
The project will incorporate stormwater quality control measures as required by the LID Manual (see 
section 4 below). Based on technical feasibility for the site, the stormwater quality control measures will 
be either bioretention facilities or biofiltration facilities. The two alternatives are similar facilities designed 
to treat stormwater as the stormwater percolates vertically through a layer of specially designed soil. 
Water will pool above the soil then percolate vertically through the treatment soil and then either infiltrate 
into the ground (bioretention) or into a layer of gravel below (biofiltration). In a biofiltration facility the water 
will be picked up in a series of perforated pipes within the gravel and discharged from the site at a 
controlled rate. 
 
 



 

Water Quality Technical Report 3-2 
Section 3 – Environmental Setting   

The bioretention or biofiltration facilities will be constructed within basins that will capture the stormwater 
quality capture volume proscribed in the LID Manual. The bioretention or biofiltration beds will be large 
enough that the design capture volume of stormwater will pool to a depth of 18 inches within the basin 
above the bioretention soil. 
 
In addition to stormwater quality treatment facilities, the proposed project will include hydromodification 
management facilities that will regulate the discharge rate of stormwater from the project site. 
Hydromodification management requires the detention and release of stormwater, so in addition to the 
volume of stormwater detained for stormwater quality treatment an additional volume of stormwater will 
be detained in the basin or basins. 
 
Locations and sizes of stormwater management features will be determined during final design of the 
project. 
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 Regulatory Setting  4 

4.1 Los Angeles County Low Impact Development Ordinance 

The Los Valles project site is located in Los Angeles County and is therefore subject to the stormwater 
management regulations of Los Angeles County. The County of Los Angeles Department of Public Works 
Low Impact Design Standards Manual (February 2014) (LID Manual) sets forth requirements for Low 
Impact Design (LID) stormwater management, and identifies projects to which LID requirements apply. 
The LID Manual updates and incorporates earlier stormwater regulations such as the:  
 

• Development Planning for Storm Water Management: A Manual for the Standard Urban Storm 
Water Mitigation Plan (SUSMP Manual, September 2002); 

• Technical Manual for Stormwater Best Management Practices in the County of Los Angeles 
(2004 Design Manual, February 2004); 

• Stormwater Best Management Practice Design and Maintenance Manual (2010 Design Manual, 
August 2010); and 

• Low Impact Development Standards Manual (2009 LID Manual, January 2009). 
 

It also supersedes the Water Quality section of the Los Angeles County Hydrology Manual, (and 
additional regulations that do not apply to this project). 

 Designated Projects 4.1.1

The LID Manual categorizes projects as Designated or Non-Designated projects. Designated projects are 
required to meet a more stringent set of requirements for stormwater management. Designated projects 
are projects that meet one of the following criteria: 
 

• All development projects equal to one acre or greater of disturbed area and adding more than 
10,000 square feet of impervious surface area; 

• Industrial parks with 10,000 square feet or more of surface area; 

• Commercial malls with 10,000 square feet or more of surface area; 

• Retail gasoline outlets with 5,000 square feet or more of surface area; 

• Restaurants (Standard Industrial Classification [SIC] Code 5812) with 5,000 square feet or more 
of surface area; 

• Parking lots with 5,000 square feet or more of impervious surface area, or with 25 or more 
parking spaces; 

• Automotive service facilities (SIC Codes: 5013, 5014, 5511, 5541, 7532-7534, or 7536-7539) with 
5,000 square feet or more of surface area; 

• Projects located in or directly adjacent to, or discharging directly to a Significant Ecological Area 
(SEA), where the development will: 
 

o Discharge stormwater runoff that is likely to impact a sensitive biological species or 
habitat; and 

o Create 2,500 square feet or more of impervious surface area. 
 

• Redevelopment projects, which are developments that result in creation or addition or 
replacement of either: (1) 5,000 square feet or more of impervious surface on a site that was 
previously developed as described in the above bullets; or (2) 10,000 square feet or more of 
impervious surface area on a site that was previously developed as a single family home. 
 

o Where 50 percent or more of the impervious surface of a previously developed site is 
proposed to be altered and the previous development project was not subject to post-
construction stormwater quality control measures, the entire development site (e.g., both 
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the existing development and the proposed alteration) must meet the requirements of the 
LID Standards Manual.  

o Where less than 50 percent of the impervious surface of a previously developed site is 
proposed to be altered and the previous development project was not subject to post-
construction stormwater quality control measures, only the proposed alteration must meet 
the requirements of the LID Standards Manual. 

o Redevelopment does not include routine maintenance activities that are conducted to 
maintain original line and grade, hydraulic capacity, original purpose of facility or 
emergency redevelopment activity required to protect public health and safety. 
Impervious surface replacement, such as the reconstruction of parking lots and 
roadways, which does not disturb additional area and maintains the original grade and 
alignment, is considered routine maintenance activity. Redevelopment does not include 
repaving of existing roads to maintain original line and grade. 

 
As a development project that will result in more than one acre of disturbance and more than 10,000 
square feet of impervious area, the Los Valles project is a Designated Project. 

4.1.1.1 Stormwater Management Requirements for Designated Projects 

Designated Projects are required to treat 100% of the Stormwater Quality Design Volume (SWQD) 
through retention BMPs unless it is technically infeasible to do so. In the case of the Los Valles project, it 
has not yet been determined whether retention BMPs are technically feasible. The case that retention 
BMPs are not technically feasible for the site, alternate stormwater Quality Control Measures will be 
selected. 

4.1.1.2 Stormwater Quality Control Measures 

The LID Manual indicates that retention-based stormwater quality control measures should be selected 
for the project unless retention is found to be technically infeasible. If retention is technically infeasible, 
alternative measures may be selected. For the purpose of this report, the retention-based BMP selected 
for the project is assumed to be bioretention, and the alternative is biofiltration. These two measures are 
similar in design and thus can be expected to provide similar levels of treatment. 
 
Bioretention facilities consist of shallow basins with a specially prepared soil mixture in the bottom of the 
basin. The soil is planted with suitable vegetation. Stormwater runoff is delivered to the basin from the 
surrounding developed site, typically through a system of storm drains, and the stormwater accumulates 
in the soil and also pools above the soil. Stormwater gradually percolates through the bioretention soil 
and infiltrates into the underlying native soil. Pollutants and sediments are removed from the water by a 
variety of physical, chemical, and biological processes within the bioretention soil, reducing the load of 
pollutants infiltrating into the ground. 
 
Biofiltration is a measure similar to bioretention, but with adaptations to allow biofiltration to be utilized on 
sites that are technically unsuitable for bioretention. Biofiltration facilities consist of shallow basins. In the 
bottom of the basin is a layer of specially prepared biofiltration soil similar to the soil used in bioretention 
facilities. The soil is planted with suitable vegetation. An important distinction between bioretention and 
biofiltration is that below the soil in a biofiltration facility there is a layer of gravel and system of perforated 
pipes within the gravel. In a bioretention facility the soil sits directly on the native soil. Stormwater is 
delivered to the biofiltration basin by the project’s storm drain system and accumulates in and above the 
biofiltration soil. The stormwater then gradually percolates through the biofiltration soil and into the gravel 
layer, where the water enters the perforated pipes and is conveyed offsite. Thus during the design storm 
the biofiltration facility results in both subsurface and surface discharge of treated stormwater whereas 
the bioretention facility results in subsurface discharge only. For both systems, as for all stormwater 
quality control measures, surface discharge will occur during storms larger than the design storm, 
depending on soils, slopes, and other site conditions. 
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4.1.1.3 Hydromodification Controls 

The LID Manual requires that Designated Projects provide hydromodification control measures unless the 
project meets certain criteria. The Los Valles project does not meet any of the exemptions from 
hydromodification control and therefore will provide controls for flows ranging from the LID Design storm 
to the 100-year storm. 
 
Hydromodification control is achieved by limiting the duration and timing of stormwater discharges from a 
site to pre-development levels. This is typically achieved by capturing discharges in excess of the pre-
project flows and releasing the captured water at an acceptable rate. Thus hydromodification 
management typically requires the detention of water in basins. For this project several basins will be 
designed to capture stormwater and slowly release the water in such a way that it mimics pre-project flow 
characteristics; peak, volume, and duration.  The basins used for hydromodification control will include 
the bioretention or biofiltration elements.  The basins will thus be integrated treatment control stormwater 
quality systems. 
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 Pollutants of Concern and Significance Criteria  5 

5.1 Watershed Setting 

The project is located in the watershed of the Santa Clara River, which drains runoff from a large area of 
southern California to the Pacific Ocean near Ventura, California. The Santa Clara River discharges into 
the Santa Clara River Estuary which is part of the Pacific Ocean. The project site is adjacent to Hasley 
Creek, a tributary of Castaic Creek, which flows into the Santa Clara River in the city of Santa Clarita. 

 Pollutants of Concern Associated with Urban Runoff 5.1.1

As a residential and mixed use development the Los Valles project can be expected to generate 
pollutants typically associated with similar developments. The land uses planned for Los Valles include 
residential land use and associated land uses such as parks, transportation, landscaped areas, and 
others. Stormwater pollutants associates with this type of development include suspended sediments, 
nutrients such as nitrogen and phosphorous, metals such as copper, lead, and zinc, and bacteria. 

5.1.1.1 Pollutants of Concern in the Watershed 

 
In addition to the pollutants typically associated with the runoff from developed areas, some other 
pollutants are of special concern for the project because of conditions in the watershed. In cases where a 
particular pollutant is believed to be causing adverse impacts in a watershed, a Total Maximum daily 
Load (TMDL) for the pollutant is developed. Several TMDLs are in effect for the receiving waters 
downstream of the project site, as shown in Table 5-1. Appendix A has more location and source 
information. 
 

Table 5-1: Total Maximum Daily Loads for Receiving Waters 
 

Constituent TMDL Location
 1
 

Ammonia as Nitrogen 1.75 mg/L Santa Clara River Reach 5 

Nitrate + Nitrite as Nitrogen 6.8 mg/L Santa Clara River Reach 5 

Chloride 100 mg/L Santa Clara River Reach 5 and 6 

Fecal Coliform (Dry Weather) 126 mg/100mL Santa Clara River Reaches 5, 6, and 7 

 
 
1

 The Santa Clara River Reaches 5, 6 and 7 in the Los Angeles Region’s Basin Plan correspond to the USEPA’s 

Santa Clara River Reaches 7, 8 and 9, respectively. 
 
 
 



 

Water Quality Technical Report 6-1 
Section 6 – Post Development Surface Water Quality and  
Hydromodification Control Project Design Features 

 Post Development Surface Water Quality and 6 
Hydromodification Control Project Design Features  

Stormwater pollutant modeling relies on empirical data on pollutant concentrations as the basis for 
estimating pollutant loads from a project. Thus the range of pollutants that can be modeled is limited to 
those pollutants for which adequate empirical data is available. The Los Angeles County stormwater 
monitoring program measured the concentrations of a wide variety of pollutants in the stormwater runoff 
from a variety of land uses. Many of the pollutants were found to occur at undetectable concentrations for 
many or all sampling events, and can therefore be excluded from modeling efforts. 
 
The pollutants modeled for this report include those pollutants that have been found to consistently occur 
in urban runoff at levels above the detection limits of standard laboratory analyses. The list of those 
pollutants is below: 
 
Suspended Solids 

• Total Suspended Solids (TSS) 

Nutrients 

• Total Phosphorous (TP) 

• Dissolved Phosphorous (DP) 

• Ammonia- Nitrogen (NH3) 

• Nitrate- Nitrogen (NO3) 

• Nitrite- Nitrogen (NO2)  

• Total Kjeldahl Nitrogen (TKN) 

Metals 

• Total Copper (Cu) 

• Total Lead (Pb) 

• Total Zinc (Zn) 

Salts 

• Total Dissolved Solids (TDS) 

• Chloride (Cl) 

Hydrocarbons 

• Total Petroleum Hydrocarbons (TPH) 

• Oil and Grease (O&G) 

Oxygen Demand 

• Biological Oxygen Demand (BOD) 

Coliform Bacteria 

• Fecal Coliform 

6.1 Site Design Features 

Minimize directly connected impervious areas.  Utilize landscaping and grading those results in 
interception and retention, evaporation, and infiltration, the objective is to minimize the runoff produced 
from small frequent storms which have the highest relative concentration of pollutant loadings and the 
temporally weighted maximum impact on pollutant delivery from the project watershed. 
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The general design elements contribute in trend fashion toward a site that minimizes pollutant 
concentration and pollutant delivery.  The interception and retention, evaporation, and infiltration also 
provides a mitigation effect on project hydromodification impacts. 
 
The general site design, incorporating best management design practices will also utilize treatment 
control facilities.  The treatment control facilities will be distributed throughout the project area to provide 
water quality treatment control and also to provide runoff character modification (adjusting peaks, 
volumes, and durations) to fully mitigate hydromodification impacts of proposed project development 

6.2 Treatment Control Facilities 

 Water Quality Control Elements 6.2.1

Treatment control Treatment control facilities will be distributed throughout the site at strategic locations 
to capture stormwater quality flows and to provide hydromodification mitigation. 
 
For the project, treatment control BMPs are referred to as structural systems capable of detaining and 
treating stormwater runoff within a major tributary in the watershed.  Treatment control BMP systems for 
enhancement of surface water quality include: 

6.2.1.1 Infiltration Basins 

Each treatment control BMP described above affords particular advantages for treating different size 
storm and nuisance flow runoff containing varying levels of pollutants.  Combining two or more 
fundamental BMPs may maximize removal efficiency and other benefits associated with BMPs in general.  
For example, micro dry ponds distributed adjacent to residences intercept nuisance runoff, i.e.; runoff 
from residential irrigation, contribute to interception and treatment of nutrient loading from fertilizers 
emanating on residential landscaping. 
 
Runoff generated from storm events will flow into the local infiltration basin, designed to treat surface 
water flows from a broader subwatershed area of the project site.  An example of a typical extended 
detention/ infiltration basin is illustrated in Figure 6-1 below.  

 
Figure 6-1: Typical Stormwater Treatment Basin Schematic 
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The extended detention/infiltration basin retains flows for evaporation and infiltration. The pollutants most 
effectively controlled by these types of basins are trace metals and nutrients.  The basins are designed to 
accommodate the volume of water that will infiltrate within a period short enough such that there is no 
opportunity to provide a habitat for mosquitos to breed.  As much as 90% of the particulate pollutant can 
be removed from stormwater if it is detained for at least 48 hours.  Detention times are dependent upon 
the amount of rainfall for the extended dry detention basin.  According to the California BMP Handbook, a 
minimum of 6 hours is required for small rain events (0.1 to 0.2 inches), whereas a minimum of 40 hours 
are required for larger rain events.  The basin empties through infiltration and evapotranspiration 
processes.  A low flow outlet is typically utilized to facilitate drainage from larger storm events that are 
outside of design storm delivery volume envelope of the infiltration facility.  The basins reduce pollutant 
concentrations via filtration, sedimentation, infiltration, and biological uptake of water and pollutants.   

 Hydromodification Control Elements 6.2.1

The extended detention/infiltration basins described above shall also provide storage necessary for 
treatment control of hydromodification impacts.  The runoff hydrographs from the proposed project area 
will naturally have higher peaks and reduces times to peak, as compared to the existing conditions, for all 
storm events.  Smaller events, for which initial abstraction, infiltration, and evaporation would result in no 
runoff from the existing watershed, would otherwise produce runoff hydrographs in the proposed 
conditions.  The result is an alteration in the long term flow statistics from the project watershed, and in 
the receiving stream.  The treatment control facilities will be designed to alter the runoff from the 
proposed conditions watershed to mimic the flow characteristics of the existing conditions watershed for 
all storm events in such a way that the flow frequency spectrum of the proposed conditions watershed will 
essentially match the flow frequency spectrum of the existing conditions watershed. 
 
The treatment control basins will provide necessary storage for such flow modification, which is also part 
of the time in residence for water quality treatment.  The basins will be designed following optimization 
approaches using a staged outlet design that facilitates flow characteristic matching.  The LA County LID 
manual specifies a specific set of design flow parameter matching intended to accomplish the 
hydromodification treatment goals.  The intended design elements for the Los Valles project will perform 
meet or exceed the intended hydromodification treatment requirements. 
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 Water Quality Analysis Approach  7 

The water quality analysis approach presented herein is comprised of a hydrologic analysis combined 
with a pollutant concentration analysis to develop models for pollutant loading from the project site.  This 
is repeated for the project site in existing conditions and in proposed conditions, with no BMP treatment 
control facilities to establish the baseline loading impacts that would occur from development.  The effects 
of BMP treatment control facilities are then incorporated into the proposed conditions modelling to 
establish the final proposed conditions pollutant loading from the project site.  A comparison and 
differential analysis establishes the pollutant delivery impacts expected from the project watershed in the 
proposed conditions. 
 
The results of the pollutant delivery differential analysis may be used to assess the suitability of the size 
and type of BMP treatment control facilities selected for the final design of the Los Valles project.  
Differential hydrologic volumetric analysis for higher recurrence interval storms may be used to establish 
the storage needs for hydromodification mitigation for facilities placed throughout the project site 

7.1 Hydrologic Analysis 

To establish the pollutant loading differential and delivery, and to determine hydromodification storage 
needs for mitigation treatment facilities, a hydrologic analysis of the project site must be performed for 
multiple storm events. 
 
For site design, particularly at the planning level, a rational method analysis is typically performed to 
establish peak flows for storm drain utility sizing.  The rational method is a widely accepted methodology; 
however it only determines peak flows, not runoff volumes.  The present pollutant and hydromodification 
differential analysis requires volumetric quantification for a spectrum of storms (high frequency storms for 
pollutant delivery, high frequency and low frequency storms for hydromodification). 
 
The LA County hydrology manual specifies the modified rational method, which in the LA County 
implementation (MODRAT) may actually be used to develop runoff hydrographs and thus volumes.  The 
methodology does, however, require well-established time of concentration parameters for each 
subwatershed analyzed.  This presents a problem since at the present stage of design development, the 
exact nature of the physiographic elements that effect the time of concentration are not determined (flow 
path, slope, roughness, conveyance geometry).  It is also known that the modified rational method 
develops runoff volumes that can vary widely from those determined using other methods, i.e.; the SCS 
method. 
 
In the present analysis, the runoff volumes have been calculated using two methodologies, an 
approximate MODRAT method (detailed below), and the SCS method.  This approach (using two 
methods) makes sense since it provide two sets of results that may be compared.  With that in mind, the 
analyses that resulted in the higher volumes were utilized for the differential delivery analysis. 
 
For the hydrologic analysis, it is noted that the existing project area consists of four distinct drainages 
(watersheds tributary to Hasley Creek), plus several small additional areas that drain directly to Hasley 
Creek.  The four main drainages are denoted as A through D, and the small areas that drain directly to 
Hasley Creek are denoted H1-H4, as shown in Figure 7-1.  Each of the watersheds was delineated into 
multiple subwatersheds.  The subwatersheds were divided, within the project development area based 
upon proposed project tract layout, utility alignments, and anticipated drainage patterns.  Subwatershed 
delineation is also shown in Figure 7-1. This approach provides a more resolved result than a single area 
analysis, and also allows values to be extracted for groups of regions within the project watershed, which 
can be used for sizing and design data for specific source control BMPs placed throughout the project site 
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 Approximate MODRAT Methodology 7.1.1

The modified rational methodology, as outlined in the LA County Hydrology Manual develops a runoff 
hydrograph based on an intensity duration model established from a statistical analysis of precipitation 
gages in Southern California watersheds.  The result is a standard intensity-duration-frequency curve that 
is linear in log-log space.  A design storm mass curve is created using nested intensities determined form 
the IDF curve.  The mass curve is designed, following statistical trends of county precipitation gages such 
that eighty percent of the storm volume is delivered during the first eighty percent of the storm duration.  
The storm mass curves use an IDF slope, in log-log space, S = -0.47. 
 
The component of precipitation that becomes surface water is determined using runoff coefficient curves 
which have been tabulated for each of the mapped soil types within LA County.  The curves correlate 
runoff fraction to precipitation intensity (variable runoff coefficient).  The present analysis is performed 
without access to accurate surface flow accumulation times.  As such an approximation is made to the LA 
County hydrologic method. 
 
The mass curve was generated using the county specified IDF curve slope, S = -0.47.  From this mass 
curve, a precipitation pattern was developed presuming a 24-hour storm.  The average storm intensity 
was then calculated and used to obtain a runoff coefficient for each of the standard soil types present at 
the project watershed.  The runoff coefficients were then used to obtain the (intensity dependent) 
infiltration rates, for each of the soil types, at the average storm intensity.  The infiltration was back 
calculated from runoff coefficient using the following formula: 
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Note that the runoff coefficient curves presented in the LA County Hydrology Manual are parameterized 
by soil type.  Land use designations are used to determine impervious fractions of the watershed.  The 
effective runoff coefficient is developed by adjusting the undeveloped runoff coefficient using a scaling to 
account for the impervious fraction of the watershed, from which, all precipitation will presumably be 
converted to excess runoff. 
 
The infiltration rate for each soil type was then used in a mass balance formulation.  For each calculation 
time interval, over the duration of the 24-hour storm event, the infiltration was subtracted from the 
precipitation to determine the effective rainfall.  Any net positive effective rainfall adds to the total volume 
of runoff during the course of the storm.  The stormwater runoff volume for each watershed, using LA 
County hydrologic methodologies was thus approximated in the existing conditions and in the proposed 
conditions. 

 SCS Methodology 7.1.2

The National Resource Conservation Service, formerly the Soil Conservation Service (SCS), publishes a 
hydrologic method upon which many Southern California counties (not including Los Angeles County) 
base their hydrologic methodology.  Although LA County has a different established hydrologic method, 
the SCS method is a well-established and widely accepted methodology, thus the SCS method was also 
used so that results obtained with the most conservative methodology (largest runoff and pollutant 
loading may be considered... 
 
The SCS method has an established procedure to determine loss rates, excess runoff, total runoff 
volume, and also has storm patterns and unit hydrograph syntheses to develop runoff hydrographs.  For 
the present purposes, the portion of the SCS method that determines the effective volume of runoff from 
a given storm event is utilized. 
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The curve number (CN) is the single parameter that classifies soil type and land use.  The SCS runoff 
equation is: 

 

( )
( ) S

IP

IP
Q

a

a +
−
−=

2

 

 
where: Q = runoff depth (in) 
 P = rainfall (in) 
 S = potential maximum retention (i.e. storage capacity) after runoff begins (in) 
 Ia = initial abstraction (in) 
 
For there to be any runoff at all, the gross rain must equal or exceed the initial abstraction.  The initial 
abstraction comprises all losses before runoff begins (depression storage, interception losses, 
evapotranspiration, etc.) and can be approximated by assuming initial abstraction is equal to 20% of the 
soil storage capacity: 
 

Ia = 0.2S 
 

The SCS method assumes that infiltration follows an exponential decay curve with time.  Storage capacity 
of the soil is calculated from the curve number as follows: 

 

10
..

1000 −






=
NC

S  

 
Runoff curve numbers are evaluated based on soil types (grouped into one of four basic hydrologic soil 
groups), existing moisture content in the soil, and on land use (impervious fraction).   
 
The hydrologic soil groups can be divided into four categories (A, B, C, and D) according to their 
infiltration rate, affected by surface intake rates and subsurface permeability.  The SCS soil groups are 
described as: 
 
Soil Group A:  High infiltration rates even if thoroughly saturated; chiefly deep sands and gravels with 
good drainage and high moisture transmission. 
 
Soil Group B:  Moderate infiltration rates if thoroughly wetted, moderate rates of moisture transmission, 
consisting chiefly of coarse to moderately fine textures.   
 
Soil Group C:  Slow infiltration rates if thoroughly wetted, and slow moisture transmission; soils having 
moderately fine to fine textures or that impede the downward movement of water. 
 
Soil Group D:  Very slow infiltration rates if thoroughly wetted, very slow water transmission, and 
consisting primarily of clay soils with high potential for swelling; soils with permanent high water tables; or 
soils with an impervious layer near the surface.

 

 
The predominant soil group type on the Los Valles watershed is soil group B, with a small portion of soil 
group C, as shown in Figure 7-2. 
 
The existing conditions land use on the Los Valles watershed is vacant (with portions of terrain that had 
been mass graded several years prior).  The proposed conditions land use is medium density residential 
over the area that had been previously mass graded, with portions of the development area dedicated to 
open space use.  The existing conditions land use is shown in Figure 7-3 and the proposed conditions 
land use is shown in Figure 7-4. 
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Section 7 – Water Quality Analysis Approach 

Based on SCS soil group type, and the land use, the existing conditions and proposed conditions SCS 
curve numbers are generated for each of the Los Valles subwatersheds.  The existing conditions curve 
numbers are shown in Figure 7-5 and the proposed conditions curve numbers are shown in Figure 7-6.   
 
The stormwater runoff volume for each watershed, using the SCS method was performed in the existing 
conditions and in the proposed conditions. 
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 Impact Assessment  8 

8.1 Hydrology 

As discussed above, hydrologic calculations were performed using two methodologies; an approximation 
to LA County MODRAT, and the SCS method.  As per the LA County Low Impact Development 
Standards Manual, a spectrum of design storm events must be evaluated.  The 85

th
 percentile storm is 

analyzed to determine water quality treatment control needs.  Additionally, the 2-yr, 5-yr, 10-yr, 25-yr, and 
50-yr storm events must be analyzed to produce runoff hydrographs used in the design and evaluation of 
site facilities designed to mitigate hydromodification impacts.  Hydrologic calculations for both the 85

th
 

Percentile and 50-yr storm events are included in Appendix B. 
 

 85
th
% Water Quality Storm 8.1.1

It has been determined that the largest volume of urban pollutants are transported from watersheds by 
frequent small storms.  The larger storms occur less frequently, moreover, the pollutants loading is diluted 
by the larger volume of such storms.  The approach to stormwater treatment for pollutant loadings is to 
address the pollutants carried by smaller, more frequent storms.  The 85

th
 percentile storm is evaluated to 

determine pollutant loadings and to design treatment control BMPs.  The calculated stormwater runoff 
volumes for the existing and proposed conditions are shown in Tables 8-1 and 8-2.  Volumes predicted 
for the 85

th
 percentile storm using both the LA County MODRAT and the SCS Method are shown.  For the 

smaller storm events, the larger volume of runoff is predicted using the LA County approximate method.  
The volumes thus calculated will be used for BMP design and assessment. 
 

 Spectrum of Storms - Hydromodification 8.1.2

In addition to pollutant loading, the project must be analyzed and designed to mitigate hydromodification 
impacts.  Changes to the watershed physiography that are part of project development (increased 
impervious surfaces, and smoother, more direct flow paths) result in a watershed that exhibits larger 
runoff volumes and reduced times to peak, as compared to the existing conditions watershed.  The long 
term concern is that the flow statistics are altered in the receiving streams so that the channel morphology 
will be altered (bank erosion, streambed degradation).  This long term alteration, termed 
hydromodification, must be addressed as part of the development standards.  
 
The long term flow frequency spectrum of the watershed is changed by development within the 
watershed.  The low frequency portion of the spectrum is pushed outward (more frequent flows at low 
flowrates in the receiving channel).  The essential nature off all approaches used to address 
hydromodification impacts is to take some measures that reduce the distortion to the flow frequency 
spectrum.  The approach adopted by LA County is to allow site development with whatever basins or 
other design features necessary to mitigate changes to peaks, volumes and durations for the 2-yr, 5-yr, 
10-yr, 25-yr, and 50-yr storm events.  As a lower bound on the basin capacity necessary to mitigate 
hydromodification impacts, the differential, proposed minus existing, of the largest of the storm events, 
the 50-year storm, is analyzed for hydromodification impacts. 
 
In contrast to the results for the 85

th
 percentile water quality storm, the SCS methodology results in a 

larger volume of runoff compared to the results obtained using the approximate LA County methodology.  
The difference in runoff volume (proposed conditions minus existing conditions), however, is largest using 
results from the approximate LA County methodology.  The results thus calculated using the approximate 
LA County methodology is used to determine hydromodification treatment storage requirements.  The 
existing and proposed conditions runoff volumes calculated using the two methodologies are shown 
below in Tables 8-1 and 8-2. 
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Table 8-1: Los Angeles County MODRAT Pre- and Post-Development Runoff Volumes 
 

Storm Event: 85th Percentile 50-Year 

Watershed Area Pre Post Diff (Post-Pre) Pre Post Diff (Post-Pre) 

ID [AC] [AF] [AF] [AF] [AF] [AF] [AF] 

TOTAL 355.67 3.51 12.75 9.24 35.01 80.15 45.14 

A 87.37 0.97 0.97 0.00 9.10 9.14 0.04 

B 50.16 0.48 2.71 2.23 4.84 15.78 10.94 

C 196.29 1.86 8.20 6.34 18.95 49.92 30.97 

D 16.95 0.16 0.81 0.65 1.63 4.83 3.20 

H1 1.29 0.01 0.01 0.00 0.12 0.12 0.00 

H2 0.43 0.00 0.00 0.00 0.04 0.04 0.00 

H3 1.69 0.02 0.02 0.00 0.16 0.16 0.00 

H4 1.50 0.01 0.01 0.00 0.15 0.15 0.00 

 
 

Table 8-2: SCS Method Pre- and Post-Development Runoff Volumes 
 

Storm Event: 85th Percentile 50-Year 

Watershed Area Pre Post Diff (Post-Pre) Pre Post Diff (Post-Pre) 

ID [AC] [AF] [AF] [AF] [AF] [AF] [AF] 

TOTAL 355.67 0.26 3.62 3.36 75.01 96.59 21.58 

A 87.37 0.00 0.00 0.00 16.50 16.52 0.02 

B 50.16 0.01 1.50 1.49 9.83 17.18 7.35 

C 196.29 0.23 2.30 2.07 43.91 56.71 12.80 

D 16.95 0.02 0.31 0.29 3.87 5.39 1.52 

H1 1.29 0.00 0.00 0.00 0.29 0.20 -0.09 

H2 0.43 0.00 0.00 0.00 0.07 0.05 -0.02 

H3 1.69 0.00 0.00 0.00 0.34 0.33 -0.01 

H4 1.50 0.00 0.00 0.00 0.20 0.20 0.00 

 

8.2 Pollutant Loading 

 Stormwater Pollutant Concentrations 8.2.1

The pollutant concentrations used in the stormwater modeling are dependent on the land use designation 
as described in the Los Angeles County Stormwater Monitoring Impact Report. The concentrations are 
not modeled data, but rather are the averages of measured pollutant concentrations as described above 
in section 7 of this report. The concentrations shown in the table are concentrations that will occur within 
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the project site, not concentrations that will leave the project site. Appendix C includes constituent 
concentrations from the Los Angeles County Stormwater Monitoring Impact Report. 
 
The existing land use is entirely vacant land, while the proposed condition is a combination of vacant 
land, high density single family residential (HDSF) land use, recreational, and transportation land uses. 
Table 8-3 shows the land use designation percentages for the watersheds which showed changes in 
runoff due to development. For most types of stormwater pollutants the expected concentrations increase 
slightly from existing to proposed conditions. Most of the common stormwater pollutants are associated 
with human activities, so the increases are expected. For example, Total Petroleum Hydrocarbons (TPH) 
is associated with vehicles and roads, and will increase following development. Other constituents 
associated with development will also increase in concentration. These include nutrients Nitrogen and 
Phosphorous, and metals Copper, Lead, and Zinc. An exception to this pattern is the concentration of 
Nitrate, which is expected to decrease for the proposed land uses compared to existing vacant land. 
 

Table 8-3: Estimated Pre and Post Development Area Percentage per Land Use 
 

Watershed 

Open 

Space 

(Vacant) 

Residential 

(HDSF) 

Recreation 

(Vacant) 

Transportation 

(Transportation) 
Total 

[%] [%] [%] [%] [%] 

Pre Development 
1
 100.0% 0.0% 0.0% 0.0% 100.0% 

B 
2
 6.0% 83.5% 0.0% 10.5% 100.0% 

C 
2
 18.0% 63.9% 17.1% 0.9% 100.0% 

D 
2
 0.0% 70.3% 19.6% 10.2% 100.0% 

Post Development 
3
 14.6% 68.0% 14.0% 3.3% 100.0% 

1. Percentage of Area represented by each land-use under existing condition 

2. Percentage of Area represented by each land-use under proposed condition for each watershed 

3. Percentage of Area represented by each land-use under proposed condition for total development (watersheds B+C+D) 

Exceptions to the general increase in pollutant concentrations are the concentrations of Total Dissolved 
Solids and Total Suspended Solids, which both decrease significantly as the land use changes from 
vacant land to either residential or recreational land use. Development typically reduces the contact 
between stormwater and soils, which may explain the reduced concentration of TDS in stormwater 
following development. Total Suspended Solids also decrease following development. This is explained 
by the reduced occurrence of exposed soils in a developed area. The native soils of much of LA County 
are easily erodible and readily become TSS during a runoff event. Landscaping, buildings, and paved 
surfaces all stabilize soils and reduce opportunities for soil materials to become suspended by stormwater 
runoff. Developed land uses include a variety of sources for suspended solids, but the highly erodible 
soils of vacant land produce more TSS than developed areas. 

 Stormwater Pollutant Loads 8.2.2

The expected pollutant concentrations generated by the various land uses are multiplied by the 
stormwater volumes to produce pollutant loads. Table 8-4 provides the concentrations per land use 
designation with the top designation referring to SCAG land use categories and the bottom referring to 
the LA County Stormwater Monitoring Report data, which can be found in Appendix C. The loads are 
calculated for the project site in its existing conditions, for the proposed development without the benefit 
of the proposed stormwater pollutant control measures, and for the complete proposed project which will 
include stormwater pollutant control measures.  See section 8.2.3 for pollutant loading calculation 
method. 
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Pollutant load is the mass of a pollutant discharged from the site. Concentration is mass of pollutant 
typically expressed in milligrams of pollutant per liter of water. Concentration can be multiplied by the 
volume of water to obtain the mass of pollutant. In this report pollutant masses are expressed in pounds 
of pollutant. The mass, rather than the concentration of a pollutant is the best measurement of the 
potential impact of most pollutants that can accumulate in receiving waters. For certain pollutants that 
tend to remain dissolved concentration may be a better indicator of potential impacts. For example, for 
TDS the concentration may be more important than the total load; both concentration and total load are 
presented herein for all pollutants. 
 
 

Table 8-4: Constituent Concentrations per Land Use 
 

Water Quality Constituent 

Open Space 
(Vacant) 

Residential 
(HDSF) 

Recreational 
(Vacant) 

Transportation 
(Transportation) 

Concentration 
(mg/L) 

Concentration 
(mg/L) 

Concentration 
(mg/L) 

Concentration (mg/L) 

Total Petroleum Hydrocarbons S.I.D. 1.35 S.I.D. 3.10 

Oil and Grease S.I.D. 1.35 S.I.D. 3.10 

Biological Oxygen Demand 11.64 16.08 11.64 21.27 

Total Suspended Solids 186.15 94.50 186.15 77.84 

Total Dissolved Solids 237.39 57.63 237.39 61.90 

Chloride 6.58 4.97 6.58 5.60 

Total Phosphorus 0.16 0.39 0.16 0.44 

Dissolved Phosphorus 0.11 0.29 0.11 0.34 

Ammonia-N 0.11 0.34 0.11 0.24 

Nitrate-N 1.05 0.86 1.05 0.70 

Nitrite-N 0.05 0.10 0.05 0.09 

Total Kjeldahl Nitrogen 0.79 2.89 0.79 1.86 

Total Copper 0.015 0.015 0.015 0.056 

Total Lead S.I.D. 0.010 S.I.D. 0.010 

Total Zinc 0.046 0.079 0.046 0.291 

Fecal Coliform * 1,397 933,333 1,397 328,750 

* Fecal Coliform is measured as MPN/100mL (Most Probable Number or colony forming units per 100 mL) 

 
 

 Stormwater Pollutant Load Calculations 8.2.3

The mass loading of pollutants, along with concentrations, for the each watershed was assumed to be the 
sum of pollutant loadings from each land-use designation.  The composite average loading from the site 
pre and post-development was achieved using a flow-weighted average of concentrations from individual 
land-uses by the following equation: 

 

� � ���� ∗ ��	 
 ��� ∗ ��	 
 ��� ∗ ��	 
 �� ∗ �	� � ∗ � 

 
Where:  Cx = concentration (mg/L) 

Ax = area (acres) 
x = land-use designation 
A = total area (acres) 
R = total runoff volume (AF/storm) 

 
Besides pollutant loading for the pre- and post-development conditions, changes in mass due to the 
addition of the bioretention basin were calculated.  To determine the resultant pollutant loading due to the 
added benefit of a BMP, the removal efficiencies for each constituent were found using the International 
and National Stormwater BMP Databases and multiplied by the pollutant loading to determine the 
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ultimate loading for the post-development condition with BMP. The removal efficiencies and their sources 
are shown in Table 8-5. (See Appendix D for source information.) 
 
 

Table 8-5: Pollutant Removal Efficiencies 
 

Water Quality Constituent Removal Efficiency Source 

Total Petroleum Hydrocarbons 15% BMP Database Case Studies (Detention Basin) 

Oil and Grease 15% BMP Database Case Studies (Detention Basin) 

Biological Oxygen Demand 30% HydroQual Technical White Paper 

Total Suspended Solids 78% BMP Database Performance Study (Bioretention) 

Total Dissolved Solids -- -- 

Chloride -- -- 

Total Phosphorus 18% BMP Database Performance Study (Bioretention) 

Dissolved Phosphorus 48% BMP Database Performance Study (Bioretention) 

Ammonia-N -- -- 

Nitrate-N 15% BMP Database Performance Study (Bioretention) 

Nitrite-N 15% BMP Database Performance Study (Bioretention) 

Total Kjeldahl Nitrogen 36% BMP Database Performance Study (Bioretention) 

Total Copper 55% BMP Database Performance Study (Bioretention) 

Total Lead 33% BMP Database Performance Study (Bioretention) 

Total Zinc 75% BMP Database Performance Study (Bioretention) 

Fecal Coliform 53% BMP Database Performance Study (Wetland) 

 
 
For each watershed with a change in runoff volume due to development, BMP influent constituent 
concentrations and loads and the resulting effluent constituent concentrations and loads were calculated 
and are given in Tables 8-6 to 8-8. Pre-development mass loading values are also included in the tables 
for comparison.  
 
 
Table 8-6: Estimated Concentration and Loading for Pre and Post BMP Treatment in Watershed B 

 

 

Water Quality Constituent 

AVG 
Concentration 

IN BMP 

AVG 
Concentration 

OUT BMP 

AVG 
Loading                      
IN BMP 

AVG 
Loading                

OUT BMP 

Pre-Dev 
Loading 

(mg/L) (mg/L) (lbs) (lbs) (lbs) 

Total Petroleum Hydrocarbons 1.45 1.23 10.69 9.05 S.I.D. 

Oil and Grease 1.45 1.23 10.69 9.05 S.I.D. 

Biological Oxygen Demand 16.36 11.45 120.59 84.41 15.19 

Total Suspended Solids 98.25 21.61 724.03 159.29 242.99 

Total Dissolved Solids 68.86 68.86 507.48 507.48 309.86 

Chloride 5.14 5.14 37.85 37.85 8.59 

Total Phosphorus 0.38 0.31 2.79 2.29 0.20 

Dissolved Phosphorus 0.28 0.15 2.06 1.07 0.14 

Ammonia-N 0.32 0.32 2.34 2.34 0.14 

Nitrate-N 0.85 0.72 6.27 5.33 1.37 

Nitrite-N 0.09 0.08 0.69 0.58 0.06 

Total Kjeldahl Nitrogen 2.65 1.70 19.57 12.52 1.04 

Total Copper 0.019 0.009 0.14 0.06 0.02 

Total Lead 0.009 0.006 0.07 0.05 S.I.D. 

Total Zinc 0.100 0.025 0.73 0.18 0.06 

Fecal Coliform * 8.14E+05 3.82E+05 2.72E+11 1.28E+11 8.27E+07 

* Fecal Coliform is measured as MPN (Most Probable Number or colony forming units per 100 mL) 
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Table 8-7: Estimated Concentration and Loading for Pre and Post BMP Treatment in Watershed C 
 

Water Quality Constituent 

AVG 
Concentration 

IN BMP 

AVG 
Concentration 

OUT BMP 

AVG 
Loading                      
IN BMP 

AVG 
Loading                

OUT BMP 

Pre-Dev 
Loading 

(mg/L) (mg/L) (lbs) (lbs) (lbs) 

Total Petroleum Hydrocarbons 0.89 0.75 19.83 16.80 S.I.D. 

Oil and Grease 0.89 0.75 19.83 16.80 S.I.D. 

Biological Oxygen Demand 14.57 10.20 324.86 227.40 58.86 

Total Suspended Solids 126.57 27.85 2,822.42 620.93 941.57 

Total Dissolved Solids 120.87 120.87 2,695.31 2,695.31 1,200.71 

Chloride 5.54 5.54 123.62 123.62 33.27 

Total Phosphorus 0.31 0.25 6.83 5.60 0.79 

Dissolved Phosphorus 0.22 0.12 4.97 2.58 0.54 

Ammonia-N 0.26 0.26 5.78 5.78 0.55 

Nitrate-N 0.92 0.78 20.57 17.48 5.31 

Nitrite-N 0.08 0.07 1.76 1.50 0.23 

Total Kjeldahl Nitrogen 2.14 1.37 47.78 30.58 4.01 

Total Copper 0.015 0.007 0.34 0.15 0.07 

Total Lead 0.006 0.004 0.14 0.09 S.I.D. 

Total Zinc 0.069 0.017 1.55 0.39 0.23 

Fecal Coliform * 6.00E+05 2.82E+05 6.07E+11 2.85E+11 3.20E+08 

* Fecal Coliform is measured as MPN (Most Probable Number or colony forming units per 100 mL) 

 
 
Table 8-8: Estimated Concentration and Loading for Pre and Post BMP Treatment in Watershed D 
 

Water Quality Constituent 

AVG 
Concentration 

IN BMP 

AVG 
Concentration 

OUT BMP 

AVG 
Loading                      
IN BMP 

AVG 
Loading                

OUT BMP 

Pre-Dev 
Loading 

(mg/L) (mg/L) (lbs) (lbs) (lbs) 

Total Petroleum Hydrocarbons 1.26 1.07 2.78 2.35 S.I.D. 

Oil and Grease 1.26 1.07 2.78 2.35 S.I.D. 

Biological Oxygen Demand 15.74 11.02 34.68 24.27 5.06 

Total Suspended Solids 110.73 24.36 243.91 53.66 81.00 

Total Dissolved Solids 93.23 93.23 205.36 205.36 103.29 

Chloride 5.35 5.35 11.79 11.79 2.86 

Total Phosphorus 0.35 0.28 0.76 0.63 0.07 

Dissolved Phosphorus 0.26 0.13 0.56 0.29 0.05 

Ammonia-N 0.29 0.29 0.63 0.63 0.05 

Nitrate-N 0.88 0.75 1.93 1.64 0.46 

Nitrite-N 0.09 0.07 0.19 0.16 0.02 

Total Kjeldahl Nitrogen 2.37 1.52 5.23 3.35 0.35 

Total Copper 0.019 0.009 0.04 0.02 0.01 

Total Lead 0.008 0.005 0.02 0.01 S.I.D. 

Total Zinc 0.094 0.024 0.21 0.05 0.02 

Fecal Coliform * 6.89E+05 3.24E+05 6.89E+10 3.24E+10 2.76E+07 

* Fecal Coliform is measured as MPN (Most Probable Number or colony forming units per 100 mL) 
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 Stormwater Pollutant Loading Comparisons and Discussion 8.2.4

8.2.4.1 Pesticides and Herbicides 

 
Although the LA County Stormwater monitoring program made measurements of pesticide and herbicide 
concentrations in runoff, statistically valid estimates of these concentrations in runoff were not produced 
and are not included in this analysis.  This is due to a high number of samples in which pesticides and 
herbicides were not present in detectable concentrations, resulting in unreliable estimates of land-use 
average concentrations. Therefore, quantitative estimates of changes in pesticide and herbicide loads 
resulting from development of the site are not provided in this report.  However, pesticides and herbicides 
have never been widely used on the Los Valles site and are not expected to be widely used in the future.  
Therefore, pesticides and herbicides are not expected to be a significant runoff pollutant under either 
existing or proposed conditions. 

8.2.4.2 Suspended Solids 

 
Total Suspended Solids (TSS) is an indicator of quantity of sediment that will be transported from the site 
in the storm event.  Several forms of non-point source pollutants, including particulate metals and 
nutrients, certain pesticides, and bacteria are commonly found to be associated with soil particles or TSS 
via direct bonding or sorption.  These pollutants may be transported by the same mechanisms that 
transport TSS or may be physically bound to TSS particles.  Thus, significant reduction in TSS load in 
BMPs via bioretention may contribute to a reduction in loads of other key pollutants.  
 
Treatment control BMPs are proven technologies for removing over 75% of TSS from stormwater, as 
shown in Figures 8-1 to 8-6.   
 
 

 
Figure 8-1: Estimated Change in Suspended Solids Concentration (mg/L) in Watershed B 
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Figure 8-2: Estimated Change in Suspended Solids Loading (lbs) in Watershed B 

 

 
 
 
 

 
Figure 8-3: Estimated Change in Suspended Solids Concentration (mg/L) in Watershed C 
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Figure 8-4: Estimated Change in Suspended Solids Loading (lbs) in Watershed C 

 
 

 
 
 

 
Figure 8-5: Estimated Change in Suspended Solids Concentration (mg/L) in Watershed D 
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Figure 8-6: Estimated Change in Suspended Solids Loading (lbs) in Watershed D 

 

8.2.4.3 Nutrients 

 
Nitrogen and phosphorus are limiting elements mandatory for biological growth.  In high quantities in 
receiving waters these nutrients contribute to an overabundance of problematic algae and other plant 
growth which can result in anoxia and ultimately aquatic organism toxicity.  Mass discharges of nutrients 
nitrogen and phosphorus are estimated to increase from the pre-development condition to the post-
development condition, which result in continued sources of dissolved nutrients in stormwater runoff, as 
shown in Tables 8-7 to 8-18. 
 
Certain treatment control BMPs are effective means of reducing nutrient loadings from the site prior to 
downstream discharge.  The primary mechanism for nitrogen removal is biological denitrification of 
dissolved nitrogen species (conversion of aqueous nitrate to gaseous nitrogen).   Higher quantities of 
nitrate-nitrogen as compared to reduced nitrogen species are expected from the site.  Removal of nitrate 
biologically will be most prevalent in a wetland system as compared to ammonia and organic nitrogen.  
To a lesser extent, removal of ammonia and particulate organic nitrogen can be expected via plant and 
bacterial incorporation and sedimentation.  Oxidation of ammonia to nitrate and subsequent denitrification 
is another nitrogen removal mechanism in a wetland BMP (Reddy and Graetz, 1998).  Phosphorus, in 
contrast, is removed in a BMP primarily via physical precipitation and sedimentation of particulate material 
only.  However, some dissolved phosphorus can be removed in smaller quantities via cell mass 
incorporation.  Nutrients nitrogen and phosphorus incorporated into plant cell mass may ultimately be 
reintroduced into the water column by seasonal decay which may necessitate scheduled removal of plant 
material; however, it has been shown that biomass is acclimated to this material which results in relatively 
fast mineralization and conversion to new cell material, particularly in wetland sediments (Gambrell & 
Patrick, 1978). 
 
The model results indicate that the project will result in increased discharge of nutrients to the receiving 
water. The predicted increases are small compared to the total load that occurs in the receiving waters. 
For comparison, the increase in Total Phosphorous represents an increase of approximately 1.4% versus 
the load modeled for Castaic Creek assuming the whole Castaic watershed is in a pre-development 
condition. The increase for Dissolved Phosphorous is approximately 0.92% given the same assumption. 
For Total Kjeldahl Nitrogen the predicted increase is approximately 1.56% of the pre-settlement predicted 
load. Thus, the expected increases are small compared to the loads expected in the receiving waters. 
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Figure 8-7: Estimated Change in Nitrogen Constituent Concentrations (mg/L) in Watershed B 

 
 

 
Figure 8-8: Estimated Change in Nitrogen Constituent Loadings (lbs) in Watershed B 

 
 

 
Figure 8-9: Estimated Change in Nitrogen Constituent Concentrations (mg/L) in Watershed C 
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Figure 8-10: Estimated Change in Nitrogen Constituent Loadings (lbs) in Watershed C 

 
 

 
Figure 8-11: Estimated Change in Nitrogen Constituent Concentrations (mg/L) in Watershed D 

 
 

 
Figure 8-12: Estimated Change in Nitrogen Constituent Loadings (lbs) in Watershed D 
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Figure 8-13: Estimated Change in Phosphorus Constituent Concentrations (mg/L) in Watershed B 

 
 

 
Figure 8-14: Estimated Change in Phosphorus Constituent Loadings (lbs) in Watershed B 

 
 

 
Figure 8-15: Estimated Change in Phosphorus Constituent Concentrations (mg/L) in Watershed C 

0.16

0.11

0.38

0.28

0.31

0.15

0.00

0.05

0.10

0.15

0.20

0.25

0.30

0.35

0.40

Total Phosphorus Dissolved Phosphorus

C
o

n
ce

n
tr

a
ti

o
n

 (
m

g
/L

)

Pre-Development

Post-Development

Post w/ BMP

0.20 0.14

2.79

2.06
2.29

1.07

0.00

0.50

1.00

1.50

2.00

2.50

3.00

Total Phosphorus Dissolved Phosphorus

Lo
a

d
in

g
 (

lb
s)

Pre-Development

Post-Development

Post w/ BMP

0.16

0.11

0.31

0.22

0.25

0.12

0.00

0.05

0.10

0.15

0.20

0.25

0.30

0.35

Total Phosphorus Dissolved Phosphorus

C
o

n
ce

n
tr

a
ti

o
n

 (
m

g
/L

)

Pre-Development

Post-Development

Post w/ BMP



 

Water Quality Technical Report 8-14 
Section 8 – Impact Assessment 

 
Figure 8-16: Estimated Change in Phosphorus Constituent Loadings (lbs) in Watershed C 

 
 

 
Figure 8-17: Estimated Change in Phosphorus Constituent Concentrations (mg/L) in Watershed D 

 
 

 
Figure 8-18: Estimated Change in Phosphorus Constituent Loadings (lbs) in Watershed D 
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8.2.4.4 Metals 

 
The key metals evaluated in were copper, lead, and zinc.  Typically these three metals are considered the 
most prevalent with respect to significant impacts to receiving bodies from developed regions as urban 
areas produce relatively large quantities of such metals.  Copper, lead, and zinc can also be potentially 
harmful to aquatic biota at relatively low concentration.  Both the concentration and mass loadings of 
copper, lead, and zinc are expected to increase significantly post-development due to increases in 
gasoline engines, automobiles, and impervious area; however, since the pre-development loadings of 
metals from the project area were estimated to be relatively low, and a majority of the post-development 
land-use is open-space, increases in post-development loadings (prior to BMP treatment) are not 
anticipated to exceed standards established by the California EPA.  The estimated post-development 
pollutant loadings prior to BMP treatment are expected to be below standard chronic limits. 
 
The predicted increases in Metals are small compared to the loads already present in the river. Assuming 
the entire Castaic Creek watershed (approximately 206 square miles) is in a pristine (undeveloped) 
condition, the increase in Total Copper represents an increase of approximately 0.26%, while the 
increase in Total Zinc represents an increase in load of approximately 0.21%. 

 

 
Figure 8-19: Estimated Change in Metals Constituent Concentrations (mg/L) in Watershed B 

 
 

 
Figure 8-20: Estimated Change in Metals Constituent Loadings (lbs) in Watershed B 
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Figure 8-21: Estimated Change in Metals Constituent Concentrations (mg/L) in Watershed C 

 
 

 
Figure 8-22: Estimated Change in Metals Constituent Loadings (lbs) in Watershed C 

 
 

 
Figure 8-23: Estimated Change in Metals Constituent Concentrations (mg/L) in Watershed D 
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Figure 8-24: Estimated Change in Metals Constituent Loadings (lbs) in Watershed D 

 
 

8.2.4.5 Salts 

 
The stormwater runoff loads of salts from the project site can be evaluated through estimates of total 
dissolved solids (TDS) and chloride discharges. The average TDS (which includes chloride as well as 
other ions) and chloride pollutant loadings are expected to decrease between the pre- and post-
development conditions.  
 
Chlorides and TDS in general do not accumulate in stream or lake sediments as they remain dissolved 
and are essentially non-reactive through biological, chemical, and physical mechanisms.  Organisms in 
receiving bodies are more affected by changes in concentration, primarily chloride, than by the total mass 
loadings of TDS and chloride. 
 
When compared to the loads expected in the Castaic Watershed (206 square miles) assuming the entire 
watershed is undeveloped land, the projected increase in Total Dissolved Solids represents an increase 
of approximately 0.23%. The projected increase in Chlorides represents an increase of approximately 
0.59%. Thus the projected increases are small compared to pre-settlement conditions in the watershed. 
 

 
Figure 8-25: Estimated Change in Salts Constituent Concentrations (mg/L) in Watershed B 
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Figure 8-26: Estimated Change in Salts Constituent Loadings (lbs) in Watershed B 

 
 

 
Figure 8-27: Estimated Change in Salts Constituent Concentrations (mg/L) in Watershed C 

 
 

309.86

8.59

507.48

37.85

507.48

37.85

0.00

100.00

200.00

300.00

400.00

500.00

600.00

Total Dissolved Solids Chloride

Lo
a

d
in

g
 (

lb
s)

Pre-Development

Post-Development

Post w/ BMP

237.39

6.58

120.87

5.54

120.87

5.54

0.00

50.00

100.00

150.00

200.00

250.00

Total Dissolved Solids Chloride

C
o

n
ce

n
tr

a
ti

o
n

 (
m

g
/L

)

Pre-Development

Post-Development

Post w/ BMP



 

Water Quality Technical Report 8-19 
Section 8 – Impact Assessment 

 
Figure 8-28: Estimated Change in Salts Constituent Loadings (lbs) in Watershed C 

 

 
Figure 8-29: Estimated Change in Salts Constituent Concentrations (mg/L) in Watershed D 

 
 

 
Figure 8-30: Estimated Change in Salts Constituent Loadings (lbs) in Watershed D 
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8.2.4.6 Hydrocarbons 

 
As expected with conversion from uninhabited land to a master-planned community development, 
petroleum products such as fuel and solvents are expected to increase within the site.  The total 
petroleum hydrocarbon (TPH) loadings for both pre and post-development are comparable with the 
loadings of oil and grease.  Oil and grease, as well as TPH, are expected to increase in concentration by 
at least 90% after development.  Petroleum products are relatively easily degraded biologically in BMPs 
as carbonaceous materials such as oil and grease are utilized as food by bacteria and other biota.  BMPs 
provide habitat for such bacteria which enable degradation of oil and grease petroleum products. 
 
 

 
Figure 8-31: Estimated Change in Hydrocarbons Constituent Concentrations (mg/L) in Watershed B 

 
 

 
Figure 8-32: Estimated Change in Hydrocarbons Constituent Loadings (lbs) in Watershed B 
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Figure 8-33: Estimated Change in Hydrocarbons Constituent Concentrations (mg/L) in Watershed C 

 

 
Figure 8-34: Estimated Change in Hydrocarbons Constituent Loadings (lbs) in Watershed C 

 
 

 
Figure 8-35: Estimated Change in Hydrocarbons Constituent Concentrations (mg/L) in Watershed D 
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Figure 8-36: Estimated Change in Hydrocarbons Constituent Loadings (lbs) in Watershed D 

 

8.2.4.7 Biological Oxygen Demand (BOD) 

Biochemical Oxygen Demand (BOD) is a measurement of the amount of oxygen taken up by biological 
and chemical processes in a sample of water under standard laboratory conditions. BOD is not a 
measurement of any pollutant, but is an indicator of a wide variety of organic pollutants. The presence of 
BOD indicates that a water sample contains organic constituents that are biologically degraded during the 
five-day test, and the decomposition process absorbs oxygen from the water. High BOD is typically 
associated with high levels of pollutants, although many natural water constituents create BOD, and all 
stormwater or natural runoff will contain some BOD. 
 
The model results shown below indicate that the concentrations (mg/l) and loads (pounds) of BOD will 
increase slightly from pre-project conditions to proposed conditions. Similarly, the load of BOD (measured 
as pounds of oxygen demand) is predicted to increase following development. 
 
The projected increase in BOD can be compared to an estimated load in the Castaic Creek Watershed 
(206 square miles) assuming a completely pre-development condition in Castaic Creek Watershed. The 
projected increase from the project represents an increase of approximately 0.67% compared to pre-
settlement conditions in the Castaic Creek watershed. 
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Figure 8-37: Estimated Change in Biological Oxygen Demand Constituent Concentrations (mg/L) in 

Watershed B 
 

 
Figure 8-38: Estimated Change in Biological Oxygen Demand Constituent Loadings (lbs) in Watershed B 
 

 
Figure 8-39: Estimated Change in Biological Oxygen Demand Constituent Concentrations (mg/L) in 

Watershed C 

11.64

16.36

11.45

0.00

2.00

4.00

6.00

8.00

10.00

12.00

14.00

16.00

18.00

Biological Oxygen Demand

C
o

n
ce

n
tr

a
ti

o
n

 (
m

g
/L

)
Pre-Development

Post-Development

Post w/ BMP

15.19

120.59

84.41

0.00

20.00

40.00

60.00

80.00

100.00

120.00

140.00

Biological Oxygen Demand

Lo
a

d
in

g
 (

lb
s)

Pre-Development

Post-Development

Post w/ BMP

11.64

14.57

10.20

0.00

2.00

4.00

6.00

8.00

10.00

12.00

14.00

16.00

Biological Oxygen Demand

C
o

n
ce

n
tr

a
ti

o
n

 (
m

g
/L

)

Pre-Development

Post-Development

Post w/ BMP



 

Water Quality Technical Report 8-24 
Section 8 – Impact Assessment 

 
 

Figure 8-40: Estimated Change in Biological Oxygen Demand Constituent Loadings (lbs) in Watershed C 

 
 

Figure 8-41: Estimated Change in Biological Oxygen Demand Constituent Concentrations (mg/L) in 
Watershed D 

 
Figure 8-42: Estimated Change in Biological Oxygen Demand Constituent Loadings (lbs) in Watershed D 
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8.2.4.8 Coliform Bacteria 

 
Loading of fecal coliform bacteria (expressed as most probable number, or MPN, per 100 mL) increased 
due to the change in land use from a vacant area to almost 70% residential. Fecal Coliform is a class of 
bacteria that are associated with fecal matter, and therefore associated with domestic sewage. In older 
developments it is not uncommon to find some cross-connections between storm drains and sanitary 
sewers, and thus it is not uncommon to find some domestic sewage in stormwater discharged from storm 
drains. However, in a new development such as the proposed Los Valles project, cross-connections 
between sanitary sewers and storm drains are carefully avoided, and therefore domestic sewage is not 
expected to be mixed with the stormwater discharged from the project. Other potential sources of fecal 
coliforms include wild animals and pets, and both may occur in the proposed project. It is worth noting 
that Fecal Coliforms can be found in all natural lakes, rivers, wetlands and other surface waters. 
 
In order to compare the predicted discharge of Fecal Coliform bacteria to the existing condition in the 
river, a weighted concentration of Fecal Coliform bacteria was calculated using published data for the 
river. The average wet weather monthly discharge in the river is approximately 107.5 CFS in Reach 5 of 
the Santa Clara River (USGS), and median wet weather concentration of Fecal Coliform bacteria is 
approximately 52,000 MPN/100ml (LADPW). A weighted average concentration of Fecal Coliform 
bacteria was calculated based on the assumption that the peak discharge of stormwater from Los Valles 
project site, with the predicted post-BMP concentration of Fecal Coliform bacteria, is mixed with the 
average flow and median bacteria concentration in the river. The result predicts that the Los Valles 
project will increase the bacteria concentration in the river by 5.6%, assuming no die off of bacteria 
between Los Valles and the river. 
 
 
 
 
 
 

 

 
Figure 8-43: Estimated Change in Coliform Bacteria Constituent Concentrations (MPN/100mL) in 

Watershed B 
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Figure 8-44: Estimated Change in Coliform Bacteria Constituent Loadings (MPN) in Watershed B 

 

 
Figure 8-45: Estimated Change in Coliform Bacteria Constituent Concentrations (MPN/100mL) in 

Watershed C 
 
 

 
Figure 8-46: Estimated Change in Coliform Bacteria Constituent Loadings (MPN) in Watershed C 
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Figure 8-47: Estimated Change in Coliform Bacteria Constituent Concentrations (MPN/100mL) in 

Watershed D 
 
 

 
Figure 8-48: Estimated Change in Coliform Bacteria Constituent Loadings (MPN) in Watershed D 
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 Conclusions  9 

A range of common stormwater pollutants and design storm events were examined to evaluate the 
impact of the project on pollutant loading and runoff characteristics (hydromodification) to the receiving 
waters 

9.1 Stormwater Pollutants 

Pollutants included in the modeling were limited by the availability of data. In order for a pollutant to be 
included in the modeling for this report, data must be available to estimate the pollutant loading from the 
existing and proposed land uses, and pollutant removal efficiency for the proposed bioretention 
stormwater treatment facilities must also be available. Therefore the range of pollutants modeled herein 
includes: 
 

• Total Petroleum Hydrocarbons (TPH) 

• Oil and Grease 

• Biological Oxygen Demand (BOD) 

• Total Suspended Solids (TSS) 

• Total Dissolved Solids (TDS) 

• Chloride 

• Total Phosphorous 

• Dissolved Phosphorous 

• Total Copper 

• Total Lead 

• Total Zinc 

• Fecal Coliform 

The results of the modeling are shown in Figures 8-1 to 8-48. For each constituent the load of pollutant 
discharged during the 85

th
 percentile storm is shown for existing conditions, proposed conditions before 

stormwater treatment, and proposed conditions following stormwater treatment. 
 
Total Dissolved Solids (TDS) and Chloride are related constituents that are common in stormwater from 
all sources. These two constituent classes share the characteristic that they are not removed from 
stormwater by conventional treatment facilities nor by the physical, chemical, and biological processes 
that occur in stormwater treatment facilities. Thus these constituents pass through stormwater facilities 
with relatively little change in their concentration and the load discharged to the receiving waters is 
controlled by water volume and the concentrations generated within the project. The project will impact 
the concentration of TDS and Chloride by changing the interaction between rainwater and the land, with 
the result of decreasing the expected concentrations of these pollutants. Overall the load of TDS and 
Chloride will decrease following development, and the load will not be impacted by the proposed 
bioretention stormwater treatment facilities. TDS and Chloride are of particular concern in the Santa Clara 
River watershed because a TMDL exists for Chloride in some reaches of the river. Thus the reduction of 
TDS and Chloride is a benefit to the Santa Clara River watershed. 
 
Oil and Grease and TPH are similar pollutant categories that include a variety of compounds. Both are 
strongly related to development and tend to occur in very low concentrations in natural environments 
except in locations where natural petroleum seeps exist (which occur in some parts of the Santa Clara 
River watershed but not on the project site). The modeling results show that Oil and Grease and TPH will 
increase as a result of development, and that the proposed bioretention facilities will provide significant 
removal of both pollutants. Despite the relatively high removal rate for Oil and Grease and TPH, the 
overall net result of the project will be an increase in the discharge of Oil and Grease and TPH from the 
project site. 
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Total Suspended Solids (TSS) is a measurement of all solid materials large enough to be captured on 
standard filter equipment yet small enough to remain in suspension in water. The existing site is the 
source of considerable loads of TSS due to the presence of disturbed soils with poor vegetative cover 
throughout the site. Model results demonstrate that the development of the site, despite an increase in 
stormwater volume, will result in a decrease in the load of TSS generated within the site as indicated by 
the reduction of load between Pre-development and Post-Development conditions. The proposed 
bioretention facilities are very effective at capturing TSS, and the net result of the project will be a 
reduction of more than 75% of the TSS load from the site to receiving waters. 
 
The load of Total Phosphorous (TP) from the site will increase following development due to a modest 
increase in the concentration of TP following development. The bioretention treatment facilities are 
effective at removing TP, and the net result of the development will be a reduction of more than half of the 
TP load leaving the site to receiving waters. Total P is a significant contributor to eutrophication and can 
contribute to excessive growth of algae, so a net reduction in the Total P load to the receiving water is 
beneficial to the watershed. 
 
Total Copper will be similar before and after development of the project due to identical expected 
concentrations from all proposed and existing land uses, and the approximately constant runoff volumes 
expected before and after development. The bioretention facilities proposed for the project effectively 
remove Total Copper resulting in a net decrease of approximately 2/3 of the pre-project load of Total 
Copper from the site to the receiving waters. 
 
Total Lead occurs at low concentrations relative to many other stormwater constituents, and a small net 
increase in the discharge of Total Lead is predicted. Total Lead is typically related to urban land uses 
more strongly than to undeveloped or agricultural land uses unless the native soil contains significant 
lead, which is not the case in LA County. The existing conditions land use is, based on available data, not 
a source of Total Lead to the receiving water. Thus the relatively small load expected following 
development represents an increase. Fortunately bioretention is an effective way to reduce the load of 
Total Lead in stormwater, and a 33% decrease in the load of total lead generated within the project is 
predicted before discharge of the stormwater to the receiving waters. 
 
Total Zinc will increase following development, with modeling data indicating an increase of approximately 
1/3 of the pre-project load of Total Zinc. However, bioretention is effective at removing total metals 
including Zinc from stormwater, and the result of bioretention treatment will be a net reduction of Total 
Zinc compared to pre-project levels. The overall discharge of Total Zinc from the project site is anticipated 
to be approximately 75% of the pre-project load. 

9.2 Hydromodification 

Hydromod treatment will consist of both site design features, and treatment control facilities.  To estimate 
an upper bound for the required capacity of the treatment control facilities, the 50-yr storm event was 
volumetrically analyzed using two hydrologic methods.  Although the 50-yr storm event controls the 
project-wide storage volume needs of the project for hydromodification treatment control, the full 
spectrum of storms will be analyzed at the design phase using the approved MODRAT analysis 
procedure, in conformance with the LA County LID manual hydromodification mitigation design 
requirements. 
 
The basin designs will incorporate site specific staged outlet controls that enable the basins to sculpt the 
outflow hydrographs so that in the proposed conditions, the project watershed will match the runoff 
volume characteristics of the project watershed in the existing conditions. 
 
The outlet design details will be established to work with the final designed basin geometry, existing 
conditions runoff hydrographs, and proposed conditions runoff hydrographs.  With the hydromodification 
treatment control facilities in place, the project watershed runoff hydrographs will match the existing 
conditions runoff hydrographs for hydrograph body duration, peak, and volume.  The resulting treatment 



 

Water Quality Technical Report   9-3 
Section 9 

control facilities will treat stormwater pollutants, and also contour the runoff hydrographs to rectify 
unwanted hydromodification impacts of the project development. 
 
Note that the hydrology presented herein is performed using approximate methods to estimate volumes.  
Moreover, the hydrologic parameters are chosen to conservatively establish volumes that will be upper 
bounds on the volumes likely to be developed from the subsequent design level hydrology. 

 Stream Erosion/Aggradation 9.2.1

The hydromodification treatment requirements specified in the LA County LID manual will be satisfied by 
the project design, to prevent unwanted impacts to the geomorphology of the receiving stream.  The full 
design spectrum of storms will be treated to address possible alterations to the downstream flow 
frequency statistics and stream power characteristics.  The treatment controls will thus prevent streambed 
erosion or aggradation. 
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Figure 1: Santa Clara River Watershed Reaches 4A, 4B, 5 & 6 
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ATTACHMENT L. TMDLs IN THE SANTA CLARA RIVER WATERSHED MANAGEMENT 

AREA (WMA) 

A. Santa Clara River Nitrogen Compounds TMDL 

1. Permittees subject to the provisions below are identified in Attachment K, Table K-1. 

2. Permittees shall comply with the following water quality-based effluent limitations for 
discharges to the Santa Clara River Reach 51 as of the effective date of this Order: 

Constituent 
Effluent Limitations (mg/L) 

1-hour Average 30-day Average 

Total Ammonia as Nitrogen 5.2 1.75 

Nitrate as Nitrogen plus Nitrite as Nitrogen -- 6.8 

B. Upper Santa Clara River Chloride TMDL 

1. Permittees subject to the provisions below are identified in Attachment K, Table K-1. 

2. Permittees shall comply with the following water quality-based effluent limitation for 
discharges to the Santa Clara River Reaches 5 and 6 as of the effective date of this 
Order: 

Constituent 
Effluent Limitation 

Instantaneous Maximum 
(mg/L) 

Chloride 100 

C. Lake Elizabeth Trash TMDL 

1. Permittees subject to the provisions below are identified in Attachment K, Table K-1. 

2. Permittees shall comply with the final water quality-based effluent limitation of zero 
trash discharged to Lake Elizabeth no later than March 6, 2016 and every year 
thereafter. 

3. Permittees shall comply with interim and final water quality-based effluent limitations 
for trash discharged to Lake Elizabeth, per the schedule below: 

4. Permittees shall comply with the interim and final water quality-based effluent 
limitations for trash in C.2 and C.3 above per the provisions in Part VI.E.5. 

                                                           
1
 The Basin Plan Chapter 7-9 Santa Clara River Nitrogen Compounds TMDL uses the USEPA Santa Clara River reach 

designations.  The USEPA’s Santa Clara River Reach 7 corresponds to Santa Clara River Reach 5 in the Los Angeles 
Region’s Basin Plan Chapter 2. 

Deadline 

Effluent Limitation 

Drainage Area covered by 
Full Capture Systems (%) 

Annual Trash 
Discharge (gal/yr) 

Baseline 0 529 

March 6, 2012 20 423 

March 6, 2013 40 317 

March 6, 2014 60 212 

March 6, 2015 80 106 

March 6, 2016 100 0 
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D. Santa Clara River Indicator Bacteria TMDL 

1. Permittees subject to the provisions below are identified in Attachment K, Table K-1. 

2. Permittees shall comply with the following final water quality-based effluent 
limitations for discharges to the Santa Clara River Reaches 5, 6 and 7 during dry 
weather no later than March 21, 2023 and during wet weather2 no later than March 
21, 2029: 

Constituent 
Effluent Limitation (MPN or cfu) 

Daily Maximum Geometric Mean 

E. coli 235/100 mL 126/100 mL 

 

3. Receiving Water Limitations 

a. Permittees shall comply with the following interim bacteria receiving water 
limitations3 for the Santa Clara River Reaches 5, 6, and 7: 

Time 
Period 

Annual Allowable 
Exceedance Days of the 
Single Sample Objective 

(days) 
Deadline 

Daily 
Sampling 

Weekly 
Sampling 

Dry Weather 17 3 March 21, 2016 

Wet 
Weather 

61 9 March 21, 2016 

b. Permittees shall comply with the following final bacteria receiving water 
limitations4 for the Santa Clara River Reaches 5, 6, and 7: 

Time 
Period 

Annual Allowable 
Exceedance Days of the 
Single Sample Objective 

(days) 
Deadline 

Daily 
Sampling 

Weekly 
Sampling 

Dry Weather 5 1 March 21, 2023 

Wet 
Weather 

16 3 March 21, 2029 

 
  

                                                           
2
 Wet weather is defined as days with 0.1 inch of rain or more and the three days following the rain event. 

3
 The final receiving water limitations are group-based and shared among all MS4 Permittees located within the sub-drainage 

area to each reach. 
4
 Ibid. 
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c. Permittees shall comply with the following geometric mean receiving water 
limitation for the Santa Clara River Reaches 5, 6, and 7 during dry weather no 
later than March 21, 2023 and during wet weather no later than March 21, 2029: 

Constituent Geometric Mean (MPN or cfu) 

E. coli 126/100 mL 

 

d. Permittees may propose wet-weather load-based compliance at MS4 outfalls.  
The plan shall include an estimate of existing load and the allowable load from 
MS4 outfalls to attain the allowable number of exceedance days instream.  The 
plan shall include a technically defensible quantitative linkage to the allowable 
number of exceedance days.  The plan shall include quantitative estimates of the 
water quality benefits provided by the proposed implementation approach. 
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Appendix B – Runoff Volume Summaries  
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Appendix B – 85th Percentile Storm Event  

 

 

 

 

 



Existing Condition 85th Percentile

LA County 

Approx

SCS 

Method

Total 355.67 3.51 0.26

A 87.37 0.97 0.00

B 50.16 0.48 0.01

C 196.29 1.86 0.23

D 16.95 0.16 0.02

H1 1.29 0.01 0.00

H2 0.43 0.00 0.00

H3 1.69 0.02 0.00

H4 1.50 0.01 0.00

Summary

Watershed 

ID

Area 

[AC]

Runoff Volume [AF]
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Existing Condition 85th Percentile

W/S Name A1 B1 B10 B11 B12 B13 B14 B15 B2 B3 B4

Area (ac) 87.37 6.89 1.76 0.97 0.17 0.41 1.60 0.20 5.63 10.20 0.47

Storm Precip (in) 1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05

LA County Approx

Imp % 2.26 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Volume (ac-ft) 0.97 0.07 0.02 0.01 0.00 0.00 0.02 0.00 0.05 0.10 0.00

SCS Method

CN 65.68 60.87 67.00 65.19 67.00 67.00 71.87 65.15 67.00 68.37 67.00

S 5.22 6.43 4.93 5.34 4.93 4.93 3.91 5.35 4.93 4.63 4.93

Ia 1.04 1.29 0.99 1.07 0.99 0.99 0.78 1.07 0.99 0.93 0.99

Excess (in) 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00

Vol (ac-ft) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Page 1 of 7



Existing Condition 85th Percentile

W/S Name

Area (ac)

Storm Precip (in)

LA County Approx

Imp %

Volume (ac-ft)

SCS Method

CN

S

Ia

Excess (in)

Vol (ac-ft)

B5 B6 B7 B8 B9 C1 C10 C11 C12 C13 C14

8.13 5.14 4.28 1.25 3.05 0.58 1.61 1.65 11.87 3.48 9.07

1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

0.08 0.05 0.04 0.01 0.03 0.01 0.02 0.02 0.11 0.03 0.09

68.08 67.00 67.00 67.00 65.64 72.00 62.39 53.52 72.00 62.57 72.00

4.69 4.93 4.93 4.93 5.23 3.89 6.03 8.68 3.89 5.98 3.89

0.94 0.99 0.99 0.99 1.05 0.78 1.21 1.74 0.78 1.20 0.78

0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.02 0.00 0.02

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.01
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Existing Condition 85th Percentile

W/S Name

Area (ac)

Storm Precip (in)

LA County Approx

Imp %

Volume (ac-ft)

SCS Method

CN

S

Ia

Excess (in)

Vol (ac-ft)

C15 C16 C17 C18 C20 C21 C22 C23 C24 C25 C26

6.05 10.41 4.54 0.00 5.76 2.29 1.26 16.17 0.44 0.45 0.00

1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

0.06 0.10 0.04 0.00 0.05 0.02 0.01 0.15 0.00 0.00 0.00

72.00 66.13 70.77 67.00 72.00 72.00 67.02 70.71 56.01 72.00 72.00

3.89 5.12 4.13 4.93 3.89 3.89 4.92 4.14 7.85 3.89 3.89

0.78 1.02 0.83 0.99 0.78 0.78 0.98 0.83 1.57 0.78 0.78

0.02 0.00 0.01 0.00 0.02 0.02 0.00 0.01 0.00 0.02 0.02

0.01 0.00 0.00 0.00 0.01 0.00 0.00 0.02 0.00 0.00 0.00

Page 3 of 7



Existing Condition 85th Percentile

W/S Name

Area (ac)

Storm Precip (in)

LA County Approx

Imp %

Volume (ac-ft)

SCS Method

CN

S

Ia

Excess (in)

Vol (ac-ft)

C27 C28 C29 C3 C30 C31 C32 C33 C34 C35 C36

0.29 0.68 0.49 1.81 0.00 0.06 16.86 2.95 0.19 0.21 0.27

1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

0.00 0.01 0.00 0.02 0.00 0.00 0.16 0.03 0.00 0.00 0.00

56.00 65.79 66.01 69.85 56.00 56.00 72.00 72.00 56.14 65.24 63.00

7.86 5.20 5.15 4.32 7.86 7.86 3.89 3.89 7.81 5.33 5.87

1.57 1.04 1.03 0.86 1.57 1.57 0.78 0.78 1.56 1.07 1.17

0.00 0.00 0.00 0.01 0.00 0.00 0.02 0.02 0.00 0.00 0.00

0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.00 0.00
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Existing Condition 85th Percentile

W/S Name

Area (ac)

Storm Precip (in)

LA County Approx

Imp %

Volume (ac-ft)

SCS Method

CN

S

Ia

Excess (in)

Vol (ac-ft)

C37 C38 C39 C4 C40 C41 C42 C43 C44 C45 C46

0.73 2.88 8.14 0.00 0.46 6.50 7.16 6.06 3.37 4.59 9.89

1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

0.01 0.03 0.08 0.00 0.00 0.06 0.07 0.06 0.03 0.04 0.09

72.00 72.00 71.99 67.00 67.00 71.89 72.00 72.00 72.00 72.00 70.31

3.89 3.89 3.89 4.93 4.93 3.91 3.89 3.89 3.89 3.89 4.22

0.78 0.78 0.78 0.99 0.99 0.78 0.78 0.78 0.78 0.78 0.84

0.02 0.02 0.02 0.00 0.00 0.02 0.02 0.02 0.02 0.02 0.01

0.00 0.00 0.01 0.00 0.00 0.01 0.01 0.01 0.01 0.01 0.01
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Existing Condition 85th Percentile

W/S Name

Area (ac)

Storm Precip (in)

LA County Approx

Imp %

Volume (ac-ft)

SCS Method

CN

S

Ia

Excess (in)

Vol (ac-ft)

C47 C48 C49 C5 C50 C51 C6 C7 C8 C9 D1

1.96 1.38 0.33 11.00 19.92 0.35 0.00 0.89 5.54 5.69 1.73

1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

0.02 0.01 0.00 0.10 0.19 0.00 0.00 0.01 0.05 0.05 0.02

64.64 59.69 72.00 63.33 73.21 72.00 67.00 72.00 72.00 72.00 71.69

5.47 6.75 3.89 5.79 3.66 3.89 4.93 3.89 3.89 3.89 3.95

1.09 1.35 0.78 1.16 0.73 0.78 0.99 0.78 0.78 0.78 0.79

0.00 0.00 0.02 0.00 0.03 0.02 0.00 0.02 0.02 0.02 0.02

0.00 0.00 0.00 0.00 0.04 0.00 0.00 0.00 0.01 0.01 0.00
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Existing Condition 85th Percentile

W/S Name

Area (ac)

Storm Precip (in)

LA County Approx

Imp %

Volume (ac-ft)

SCS Method

CN

S

Ia

Excess (in)

Vol (ac-ft)

D2 D3 D4 D5 H1 H2 H3 H4

8.92 3.32 2.01 0.97 1.29 0.43 1.69 1.50

1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

0.08 0.03 0.02 0.01 0.01 0.00 0.02 0.01

72.00 66.99 72.00 72.00 70.79 62.54 67.00 57.37

3.89 4.93 3.89 3.89 4.13 5.99 4.93 7.43

0.78 0.99 0.78 0.78 0.83 1.20 0.99 1.49

0.02 0.00 0.02 0.02 0.01 0.00 0.00 0.00

0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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Proposed Condition 85th Percentile

LA County 

Approx

SCS 

Method

Total 355.67 12.75 3.62

A 87.37 0.97 0.00

B 50.16 2.71 1.00

C 196.29 8.20 2.30

D 16.95 0.82 0.31

H1 1.29 0.01 0.00

H2 0.43 0.00 0.00

H3 1.69 0.02 0.00

H4 1.50 0.01 0.00

Summary

Area 

[AC]

Watershed 

ID

Runoff Volume [AF]
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Proposed Condition 85th Percentile

W/S Name A1 B1 B10 B11 B12 B13 B14 B15 B2 B3 B4

Area (ac) 87.37 6.89 1.76 0.97 0.17 0.41 1.60 0.20 5.63 10.20 0.47

Storm Precip (in) 1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05

LA County Approx

Imp % 2.38 65.00 0.02 99.97 0.00 0.00 65.00 0.00 63.56 65.00 0.00

Volume (ac-ft) 0.97 0.38 0.02 0.08 0.00 0.00 0.09 0.00 0.30 0.56 0.00

SCS Method

CN 65.72 82.42 67.01 97.99 67.00 67.00 85.00 65.15 84.60 84.79 67.00

S 5.22 2.13 4.92 0.21 4.93 4.93 1.76 5.35 1.82 1.79 4.93

Ia 1.04 0.43 0.98 0.04 0.99 0.99 0.35 1.07 0.36 0.36 0.99

Excess (in) 0.00 0.14 0.00 0.84 0.00 0.00 0.20 0.00 0.19 0.19 0.00

Vol (ac-ft) 0.00 0.08 0.00 0.07 0.00 0.00 0.03 0.00 0.09 0.16 0.00

Page 1 of 7



Proposed Condition 85th Percentile

W/S Name

Area (ac)

Storm Precip (in)

LA County Approx

Imp %

Volume (ac-ft)

SCS Method

CN

S

Ia

Excess (in)

Vol (ac-ft)

B5 B6 B7 B8 B9 C1 C10 C11 C12 C13 C14

8.13 5.14 4.28 1.25 3.05 0.58 1.61 1.65 11.87 3.48 9.07

1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05

64.98 64.89 64.10 100.00 98.54 100.00 65.00 65.00 0.00 65.00 64.99

0.44 0.28 0.23 0.10 0.24 0.05 0.09 0.09 0.11 0.19 0.49

84.99 84.97 84.75 98.00 97.54 98.00 83.06 79.33 61.00 83.13 85.00

1.77 1.77 1.80 0.20 0.25 0.20 2.04 2.61 6.39 2.03 1.77

0.35 0.35 0.36 0.04 0.05 0.04 0.41 0.52 1.28 0.41 0.35

0.20 0.20 0.19 0.84 0.80 0.84 0.15 0.09 0.00 0.16 0.20

0.13 0.08 0.07 0.09 0.20 0.04 0.02 0.01 0.00 0.05 0.15
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Proposed Condition 85th Percentile

W/S Name

Area (ac)

Storm Precip (in)

LA County Approx

Imp %

Volume (ac-ft)

SCS Method

CN

S

Ia

Excess (in)

Vol (ac-ft)

C15 C16 C17 C18 C20 C21 C22 C23 C24 C25 C26

6.05 10.41 4.54 0.00 5.76 2.29 1.26 16.17 0.44 0.45 0.00

1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05

65.00 65.00 65.00 0.00 65.00 65.00 0.00 65.00 0.05 100.00 65.00

0.33 0.57 0.25 0.00 0.31 0.13 0.01 0.88 0.00 0.04 0.00

85.00 83.92 84.79 67.00 85.00 85.00 60.98 85.00 56.02 98.00 85.00

1.76 1.92 1.79 4.93 1.76 1.76 6.40 1.76 7.85 0.20 1.76

0.35 0.38 0.36 0.99 0.35 0.35 1.28 0.35 1.57 0.04 0.35

0.20 0.17 0.19 0.00 0.20 0.20 0.00 0.20 0.00 0.84 0.20

0.10 0.15 0.07 0.00 0.09 0.04 0.00 0.27 0.00 0.03 0.00
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Proposed Condition 85th Percentile

W/S Name

Area (ac)

Storm Precip (in)

LA County Approx

Imp %

Volume (ac-ft)

SCS Method

CN

S

Ia

Excess (in)

Vol (ac-ft)

C27 C28 C29 C3 C30 C31 C32 C33 C34 C35 C36

0.29 0.68 0.49 1.81 0.00 0.06 16.86 2.95 0.19 0.21 0.27

1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05

0.00 0.00 0.01 0.00 0.00 0.00 65.00 65.01 0.00 0.00 0.00

0.00 0.01 0.00 0.02 0.00 0.00 0.92 0.16 0.00 0.00 0.00

56.00 65.79 66.01 69.85 56.00 56.00 85.00 85.00 56.00 65.24 63.00

7.86 5.20 5.15 4.32 7.86 7.86 1.76 1.76 7.86 5.33 5.87

1.57 1.04 1.03 0.86 1.57 1.57 0.35 0.35 1.57 1.07 1.17

0.00 0.00 0.00 0.01 0.00 0.00 0.20 0.20 0.00 0.00 0.00

0.00 0.00 0.00 0.00 0.00 0.00 0.28 0.05 0.00 0.00 0.00
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Proposed Condition 85th Percentile

W/S Name

Area (ac)

Storm Precip (in)

LA County Approx

Imp %

Volume (ac-ft)

SCS Method

CN

S

Ia

Excess (in)

Vol (ac-ft)

C37 C38 C39 C4 C40 C41 C42 C43 C44 C45 C46

0.73 2.88 8.14 0.00 0.46 6.50 7.16 6.06 3.37 4.59 9.89

1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05

65.01 65.00 65.00 65.00 0.01 65.00 65.00 0.08 65.00 65.00 0.01

0.04 0.16 0.44 0.00 0.00 0.35 0.39 0.06 0.18 0.25 0.09

85.00 85.00 85.00 85.00 67.00 85.00 85.00 61.03 85.00 85.00 56.00

1.76 1.76 1.76 1.76 4.93 1.76 1.76 6.39 1.76 1.76 7.86

0.35 0.35 0.35 0.35 0.99 0.35 0.35 1.28 0.35 0.35 1.57

0.20 0.20 0.20 0.20 0.00 0.20 0.20 0.00 0.20 0.20 0.00

0.01 0.05 0.13 0.00 0.00 0.11 0.12 0.00 0.06 0.08 0.00
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Proposed Condition 85th Percentile

W/S Name

Area (ac)

Storm Precip (in)

LA County Approx

Imp %

Volume (ac-ft)

SCS Method

CN

S

Ia

Excess (in)

Vol (ac-ft)

C47 C48 C49 C5 C50 C51 C6 C7 C8 C9 D1

1.96 1.38 0.33 11.00 19.92 0.35 0.00 0.89 5.54 5.69 1.73

1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05

0.23 65.00 0.00 64.99 0.00 0.00 65.00 99.85 65.00 65.00 99.19

0.02 0.08 0.00 0.60 0.19 0.00 0.00 0.07 0.30 0.31 0.13

57.83 81.92 61.00 83.43 63.78 72.00 85.00 97.94 85.00 85.00 97.72

7.29 2.21 6.39 1.99 5.68 3.89 1.76 0.21 1.76 1.76 0.23

1.46 0.44 1.28 0.40 1.14 0.78 0.35 0.04 0.35 0.35 0.05

0.00 0.13 0.00 0.16 0.00 0.02 0.20 0.83 0.20 0.20 0.81

0.00 0.02 0.00 0.15 0.00 0.00 0.00 0.06 0.09 0.09 0.12
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Proposed Condition 85th Percentile

W/S Name

Area (ac)

Storm Precip (in)

LA County Approx

Imp %

Volume (ac-ft)

SCS Method

CN

S

Ia

Excess (in)

Vol (ac-ft)

D2 D3 D4 D5 H1 H2 H3 H4

8.92 3.32 2.01 0.97 1.29 0.43 1.69 1.50

1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05

65.00 0.00 65.00 65.01 0.00 0.83 0.00 0.00

0.49 0.03 0.11 0.05 0.01 0.00 0.02 0.01

85.00 61.00 85.00 85.00 61.00 56.26 67.00 57.37

1.76 6.39 1.76 1.76 6.39 7.78 4.93 7.43

0.35 1.28 0.35 0.35 1.28 1.56 0.99 1.49

0.20 0.00 0.20 0.20 0.00 0.00 0.00 0.00

0.15 0.00 0.03 0.02 0.00 0.00 0.00 0.00
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Appendix B – 50-Year Storm Event  

 

 

 

 

 



Proposed Condition 50-Year

LA County 

Approx

SCS 

Method

Total 355.67 80.15 96.59

A 87.37 9.14 16.52

B 50.16 15.78 17.18

C 196.29 49.92 56.71

D 16.95 4.83 5.39

H1 1.29 0.12 0.20

H2 0.43 0.04 0.05

H3 1.69 0.16 0.34

H4 1.50 0.15 0.20

Summary

Watershed 

ID

Area 

[AC]

Runoff Volume [AF]
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Proposed Condition 50-Year

W/S Name A1 B1 B10 B11 B12 B13 B14 B15 B2 B3 B4

Area (ac) 87.37 6.89 1.76 0.97 0.17 0.41 1.60 0.20 5.63 10.20 0.47

Storm Precip (in) 5.80 5.80 5.80 5.80 5.80 5.80 5.80 5.80 5.80 5.80 5.80

LA County Approx

Imp % 2.38 65.00 0.02 99.97 0.00 0.00 65.00 0.00 63.56 65.00 0.00

Volume (ac-ft) 9.14 2.18 0.17 0.42 0.02 0.04 0.51 0.02 1.75 3.23 0.05

SCS Method

CN 65.72 82.42 67.01 97.99 67.00 67.00 85.00 65.15 84.60 84.79 67.00

S 5.22 2.13 4.92 0.21 4.93 4.93 1.76 5.35 1.82 1.79 4.93

Ia 1.04 0.43 0.98 0.04 0.99 0.99 0.35 1.07 0.36 0.36 0.99

Excess (in) 2.27 3.85 2.38 5.56 2.38 2.38 4.11 2.22 4.07 4.09 2.38

Vol (ac-ft) 16.52 2.21 0.35 0.45 0.03 0.08 0.55 0.04 1.91 3.48 0.09
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Proposed Condition 50-Year

W/S Name

Area (ac)

Storm Precip (in)

LA County Approx

Imp %

Volume (ac-ft)

SCS Method

CN

S

Ia

Excess (in)

Vol (ac-ft)

B5 B6 B7 B8 B9 C1 C10 C11 C12 C13 C14

8.13 5.14 4.28 1.25 3.05 0.58 1.61 1.65 11.87 3.48 9.07

5.80 5.80 5.80 5.80 5.80 5.80 5.80 5.80 5.80 5.80 5.80

64.98 64.89 64.10 100.00 98.54 100.00 65.00 65.00 0.00 65.00 64.99

2.57 1.63 1.34 0.54 1.31 0.25 0.51 0.52 1.15 1.10 2.87

84.99 84.97 84.75 98.00 97.54 98.00 83.06 79.33 61.00 83.13 85.00

1.77 1.77 1.80 0.20 0.25 0.20 2.04 2.61 6.39 2.03 1.77

0.35 0.35 0.36 0.04 0.05 0.04 0.41 0.52 1.28 0.41 0.35

4.11 4.11 4.09 5.56 5.51 5.56 3.91 3.53 1.87 3.92 4.11

2.79 1.76 1.46 0.58 1.40 0.27 0.53 0.49 1.85 1.14 3.11
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Proposed Condition 50-Year

W/S Name

Area (ac)

Storm Precip (in)

LA County Approx

Imp %

Volume (ac-ft)

SCS Method

CN

S

Ia

Excess (in)

Vol (ac-ft)

C15 C16 C17 C18 C20 C21 C22 C23 C24 C25 C26

6.05 10.41 4.54 0.00 5.76 2.29 1.26 16.17 0.44 0.45 0.00

5.80 5.80 5.80 5.80 5.80 5.80 5.80 5.80 5.80 5.80 5.80

65.00 65.00 65.00 0.00 65.00 65.00 0.00 65.00 0.05 100.00 65.00

1.92 3.29 1.44 0.00 1.82 0.73 0.12 5.12 0.04 0.19 0.00

85.00 83.92 84.79 67.00 85.00 85.00 60.98 85.00 56.02 98.00 85.00

1.76 1.92 1.79 4.93 1.76 1.76 6.40 1.76 7.85 0.20 1.76

0.35 0.38 0.36 0.99 0.35 0.35 1.28 0.35 1.57 0.04 0.35

4.11 4.00 4.09 2.38 4.11 4.11 1.87 4.11 1.48 5.56 4.11

2.07 3.47 1.55 0.00 1.97 0.79 0.20 5.54 0.05 0.21 0.00
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Proposed Condition 50-Year

W/S Name

Area (ac)

Storm Precip (in)

LA County Approx

Imp %

Volume (ac-ft)

SCS Method

CN

S

Ia

Excess (in)

Vol (ac-ft)

C27 C28 C29 C3 C30 C31 C32 C33 C34 C35 C36

0.29 0.68 0.49 1.81 0.00 0.06 16.86 2.95 0.19 0.21 0.27

5.80 5.80 5.80 5.80 5.80 5.80 5.80 5.80 5.80 5.80 5.80

0.00 0.00 0.01 0.00 0.00 0.00 65.00 65.01 0.00 0.00 0.00

0.03 0.07 0.05 0.17 0.00 0.01 5.34 0.93 0.02 0.02 0.03

56.00 65.79 66.01 69.85 56.00 56.00 85.00 85.00 56.00 65.24 63.00

7.86 5.20 5.15 4.32 7.86 7.86 1.76 1.76 7.86 5.33 5.87

1.57 1.04 1.03 0.86 1.57 1.57 0.35 0.35 1.57 1.07 1.17

1.48 2.27 2.29 2.63 1.48 1.48 4.11 4.11 1.48 2.23 2.04

0.04 0.13 0.09 0.40 0.00 0.01 5.78 1.01 0.02 0.04 0.05
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Proposed Condition 50-Year

W/S Name

Area (ac)

Storm Precip (in)

LA County Approx

Imp %

Volume (ac-ft)

SCS Method

CN

S

Ia

Excess (in)

Vol (ac-ft)

C37 C38 C39 C4 C40 C41 C42 C43 C44 C45 C46

0.73 2.88 8.14 0.00 0.46 6.50 7.16 6.06 3.37 4.59 9.89

5.80 5.80 5.80 5.80 5.80 5.80 5.80 5.80 5.80 5.80 5.80

65.01 65.00 65.00 65.00 0.01 65.00 65.00 0.08 65.00 65.00 0.01

0.23 0.91 2.58 0.00 0.04 2.06 2.27 0.59 1.07 1.45 0.96

85.00 85.00 85.00 85.00 67.00 85.00 85.00 61.03 85.00 85.00 56.00

1.76 1.76 1.76 1.76 4.93 1.76 1.76 6.39 1.76 1.76 7.86

0.35 0.35 0.35 0.35 0.99 0.35 0.35 1.28 0.35 0.35 1.57

4.11 4.11 4.11 4.11 2.38 4.11 4.11 1.88 4.11 4.11 1.48

0.25 0.99 2.79 0.00 0.09 2.23 2.46 0.95 1.16 1.57 1.22
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Proposed Condition 50-Year

W/S Name

Area (ac)

Storm Precip (in)

LA County Approx

Imp %

Volume (ac-ft)

SCS Method

CN

S

Ia

Excess (in)

Vol (ac-ft)

C47 C48 C49 C5 C50 C51 C6 C7 C8 C9 D1

1.96 1.38 0.33 11.00 19.92 0.35 0.00 0.89 5.54 5.69 1.73

5.80 5.80 5.80 5.80 5.80 5.80 5.80 5.80 5.80 5.80 5.80

0.23 65.00 0.00 64.99 0.00 0.00 65.00 99.85 65.00 65.00 99.19

0.19 0.44 0.03 3.48 1.92 0.03 0.00 0.39 1.75 1.80 0.75

57.83 81.92 61.00 83.43 63.78 72.00 85.00 97.94 85.00 85.00 97.72

7.29 2.21 6.39 1.99 5.68 3.89 1.76 0.21 1.76 1.76 0.23

1.46 0.44 1.28 0.40 1.14 0.78 0.35 0.04 0.35 0.35 0.05

1.62 3.80 1.87 3.95 2.10 2.83 4.11 5.56 4.11 4.11 5.53

0.27 0.44 0.05 3.62 3.49 0.08 0.00 0.41 1.90 1.95 0.80
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Proposed Condition 50-Year

W/S Name

Area (ac)

Storm Precip (in)

LA County Approx

Imp %

Volume (ac-ft)

SCS Method

CN

S

Ia

Excess (in)

Vol (ac-ft)

D2 D3 D4 D5 H1 H2 H3 H4

8.92 3.32 2.01 0.97 1.29 0.43 1.69 1.50

5.80 5.80 5.80 5.80 5.80 5.80 5.80 5.80

65.00 0.00 65.00 65.01 0.00 0.83 0.00 0.00

2.82 0.32 0.64 0.31 0.12 0.04 0.16 0.15

85.00 61.00 85.00 85.00 61.00 56.26 67.00 57.37

1.76 6.39 1.76 1.76 6.39 7.78 4.93 7.43

0.35 1.28 0.35 0.35 1.28 1.56 0.99 1.49

4.11 1.87 4.11 4.11 1.87 1.50 2.38 1.58

3.06 0.52 0.69 0.33 0.20 0.05 0.34 0.20
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Existing Condition 50-Year

LA County 

Approx

SCS 

Method

Total 355.67 35.01 75.01

A 87.37 9.10 16.50

B 50.16 4.84 9.83

C 196.29 18.95 43.91

D 16.95 1.64 3.87

H1 1.29 0.12 0.29

H2 0.43 0.04 0.07

H3 1.69 0.16 0.34

H4 1.50 0.15 0.20

Summary

Watershed 

ID

Area 

[AC]

Runoff Volume [AF]
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Existing Condition 50-Year

W/S Name A1 B1 B10 B11 B12 B13 B14 B15 B2 B3 B4

Area (ac) 87.37 6.89 1.76 0.97 0.17 0.41 1.60 0.20 5.63 10.20 0.47

Storm Precip (in) 5.80 5.80 5.80 5.80 5.80 5.80 5.80 5.80 5.80 5.80 5.80

LA County Approx

Imp % 2.26 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Volume (ac-ft) 9.10 0.66 0.17 0.09 0.02 0.04 0.15 0.02 0.54 0.98 0.05

SCS Method

CN 65.68 60.87 67.00 65.19 67.00 67.00 71.87 65.15 67.00 68.37 67.00

S 5.22 6.43 4.93 5.34 4.93 4.93 3.91 5.35 4.93 4.63 4.93

Ia 1.04 1.29 0.99 1.07 0.99 0.99 0.78 1.07 0.99 0.93 0.99

Excess (in) 2.27 1.86 2.38 2.22 2.38 2.38 2.82 2.22 2.38 2.50 2.38

Vol (ac-ft) 16.50 1.07 0.35 0.18 0.03 0.08 0.38 0.04 1.12 2.12 0.09
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Existing Condition 50-Year

W/S Name

Area (ac)

Storm Precip (in)

LA County Approx

Imp %

Volume (ac-ft)

SCS Method

CN

S

Ia

Excess (in)

Vol (ac-ft)

B5 B6 B7 B8 B9 C1 C10 C11 C12 C13 C14

8.13 5.14 4.28 1.25 3.05 0.58 1.61 1.65 11.87 3.48 9.07

5.80 5.80 5.80 5.80 5.80 5.80 5.80 5.80 5.80 5.80 5.80

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

0.79 0.50 0.41 0.12 0.29 0.06 0.16 0.16 1.15 0.34 0.88

68.08 67.00 67.00 67.00 65.64 72.00 62.39 53.52 72.00 62.57 72.00

4.69 4.93 4.93 4.93 5.23 3.89 6.03 8.68 3.89 5.98 3.89

0.94 0.99 0.99 0.99 1.05 0.78 1.21 1.74 0.78 1.20 0.78

2.48 2.38 2.38 2.38 2.26 2.83 1.99 1.30 2.83 2.00 2.83

1.68 1.02 0.85 0.25 0.58 0.14 0.27 0.18 2.80 0.58 2.14
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Existing Condition 50-Year

W/S Name

Area (ac)

Storm Precip (in)

LA County Approx

Imp %

Volume (ac-ft)

SCS Method

CN

S

Ia

Excess (in)

Vol (ac-ft)

C15 C16 C17 C18 C20 C21 C22 C23 C24 C25 C26

6.05 10.41 4.54 0.00 5.76 2.29 1.26 16.17 0.44 0.45 0.00

5.80 5.80 5.80 5.80 5.80 5.80 5.80 5.80 5.80 5.80 5.80

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

0.58 1.00 0.44 0.00 0.56 0.22 0.12 1.56 0.04 0.04 0.00

72.00 66.13 70.77 67.00 72.00 72.00 67.02 70.71 56.01 72.00 72.00

3.89 5.12 4.13 4.93 3.89 3.89 4.92 4.14 7.85 3.89 3.89

0.78 1.02 0.83 0.99 0.78 0.78 0.98 0.83 1.57 0.78 0.78

2.83 2.30 2.72 2.38 2.83 2.83 2.38 2.71 1.48 2.83 2.83

1.43 2.00 1.03 0.00 1.36 0.54 0.25 3.66 0.05 0.11 0.00
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Existing Condition 50-Year

W/S Name

Area (ac)

Storm Precip (in)

LA County Approx

Imp %

Volume (ac-ft)

SCS Method

CN

S

Ia

Excess (in)

Vol (ac-ft)

C27 C28 C29 C3 C30 C31 C32 C33 C34 C35 C36

0.29 0.68 0.49 1.81 0.00 0.06 16.86 2.95 0.19 0.21 0.27

5.80 5.80 5.80 5.80 5.80 5.80 5.80 5.80 5.80 5.80 5.80

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

0.03 0.07 0.05 0.17 0.00 0.01 1.63 0.28 0.02 0.02 0.03

56.00 65.79 66.01 69.85 56.00 56.00 72.00 72.00 56.14 65.24 63.00

7.86 5.20 5.15 4.32 7.86 7.86 3.89 3.89 7.81 5.33 5.87

1.57 1.04 1.03 0.86 1.57 1.57 0.78 0.78 1.56 1.07 1.17

1.48 2.27 2.29 2.63 1.48 1.48 2.83 2.83 1.49 2.23 2.04

0.04 0.13 0.09 0.40 0.00 0.01 3.98 0.69 0.02 0.04 0.05
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Existing Condition 50-Year

W/S Name

Area (ac)

Storm Precip (in)

LA County Approx

Imp %

Volume (ac-ft)

SCS Method

CN

S

Ia

Excess (in)

Vol (ac-ft)

C37 C38 C39 C4 C40 C41 C42 C43 C44 C45 C46

0.73 2.88 8.14 0.00 0.46 6.50 7.16 6.06 3.37 4.59 9.89

5.80 5.80 5.80 5.80 5.80 5.80 5.80 5.80 5.80 5.80 5.80

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

0.07 0.28 0.79 0.00 0.04 0.63 0.69 0.58 0.33 0.44 0.95

72.00 72.00 71.99 67.00 67.00 71.89 72.00 72.00 72.00 72.00 70.31

3.89 3.89 3.89 4.93 4.93 3.91 3.89 3.89 3.89 3.89 4.22

0.78 0.78 0.78 0.99 0.99 0.78 0.78 0.78 0.78 0.78 0.84

2.83 2.83 2.83 2.38 2.38 2.82 2.83 2.83 2.83 2.83 2.68

0.17 0.68 1.92 0.00 0.09 1.53 1.69 1.43 0.80 1.08 2.20
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Existing Condition 50-Year

W/S Name

Area (ac)

Storm Precip (in)

LA County Approx

Imp %

Volume (ac-ft)

SCS Method

CN

S

Ia

Excess (in)

Vol (ac-ft)

C47 C48 C49 C5 C50 C51 C6 C7 C8 C9 D1

1.96 1.38 0.33 11.00 19.92 0.35 0.00 0.89 5.54 5.69 1.73

5.80 5.80 5.80 5.80 5.80 5.80 5.80 5.80 5.80 5.80 5.80

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

0.19 0.13 0.03 1.06 1.92 0.03 0.00 0.09 0.53 0.55 0.17

64.64 59.69 72.00 63.33 73.21 72.00 67.00 72.00 72.00 72.00 71.69

5.47 6.75 3.89 5.79 3.66 3.89 4.93 3.89 3.89 3.89 3.95

1.09 1.35 0.78 1.16 0.73 0.78 0.99 0.78 0.78 0.78 0.79

2.18 1.77 2.83 2.07 2.94 2.83 2.38 2.83 2.83 2.83 2.80

0.36 0.20 0.08 1.89 4.89 0.08 0.00 0.21 1.31 1.34 0.40
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Existing Condition 50-Year

W/S Name

Area (ac)

Storm Precip (in)

LA County Approx

Imp %

Volume (ac-ft)

SCS Method

CN

S

Ia

Excess (in)

Vol (ac-ft)

D2 D3 D4 D5 H1 H2 H3 H4

8.92 3.32 2.01 0.97 1.29 0.43 1.69 1.50

5.80 5.80 5.80 5.80 5.80 5.80 5.80 5.80

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

0.86 0.32 0.19 0.09 0.12 0.04 0.16 0.15

72.00 66.99 72.00 72.00 70.79 62.54 67.00 57.37

3.89 4.93 3.89 3.89 4.13 5.99 4.93 7.43

0.78 0.99 0.78 0.78 0.83 1.20 0.99 1.49

2.83 2.38 2.83 2.83 2.72 2.00 2.38 1.58

2.10 0.66 0.48 0.23 0.29 0.07 0.34 0.20
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Calculations  

 

 

 

 

 

 



Los Angeles County MODRAT Approximation Supplemental Calculations

P = 1.05 in P = 5.80 in

T % Inc Precip C_undevel T % Inc Precip C_undevel

0 0.184239 0.001934505 0.1 0 0.184239 0.010685837 0.1

5 0.184601 0.001938315 0.1 5 0.184601 0.010706883 0.1

10 0.184966 0.001942148 0.1 10 0.184966 0.010728055 0.1

15 0.185334 0.001946004 0.1 15 0.185334 0.010749355 0.1

20 0.185765 0.001950534 0.1 20 0.185765 0.010774378 0.1

25 0.186137 0.001954444 0.1 25 0.186137 0.010795975 0.1

30 0.186512 0.001958377 0.1 30 0.186512 0.010817704 0.1

35 0.186889 0.001962335 0.1 35 0.186889 0.010839567 0.1

40 0.187332 0.001966986 0.1 40 0.187332 0.010865254 0.1

45 0.187714 0.001971 0.1 45 0.187714 0.010887427 0.1

50 0.188099 0.001975039 0.1 50 0.188099 0.010909739 0.1

55 0.188486 0.001979103 0.1 55 0.188486 0.01093219 0.1

60 0.188941 0.001983879 0.1 60 0.188941 0.010958572 0.1

65 0.189334 0.001988003 0.1 65 0.189334 0.010981347 0.1

70 0.189729 0.001992152 0.1 70 0.189729 0.011004268 0.1

75 0.190126 0.001996328 0.1 75 0.190126 0.011027334 0.1

80 0.190594 0.002001235 0.1 80 0.190594 0.011054443 0.1

85 0.190997 0.002005473 0.1 85 0.190997 0.011077849 0.1

90 0.191404 0.002009737 0.1 90 0.191404 0.011101407 0.1

95 0.191812 0.00201403 0.1 95 0.191812 0.011125118 0.1

100 0.192293 0.002019075 0.1 100 0.192293 0.011152987 0.1

105 0.192708 0.002023432 0.1 105 0.192708 0.011177053 0.1

110 0.193125 0.002027818 0.1 110 0.193125 0.011201279 0.1

115 0.193546 0.002032232 0.1 115 0.193546 0.011225665 0.1

120 0.19404 0.002037422 0.1 120 0.19404 0.011254331 0.1

125 0.194467 0.002041904 0.1 125 0.194467 0.011279091 0.1

130 0.194897 0.002046417 0.1 130 0.194897 0.011304016 0.1

135 0.195329 0.00205096 0.1 135 0.195329 0.01132911 0.1

140 0.195838 0.002056301 0.1 140 0.195838 0.011358613 0.1

145 0.196278 0.002060914 0.1 145 0.196278 0.011384099 0.1

150 0.19672 0.00206556 0.1 150 0.19672 0.011409759 0.1

155 0.197165 0.002070237 0.1 155 0.197165 0.011435596 0.1

160 0.197689 0.002075737 0.1 160 0.197689 0.011465978 0.1

165 0.198142 0.002080489 0.1 165 0.198142 0.011492227 0.1

170 0.198598 0.002085274 0.1 170 0.198598 0.011518659 0.1

175 0.199057 0.002090093 0.1 175 0.199057 0.011545277 0.1

180 0.199596 0.002095761 0.1 180 0.199596 0.011576582 0.1

85th Percentile Storm Event 50-Year Storm Event

Source: Appendix C of the 2006 LACDPW Hydrology Manual
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Los Angeles County MODRAT Approximation Supplemental Calculations

P = 1.05 in P = 5.80 in

T % Inc Precip C_undevel T % Inc Precip C_undevel

85th Percentile Storm Event 50-Year Storm Event

185 0.200063 0.002100658 0.1 185 0.200063 0.011603633 0.1

190 0.200532 0.00210559 0.1 190 0.200532 0.011630877 0.1

195 0.201005 0.002110557 0.1 195 0.201005 0.011658317 0.1

200 0.201562 0.002116401 0.1 200 0.201562 0.011690593 0.1

205 0.202043 0.002121451 0.1 205 0.202043 0.011718489 0.1

210 0.202527 0.002126537 0.1 210 0.202527 0.011746587 0.1

215 0.203015 0.002131661 0.1 215 0.203015 0.011774892 0.1

220 0.20359 0.00213769 0.1 220 0.20359 0.011808192 0.1

225 0.204086 0.002142901 0.1 225 0.204086 0.011836976 0.1

230 0.204586 0.002148151 0.1 230 0.204586 0.011865975 0.1

235 0.20509 0.00215344 0.1 235 0.20509 0.011895192 0.1

240 0.205682 0.002159664 0.1 240 0.205682 0.011929571 0.1

245 0.206195 0.002165045 0.1 245 0.206195 0.011959294 0.1

250 0.206711 0.002170466 0.1 250 0.206711 0.011989243 0.1

255 0.207231 0.00217593 0.1 255 0.207231 0.012019421 0.1

260 0.207844 0.00218236 0.1 260 0.207844 0.01205494 0.1

265 0.208373 0.00218792 0.1 265 0.208373 0.012085653 0.1

270 0.208907 0.002193524 0.1 270 0.208907 0.012116606 0.1

275 0.209445 0.002199171 0.1 275 0.209445 0.012147801 0.1

280 0.210078 0.002205819 0.1 280 0.210078 0.012184523 0.1

285 0.210626 0.002211569 0.1 285 0.210626 0.012216285 0.1

290 0.211178 0.002217364 0.1 290 0.211178 0.012248299 0.1

295 0.211734 0.002223207 0.1 295 0.211734 0.01228057 0.1

300 0.212389 0.002230085 0.1 300 0.212389 0.012318566 0.1

305 0.212956 0.002236036 0.1 305 0.212956 0.012351436 0.1

310 0.213527 0.002242035 0.1 310 0.213527 0.012384575 0.1

315 0.214103 0.002248083 0.1 315 0.214103 0.012417985 0.1

320 0.214782 0.002255207 0.1 320 0.214782 0.012457332 0.1

325 0.215369 0.00226137 0.1 325 0.215369 0.012491377 0.1

330 0.21596 0.002267585 0.1 330 0.21596 0.012525708 0.1

335 0.216557 0.002273852 0.1 335 0.216557 0.012560327 0.1

340 0.21726 0.002281235 0.1 340 0.21726 0.012601106 0.1

345 0.217869 0.002287624 0.1 345 0.217869 0.0126364 0.1

350 0.218483 0.002294068 0.1 350 0.218483 0.012671997 0.1

355 0.219102 0.002300568 0.1 355 0.219102 0.012707899 0.1

360 0.219831 0.002308226 0.1 360 0.219831 0.012750202 0.1

365 0.220462 0.002314856 0.1 365 0.220462 0.012786823 0.1

370 0.221099 0.002321544 0.1 370 0.221099 0.012823765 0.1

375 0.221742 0.002328291 0.1 375 0.221742 0.012861034 0.1

380 0.222499 0.002336242 0.1 380 0.222499 0.012904957 0.1

385 0.223155 0.002343128 0.1 385 0.223155 0.012942991 0.1

390 0.223817 0.002350075 0.1 390 0.223817 0.012981368 0.1

395 0.224484 0.002357086 0.1 395 0.224484 0.013020093 0.1

400 0.225271 0.00236535 0.1 400 0.225271 0.013065744 0.1

405 0.225953 0.002372508 0.1 405 0.225953 0.013105284 0.1

410 0.226641 0.002379733 0.1 410 0.226641 0.013145191 0.1

415 0.227336 0.002387025 0.1 415 0.227336 0.01318547 0.1

420 0.228155 0.002395623 0.1 420 0.228155 0.013232966 0.1

425 0.228864 0.002403073 0.1 425 0.228864 0.013274117 0.1

430 0.22958 0.002410594 0.1 430 0.22958 0.01331566 0.1

435 0.230303 0.002418186 0.1 435 0.230303 0.0133576 0.1

440 0.231156 0.002427142 0.1 440 0.231156 0.013407071 0.1

445 0.231896 0.002434904 0.1 445 0.231896 0.013449945 0.1

450 0.232642 0.002442742 0.1 450 0.232642 0.013493239 0.1

455 0.233396 0.002450657 0.1 455 0.233396 0.01353696 0.1

460 0.234285 0.002459995 0.1 460 0.234285 0.013588546 0.1
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Los Angeles County MODRAT Approximation Supplemental Calculations

P = 1.05 in P = 5.80 in

T % Inc Precip C_undevel T % Inc Precip C_undevel

85th Percentile Storm Event 50-Year Storm Event

465 0.235056 0.002468092 0.1 465 0.235056 0.013633269 0.1

470 0.235835 0.00247627 0.1 470 0.235835 0.013678442 0.1

475 0.236622 0.002484531 0.1 475 0.236622 0.013724074 0.1

480 0.237551 0.002494281 0.1 480 0.237551 0.013777933 0.1

485 0.238356 0.002502737 0.1 485 0.238356 0.013824641 0.1

490 0.23917 0.002511281 0.1 490 0.23917 0.013871835 0.1

495 0.239992 0.002519913 0.1 495 0.239992 0.013919522 0.1

500 0.240963 0.002530107 0.1 500 0.240963 0.013975827 0.1

505 0.241805 0.00253895 0.1 505 0.241805 0.014024675 0.1

510 0.242656 0.002547888 0.1 510 0.242656 0.014074046 0.1

515 0.243516 0.002556922 0.1 515 0.243516 0.014123949 0.1

520 0.244533 0.002567593 0.1 520 0.244533 0.014182893 0.1

525 0.245415 0.002576854 0.1 525 0.245415 0.01423405 0.1

530 0.246306 0.002586217 0.1 530 0.246306 0.014285771 0.1

535 0.247208 0.002595685 0.1 535 0.247208 0.014338069 0.1

540 0.248274 0.002606872 0.1 540 0.248274 0.014399867 0.1

545 0.249199 0.002616586 0.1 545 0.249199 0.014453522 0.1

550 0.250134 0.00262641 0.1 550 0.250134 0.014507789 0.1

555 0.251081 0.002636347 0.1 555 0.251081 0.014562681 0.1

560 0.2522 0.002648095 0.1 560 0.2522 0.014627572 0.1

565 0.253171 0.002658299 0.1 565 0.253171 0.014683937 0.1

570 0.254155 0.002668624 0.1 570 0.254155 0.014740968 0.1

575 0.25515 0.002679071 0.1 575 0.25515 0.014798678 0.1

580 0.256326 0.002691427 0.1 580 0.256326 0.014866932 0.1

585 0.257349 0.002702165 0.1 585 0.257349 0.014926246 0.1

590 0.258384 0.002713034 0.1 590 0.258384 0.014986285 0.1

595 0.259432 0.002724038 0.1 595 0.259432 0.015047065 0.1

600 0.260672 0.002737058 0.1 600 0.260672 0.015118985 0.1

605 0.26175 0.002748378 0.1 605 0.26175 0.015181516 0.1

610 0.262842 0.002759842 0.1 610 0.262842 0.015244841 0.1

615 0.263948 0.002771452 0.1 615 0.263948 0.015308975 0.1

620 0.265257 0.002785198 0.1 620 0.265257 0.015384905 0.1

625 0.266396 0.002797156 0.1 625 0.266396 0.015450958 0.1

630 0.26755 0.002809272 0.1 630 0.26755 0.015517881 0.1

635 0.268719 0.002821548 0.1 635 0.268719 0.015585693 0.1

640 0.270104 0.00283609 0.1 640 0.270104 0.015666023 0.1

645 0.271309 0.002848749 0.1 645 0.271309 0.015735944 0.1

650 0.272531 0.00286158 0.1 650 0.272531 0.015806824 0.1

655 0.27377 0.002874589 0.1 655 0.27377 0.015878683 0.1

660 0.275239 0.002890009 0.1 660 0.275239 0.015963858 0.1

665 0.276518 0.002903439 0.1 665 0.276518 0.016038044 0.1

670 0.277815 0.002917061 0.1 670 0.277815 0.016113289 0.1

675 0.279131 0.002930879 0.1 675 0.279131 0.016189618 0.1

680 0.280692 0.002947269 0.1 680 0.280692 0.016280151 0.1

685 0.282053 0.002961554 0.1 685 0.282053 0.016359058 0.1

690 0.283433 0.002976051 0.1 690 0.283433 0.01643914 0.1

695 0.284835 0.002990767 0.1 695 0.284835 0.016520426 0.1

700 0.286498 0.003008234 0.1 700 0.286498 0.01661691 0.1

705 0.287949 0.003023469 0.1 705 0.287949 0.016701065 0.1

710 0.289423 0.003038941 0.1 710 0.289423 0.01678653 0.1

715 0.29092 0.003054656 0.1 715 0.29092 0.016873339 0.1

720 0.292698 0.003073325 0.1 720 0.292698 0.016976461 0.1

725 0.29425 0.003089621 0.1 725 0.29425 0.017066479 0.1

730 0.295827 0.003106183 0.1 730 0.295827 0.017157965 0.1

735 0.29743 0.003123018 0.1 735 0.29743 0.017250958 0.1

740 0.299337 0.003143034 0.1 740 0.299337 0.017361522 0.1
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Los Angeles County MODRAT Approximation Supplemental Calculations

P = 1.05 in P = 5.80 in

T % Inc Precip C_undevel T % Inc Precip C_undevel

85th Percentile Storm Event 50-Year Storm Event

745 0.301002 0.003160522 0.1 745 0.301002 0.017458123 0.1

750 0.302696 0.00317831 0.1 750 0.302696 0.017556378 0.1

755 0.30442 0.003196405 0.1 755 0.30442 0.017656333 0.1

760 0.306471 0.00321794 0.1 760 0.306471 0.017775289 0.1

765 0.308264 0.003236774 0.1 765 0.308264 0.017879325 0.1

770 0.31009 0.003255948 0.1 770 0.31009 0.017985234 0.1

775 0.31195 0.00327547 0.1 775 0.31195 0.018093075 0.1

780 0.314165 0.003298729 0.1 780 0.314165 0.018221551 0.1

785 0.316104 0.003319093 0.1 785 0.316104 0.018334035 0.1

790 0.31808 0.003339843 0.1 790 0.31808 0.018448658 0.1

795 0.320095 0.003360993 0.1 795 0.320095 0.018565488 0.1

800 0.322497 0.003386221 0.1 800 0.322497 0.018704838 0.1

805 0.324603 0.003408335 0.1 805 0.324603 0.018826991 0.1

810 0.326752 0.003430894 0.1 810 0.326752 0.018951603 0.1

815 0.328944 0.003453913 0.1 815 0.328944 0.019078757 0.1

820 0.331562 0.003481406 0.1 820 0.331562 0.019230622 0.1

825 0.333861 0.003505538 0.1 825 0.333861 0.019363927 0.1

830 0.336208 0.003530187 0.1 830 0.336208 0.019500082 0.1

835 0.338607 0.003555371 0.1 835 0.338607 0.019639191 0.1

840 0.341476 0.003585493 0.1 840 0.341476 0.019805582 0.1

845 0.343998 0.003611975 0.1 845 0.343998 0.019951863 0.1

850 0.346577 0.003639061 0.1 850 0.346577 0.02010148 0.1

855 0.349217 0.003666774 0.1 855 0.349217 0.02025456 0.1

860 0.352379 0.003699978 0.1 860 0.352379 0.020437975 0.1

865 0.355164 0.00372922 0.1 865 0.355164 0.020599503 0.1

870 0.358017 0.003759177 0.1 870 0.358017 0.020764978 0.1

875 0.360941 0.003789878 0.1 875 0.360941 0.020934562 0.1

880 0.364451 0.003826733 0.1 880 0.364451 0.021138145 0.1

885 0.367548 0.003859256 0.1 885 0.367548 0.021317795 0.1

890 0.370727 0.003892635 0.1 890 0.370727 0.021502172 0.1

895 0.373991 0.003926907 0.1 895 0.373991 0.021691484 0.1

900 0.377918 0.003968142 0.1 900 0.377918 0.021919262 0.1

905 0.381392 0.004004615 0.1 905 0.381392 0.022120732 0.1

910 0.384965 0.004042128 0.1 910 0.384965 0.022327944 0.1

915 0.388641 0.004080729 0.1 915 0.388641 0.022541171 0.1

920 0.393076 0.004127296 0.1 920 0.393076 0.022798399 0.1

925 0.397009 0.004168598 0.1 925 0.397009 0.023026543 0.1

930 0.401065 0.004211184 0.1 930 0.401065 0.023261778 0.1

935 0.40525 0.00425512 0.1 935 0.40525 0.023504473 0.1

940 0.410313 0.004308289 0.1 940 0.410313 0.023798166 0.1

945 0.414819 0.0043556 0.1 945 0.414819 0.024059503 0.1

950 0.419479 0.004404528 0.1 950 0.419479 0.024329771 0.1

955 0.424301 0.004455165 0.1 955 0.424301 0.024609485 0.1

960 0.43016 0.004516675 0.1 960 0.43016 0.024949253 0.1

965 0.435393 0.004571625 0.1 965 0.435393 0.025252786 0.1

970 0.440825 0.004628661 0.1 970 0.440825 0.025567841 0.1

975 0.446468 0.004687916 0.1 975 0.446468 0.025895157 0.1

980 0.453355 0.004760228 0.1 980 0.453355 0.026294592 0.1

985 0.459538 0.004825144 0.1 985 0.459538 0.026653178 0.1

990 0.465984 0.004892832 0.1 990 0.465984 0.02702707 0.104118896

995 0.472713 0.00496349 0.1 995 0.472713 0.027417375 0.108579522

1000 0.480974 0.005050222 0.1 1000 0.480974 0.027896465 0.114054836

1005 0.488435 0.005128568 0.1 1005 0.488435 0.028329233 0.11900076

1010 0.49626 0.005210734 0.1 1010 0.49626 0.028783102 0.12418783

1015 0.50448 0.005297036 0.1 1015 0.50448 0.029259819 0.12963603

1020 0.514645 0.005403776 0.1 1020 0.514645 0.029849428 0.13637442

Page 4 of 6



Los Angeles County MODRAT Approximation Supplemental Calculations

P = 1.05 in P = 5.80 in

T % Inc Precip C_undevel T % Inc Precip C_undevel

85th Percentile Storm Event 50-Year Storm Event

1025 0.523903 0.005500981 0.1 1025 0.523903 0.030386371 0.142510904

1030 0.533687 0.005603711 0.1 1030 0.533687 0.030953834 0.148996196

1035 0.544048 0.005712504 0.1 1035 0.544048 0.031554783 0.155864186

1040 0.556995 0.005848444 0.1 1040 0.556995 0.032305688 0.164445961

1045 0.568916 0.005973621 0.1 1045 0.568916 0.032997147 0.172348345

1050 0.58165 0.00610733 0.1 1050 0.58165 0.033735725 0.180789244

1055 0.595292 0.006250569 0.1 1055 0.595292 0.034526955 0.189831867

1060 0.612589 0.006432183 0.1 1060 0.612589 0.035530156 0.20111173

1065 0.628774 0.00660213 0.1 1065 0.628774 0.036468909 0.210307683

1070 0.646337 0.006786535 0.1 1070 0.646337 0.037487524 0.22028595

1075 0.66548 0.00698754 0.1 1075 0.66548 0.038597841 0.231162521

1080 0.690304 0.007248196 0.1 1080 0.690304 0.040037656 0.245266836

1085 0.714132 0.007498387 0.1 1085 0.714132 0.04141966 0.258804831

1090 0.740657 0.007776903 0.1 1090 0.740657 0.042958131 0.273875568

1095 0.770424 0.008089447 0.1 1095 0.770424 0.044684565 0.290787578

1100 0.810571 0.008510993 0.1 1100 0.810571 0.047013104 0.31359775

1105 0.850933 0.008934796 0.1 1105 0.850933 0.049354114 0.336530094

1110 0.898132 0.009430383 0.1 1110 0.898132 0.05209164 0.363346674

1115 0.954313 0.010020288 0.1 1115 0.954313 0.055350162 0.395266892

1120 1.036952 0.010887991 0.1 1120 1.036952 0.060143191 0.422486212

1125 1.129892 0.011863868 0.1 1125 1.129892 0.065533745 0.450610842

1130 1.254316 0.013170315 0.1 1130 1.254316 0.072750309 0.488262484

1135 1.433025 0.015046765 0.1 1135 1.433025 0.083115466 0.523187044

1140 1.818284 0.019091985 0.1 1140 1.818284 0.105460489 0.587029967

1145 3.31306 0.034787129 0.192805279 1145 3.31306 0.192157472 0.701125638

1150 3.768784 0.039572229 0.240707551 1150 3.768784 0.218589456 0.714916238

1155 1.213546 0.012742235 0.1 1155 1.213546 0.070385678 0.475925274

1160 0.878487 0.009224115 0.1 1160 0.878487 0.050952255 0.352185353

1165 0.728879 0.007653233 0.1 1165 0.728879 0.042275003 0.267183703

1170 0.638295 0.006702097 0.1 1170 0.638295 0.037021107 0.215716971

1175 0.575713 0.006044991 0.1 1175 0.575713 0.033391379 0.176853854

1180 0.529071 0.005555243 0.1 1180 0.529071 0.030686104 0.145936427

1185 0.492537 0.00517164 0.1 1185 0.492537 0.028567155 0.121719864

1190 0.462897 0.004860424 0.1 1190 0.462897 0.026848054 0.102072995

1195 0.438211 0.004601219 0.1 1195 0.438211 0.025416259 0.1

1200 0.417228 0.004380895 0.1 1200 0.417228 0.024199231 0.1

1205 0.3991 0.00419055 0.1 1205 0.3991 0.023147798 0.1

1210 0.383229 0.004023904 0.1 1210 0.383229 0.022227277 0.1

1215 0.369179 0.003876383 0.1 1215 0.369179 0.021412399 0.1

1220 0.356625 0.003744563 0.1 1220 0.356625 0.020684255 0.1

1225 0.345317 0.003625826 0.1 1225 0.345317 0.020028371 0.1

1230 0.33506 0.003518126 0.1 1230 0.33506 0.019433456 0.1

1235 0.325699 0.00341984 0.1 1235 0.325699 0.018890547 0.1

1240 0.317111 0.003329665 0.1 1240 0.317111 0.018392433 0.1

1245 0.309194 0.003246533 0.1 1245 0.309194 0.017933231 0.1

1250 0.301864 0.003169568 0.1 1250 0.301864 0.017508089 0.1

1255 0.295051 0.003098037 0.1 1255 0.295051 0.017112966 0.1

1260 0.288698 0.003031325 0.1 1260 0.288698 0.016744461 0.1

1265 0.282753 0.00296891 0.1 1265 0.282753 0.016399694 0.1

1270 0.277176 0.002910347 0.1 1270 0.277176 0.016076202 0.1

1275 0.271929 0.002855252 0.1 1275 0.271929 0.015771868 0.1

1280 0.26698 0.002803293 0.1 1280 0.26698 0.015484859 0.1

1285 0.262303 0.002754182 0.1 1285 0.262303 0.015213579 0.1

1290 0.257873 0.002707666 0.1 1290 0.257873 0.014956632 0.1

1295 0.253669 0.002663522 0.1 1295 0.253669 0.014712789 0.1

1300 0.249672 0.002621554 0.1 1300 0.249672 0.014480965 0.1
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Los Angeles County MODRAT Approximation Supplemental Calculations

P = 1.05 in P = 5.80 in

T % Inc Precip C_undevel T % Inc Precip C_undevel

85th Percentile Storm Event 50-Year Storm Event

1305 0.245865 0.002581587 0.1 1305 0.245865 0.014260196 0.1

1310 0.242235 0.002543466 0.1 1310 0.242235 0.014049624 0.1

1315 0.238767 0.002507053 0.1 1315 0.238767 0.013848483 0.1

1320 0.23545 0.002472222 0.1 1320 0.23545 0.013656083 0.1

1325 0.232272 0.002438861 0.1 1325 0.232272 0.013471804 0.1

1330 0.229226 0.002406869 0.1 1330 0.229226 0.013295086 0.1

1335 0.2263 0.002376154 0.1 1335 0.2263 0.013125422 0.1

1340 0.223489 0.002346633 0.1 1340 0.223489 0.012962352 0.1

1345 0.220784 0.002318229 0.1 1345 0.220784 0.012805456 0.1

1350 0.218178 0.002290874 0.1 1350 0.218178 0.012654351 0.1

1355 0.215667 0.002264503 0.1 1355 0.215667 0.012508686 0.1

1360 0.213244 0.00223906 0.1 1360 0.213244 0.012368141 0.1

1365 0.210904 0.00221449 0.1 1365 0.210904 0.012232419 0.1

1370 0.208642 0.002190744 0.1 1370 0.208642 0.01210125 0.1

1375 0.206455 0.002167776 0.1 1375 0.206455 0.011974382 0.1

1380 0.204338 0.002145545 0.1 1380 0.204338 0.011851584 0.1

1385 0.202287 0.002124012 0.1 1385 0.202287 0.01173264 0.1

1390 0.200299 0.002103141 0.1 1390 0.200299 0.011617352 0.1

1395 0.198371 0.002082899 0.1 1395 0.198371 0.011505535 0.1

1400 0.1965 0.002063253 0.1 1400 0.1965 0.011397017 0.1

1405 0.194683 0.002044176 0.1 1405 0.194683 0.011291637 0.1

1410 0.192918 0.002025639 0.1 1410 0.192918 0.011189246 0.1

1415 0.191202 0.002007619 0.1 1415 0.191202 0.011089704 0.1

1420 0.189532 0.00199009 0.1 1420 0.189532 0.01099288 0.1

1425 0.187908 0.001973032 0.1 1425 0.187908 0.010898653 0.1

1430 0.186326 0.001956423 0.1 1430 0.186326 0.010806906 0.1

1435 0.184785 0.001940243 0.1 1435 0.184785 0.010717532 0.1

1440 0 0 0.1 1440 0 0 0.1
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Table 4-12.  Summary of 1994-2000 Land Use Results by Site

Data 
Included 

Sincea
DL Units

No. of 
Samples

No. of Non-
detects

Percent 
Detects

Mean Median CV
No. of 

Samples

No. of 
Non-

detects

Percent 
Detects

Mean Median CV
No. of 

Samples

No. of 
Non-

detects

Percent 
Detects

Mean Median CV

Miscellaneous Constituents
Cyanide 96 0.01 mg/l 0 0 S.I.D. S.I.D. S.I.D. S.I.D. 15 15 0 S.I.D. S.I.D. S.I.D. 0 0 S.I.D. S.I.D. S.I.D. S.I.D.
TPH 94 1 mg/l 8 2 75 3.1 2.9 0.63 21 19 10 S.I.D. S.I.D. S.I.D. 3 0 100 1.3 1.2 0.23
Oil and Grease 94 1 mg/l 8 1 88 3.3 2.9 0.51 21 17 19 S.I.D. S.I.D. S.I.D. 3 0 100 1.3 1.2 0.23
Total Phenols 94 0.1 mg/l 8 8 0 S.I.D. S.I.D. S.I.D. 21 21 0 S.I.D. S.I.D. S.I.D. 3 3 0 S.I.D. S.I.D. S.I.D.

Indicator Bacteria
Total Coliform 94 20 MPN/100ml 8 0 100 1,140,000   1,250,000    0.71 21 1 95 9,187           2,200       1.25 3 0 100 1,366,667    1,600,000    0.30
Fecal Coliform 94 20 MPN/100ml 8 0 100 528,750      90,000         1.35 21 2 90 1,397           500          2.60 3 0 100 933,333       900,000       0.70
Ratio Fecal Coliform/Total Coliform 94 0 0 S.I.D. S.I.D. S.I.D. S.I.D. 7 0 100 52% 64% 0.79 0 0 S.I.D. S.I.D. S.I.D. S.I.D.
Fecal Streptococcus 94 20 MPN/100ml 8 0 100 212,875      150,000       1.37 21 1 95 2,254           800          1.57 3 0 100 1,233,333    1,600,000    0.51
Fecal Enterococcus 94 20 MPN/100ml 8 0 100 86,250        40,000         1.18 21 1 95 679              500          0.98 3 0 100 610,000       140,000       1.41

General Minerals
Ammonia 94 0.1 mg/l 33 7 79 1.26 0.30 2.11 41 27 34 0.13 0.05 2.48 34 6 82 0.41 0.30 1.05
Calcium 96 1.0 mg/l 30 0 100 19 11 0.86 39 0 100 50 50 0.09 32 1 97 6.7 5.8 0.55
Magnesium 96 1.0 mg/l 30 0 100 6.8 3.9 0.92 39 0 100 15 16 0.26 32 8 75 1.5 1.2 0.66
Potassium 94 1.0 mg/l 36 0 100 4.0 2.8 0.81 45 0 100 2.4 2.4 0.22 38 0 100 3.6 2.9 0.66
Sodium 96 1.0 mg/l 33 0 100 37 19 1.03 45 0 100 13 14 0.20 36 0 100 6.2 5.0 0.81
Bicarbonate 94 2.0 mg/l 33 0 100 48 21 0.93 42 0 100 175 176 0.15 35 0 100 21 13 1.04
Carbonate 94 2.0 mg/l 33 33 0 S.I.D. S.I.D. S.I.D. 42 36 14 S.I.D. S.I.D. S.I.D. 35 35 0 S.I.D. S.I.D. S.I.D.
Chloride 94 2.0 mg/l 33 0 100 50 15.8 1.28 43 0 100 6.6 6.5 0.26 33 2 94 5.0 4.2 0.69
Fluoride 94 0.1 mg/l 33 18 45 0.13 0.05 0.81 43 0 100 0.37 0.36 0.21 33 27 18 S.I.D. S.I.D. S.I.D.
Nitrate 94 0.1 mg/l 33 1 97 2.6 2.0 0.63 43 0 100 5.2 4.6 0.56 33 1 97 3.9 2.1 1.38
Sulfate 94 0.1 mg/l 33 0 100 35 11 1.18 43 0 100 17 15 0.40 33 0 100 6.9 3.8 1.05
Alkalinity 94 4.0 mg/l 33 0 100 48 21 0.93 42 0 100 169 174 0.13 35 0 100 20 13 0.91
Hardness 96 2.0 mg/l 30 0 100 76 42 0.87 39 0 100 185 190 0.11 31 0 100 23 20 0.53
COD 97 5 mg/l 24 0 100 98 89 0.80 34 15 56 17 11 1.35 32 5 84 89 39 1.87
pH 94 0-14 33 0 100 7.0 6.8 0.07 42 0 100 8.1 8.1 0.03 35 0 100 6.5 6.5 0.06
Specific Conductance 94 1.0 umhos/cm 31 0 100 356 167 0.99 38 0 100 386 390 0.11 33 0 100 90 61 0.77
Total Dissolved Solids 96 2.0 mg/l 29 0 100 226 106 0.93 36 0 100 237 240 0.09 32 0 100 58 38 0.80
Turbidity 94 0.1 NTU 33 0 100 31 24 0.67 41 0 100 69 5.6 2.30 34 0 100 34 19 1.17
Total Suspended Solids 96 2.0 mg/l 29 0 100 66 53 0.65 39 1 97 186 18 3.27 30 0 100 95 61 1.16
Volatile Suspended Solids 94 1.0 mg/l/hr 31 0 100 32 29 0.54 41 7 83 36 12 2.48 31 0 100 48 31 0.91
MBAS 97 0.05 mg/l 22 11 50 0.18 0.04 1.52 30 30 0 S.I.D. S.I.D. S.I.D. 29 26 10 S.I.D. S.I.D. S.I.D.
Total Organic Carbon 94 1.0 mg/l 35 0 100 10 7.3 0.74 43 0 100 5.3 3.6 0.84 38 0 100 9.8 7.1 0.76
BOD 94 2.0 mg/l 26 1 96 27 24 0.58 39 4 90 12 5.0 1.01 27 0 100 16 15 0.68

Nutrients
Dissolved Phosphorus 94 0.05 mg/l 33 1 97 0.30 0.19 0.86 37 21 43 0.11 0.03 3.38 32 0 100 0.29 0.25 0.57
Total Phosphorus 94 0.05 mg/l 32 1 97 0.39 0.28 0.77 39 16 59 0.16 0.05 2.63 32 0 100 0.39 0.32 0.77
NH3-N 94 0.1 mg/l 33 8 76 1.04 0.25 2.11 41 30 27 0.11 0.05 2.41 34 7 79 0.34 0.25 1.04
Nitrate-N 96 0.1 mg/l 31 7 77 0.48 0.43 0.82 40 1 98 1.05 0.94 0.53 32 11 66 0.86 0.46 1.51
Nitrite-N 94 0.1 mg/l 34 7 79 0.16 0.07 1.74 43 30 30 0.05 0.05 0.20 33 12 64 0.10 0.05 1.01
TKN 96 0.1 mg/l 32 0 100 3.4 2.2 0.94 40 0 100 0.79 0.68 0.60 35 0 100 2.9 2.0 1.04

Metals
Dissolved Aluminum 96 100 µg/l 33 24 27 241 50 3.19 42 29 31 190 50 2.39 36 26 28 105 50 1.03
Total Aluminum 96 100 µg/l 33 8 76 4055 295 4.87 42 13 69 1681 234 5.25 36 6 83 599 287 1.08
Dissolved Antimony 97 5 µg/l 24 24 0 S.I.D. S.I.D. S.I.D. 34 34 0 S.I.D. S.I.D. S.I.D. 32 32 0 S.I.D. S.I.D. S.I.D.
Total Antimony 97 5 µg/l 24 24 0 S.I.D. S.I.D. S.I.D. 34 34 0 S.I.D. S.I.D. S.I.D. 32 32 0 S.I.D. S.I.D. S.I.D.
Dissolved Arsenic 97 5 µg/l 24 23 4 S.I.D. S.I.D. S.I.D. 34 34 0 S.I.D. S.I.D. S.I.D. 32 32 0 S.I.D. S.I.D. S.I.D.
Total Arsenic 97 5 µg/l 24 22 8 S.I.D. S.I.D. S.I.D. 34 32 6 S.I.D. S.I.D. S.I.D. 32 29 9 S.I.D. S.I.D. S.I.D.
Dissolved Barium 97 10 µg/l 24 2 92 39 33 0.81 34 2 94 57 58 0.41 32 17 47 14 5.0 0.92
Total Barium 97 10 µg/l 24 2 92 114 41 2.64 34 2 94 83 62 1.59 32 11 66 21 21 0.72
Dissolved Beryllium 97 1 µg/l 17 17 0 S.I.D. S.I.D. S.I.D. 22 22 0 S.I.D. S.I.D. S.I.D. 19 19 0 S.I.D. S.I.D. S.I.D.
Total Beryllium 97 1 µg/l 24 23 4 S.I.D. S.I.D. S.I.D. 34 33 3 S.I.D. S.I.D. S.I.D. 32 32 0 S.I.D. S.I.D. S.I.D.
Dissolved Boron 97 100 µg/l 24 3 88 198 188 0.49 32 14 56 121 116 0.65 32 12 63 126 125 0.58
Total Boron 97 100 µg/l 24 1 96 261 254 0.41 32 8 75 178 170 0.59 32 5 84 181 171 0.52
Dissolved Cadmium 97 1 µg/l 24 21 13 S.I.D. S.I.D. S.I.D. 34 34 0 S.I.D. S.I.D. S.I.D. 32 31 3 S.I.D. S.I.D. S.I.D.
Total Cadmium 97 1 µg/l 24 19 21 0.73 0.50 0.71 34 34 0 S.I.D. S.I.D. S.I.D. 32 30 6 S.I.D. S.I.D. S.I.D.
Dissolved Chromium 97 5 µg/l 24 24 0 S.I.D. S.I.D. S.I.D. 34 34 0 S.I.D. S.I.D. S.I.D. 32 32 0 S.I.D. S.I.D. S.I.D.
Total Chromium 97 5 µg/l 24 18 25 27 2.5 4.18 34 33 3 S.I.D. S.I.D. S.I.D. 32 29 9 S.I.D. S.I.D. S.I.D.
Dissolved Chromium +6 94 10 µg/l 33 33 0 S.I.D. S.I.D. S.I.D. 41 41 0 S.I.D. S.I.D. S.I.D. 36 36 0 S.I.D. S.I.D. S.I.D.
Total Chromium +6 94 10 µg/l 33 33 0 S.I.D. S.I.D. S.I.D. 41 41 0 S.I.D. S.I.D. S.I.D. 36 36 0 S.I.D. S.I.D. S.I.D.
Dissolved Copper 97 5 µg/l 24 3 88 14 11 0.84 34 31 9 S.I.D. S.I.D. S.I.D. 32 15 53 8.5 6.7 0.95

Commercial Vacant High Density Single Family Residential
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Table 4-12.  Summary of 1994-2000 Land Use Results by Site

Data 
Included 

Sincea
DL Units

No. of 
Samples

No. of Non-
detects

Percent 
Detects

Mean Median CV
No. of 

Samples

No. of 
Non-

detects

Percent 
Detects

Mean Median CV
No. of 

Samples

No. of 
Non-

detects

Percent 
Detects

Mean Median CV

Commercial Vacant High Density Single Family Residential

Total Copper 97 5 µg/l 24 0 100 39 22 1.57 34 15 56 15 5.5 3.14 32 2 94 15 11 0.57
Dissolved Iron 94 100 µg/l 39 17 56 382 106 2.81 45 35 22 202 50 3.27 38 27 29 123 50 1.20
Total Iron 94 100 µg/l 40 2 95 5319 587 5.24 45 14 69 3003 233 5.23 38 7 82 1117 546 1.36
Dissolved Lead 97 5 µg/l 24 20 17 S.I.D. S.I.D. S.I.D. 34 34 0 S.I.D. S.I.D. S.I.D. 32 28 13 S.I.D. S.I.D. S.I.D.
Total Lead 97 5 µg/l 24 15 38 18 2.5 2.80 34 31 9 S.I.D. S.I.D. S.I.D. 32 14 56 10 5.4 1.03
Dissolved Manganese 98 100 µg/l 14 14 0 S.I.D. S.I.D. S.I.D. 18 18 0 S.I.D. S.I.D. S.I.D. 11 10 9 S.I.D. S.I.D. S.I.D.
Total Manganese 98 100 µg/l 14 13 7 S.I.D. S.I.D. S.I.D. 18 14 22 67 50 0.48 11 10 9 S.I.D. S.I.D. S.I.D.
Dissolved Mercury 94 1 µg/l 37 35 5 S.I.D. S.I.D. S.I.D. 42 42 0 S.I.D. S.I.D. S.I.D. 35 35 0 S.I.D. S.I.D. S.I.D.
Total Mercury 94 1 µg/l 37 35 5 S.I.D. S.I.D. S.I.D. 43 42 2 S.I.D. S.I.D. S.I.D. 35 34 3 S.I.D. S.I.D. S.I.D.
Dissolved Nickel 97 5 µg/l 24 21 13 S.I.D. S.I.D. S.I.D. 34 34 0 S.I.D. S.I.D. S.I.D. 32 32 0 S.I.D. S.I.D. S.I.D.
Nickel 97 5 µg/l 24 16 33 15 2.5 3.69 34 29 15 S.I.D. S.I.D. S.I.D. 32 27 16 S.I.D. S.I.D. S.I.D.
Dissolved Selenium 94 5 µg/l 40 40 0 S.I.D. S.I.D. S.I.D. 45 45 0 S.I.D. S.I.D. S.I.D. 38 38 0 S.I.D. S.I.D. S.I.D.
Total Selenium 94 5 µg/l 40 35 13 S.I.D. S.I.D. S.I.D. 45 44 2 S.I.D. S.I.D. S.I.D. 38 38 0 S.I.D. S.I.D. S.I.D.
Dissolved Silver 97 1 µg/l 24 23 4 S.I.D. S.I.D. S.I.D. 34 34 0 S.I.D. S.I.D. S.I.D. 32 32 0 S.I.D. S.I.D. S.I.D.
Total Silver 97 1 µg/l 24 22 8 S.I.D. S.I.D. S.I.D. 34 34 0 S.I.D. S.I.D. S.I.D. 32 31 3 S.I.D. S.I.D. S.I.D.
Dissolved Thallium 97 5 µg/l 24 24 0 S.I.D. S.I.D. S.I.D. 34 34 0 S.I.D. S.I.D. S.I.D. 32 32 0 S.I.D. S.I.D. S.I.D.
Total Thallium 97 5 µg/l 24 24 0 S.I.D. S.I.D. S.I.D. 34 34 0 S.I.D. S.I.D. S.I.D. 32 32 0 S.I.D. S.I.D. S.I.D.
Dissolved Zinc 94 50 µg/l 40 4 90 152 130 0.66 45 43 4 S.I.D. S.I.D. S.I.D. 38 30 21 44 25 1.42
Total Zinc 94 50 µg/l 40 0 100 241 192 0.71 45 33 27 46 25 1.67 38 13 66 79 66 0.75

SVOCs
Bis(2-ethylhexyl)phthalate 99 1 µg/l 0 0 S.I.D. S.I.D. S.I.D. S.I.D. 7 7 0 S.I.D. S.I.D. S.I.D. 5 5 0 S.I.D. S.I.D. S.I.D.
PAHs

Acenaphthene 99 0.05 µg/l 0 0 S.I.D. S.I.D. S.I.D. S.I.D. 7 7 0 S.I.D. S.I.D. S.I.D. 5 5 0 S.I.D. S.I.D. S.I.D.
Acenaphthylene 99 0.05 µg/l 0 0 S.I.D. S.I.D. S.I.D. S.I.D. 7 6 14 S.I.D. S.I.D. S.I.D. 5 5 0 S.I.D. S.I.D. S.I.D.
Antracene 99 0.05 µg/l 0 0 S.I.D. S.I.D. S.I.D. S.I.D. 7 7 0 S.I.D. S.I.D. S.I.D. 5 5 0 S.I.D. S.I.D. S.I.D.
Benzo(a)anthracene 99 0.1 µg/l 0 0 S.I.D. S.I.D. S.I.D. S.I.D. 7 7 0 S.I.D. S.I.D. S.I.D. 5 4 20 S.I.D. S.I.D. 1.24
Benzo(a)pyrene 99 0.1 µg/l 0 0 S.I.D. S.I.D. S.I.D. S.I.D. 7 7 0 S.I.D. S.I.D. S.I.D. 5 5 0 S.I.D. S.I.D. S.I.D.
Benzo(b)fluoranthene 99 0.1 µg/l 0 0 S.I.D. S.I.D. S.I.D. S.I.D. 7 7 0 S.I.D. S.I.D. S.I.D. 5 4 20 S.I.D. S.I.D. 1.29
Benzo(k)fluoranthene 99 0.1 µg/l 0 0 S.I.D. S.I.D. S.I.D. S.I.D. 7 7 0 S.I.D. S.I.D. S.I.D. 5 4 20 S.I.D. S.I.D. 1.18
Chrysene 99 0.1 µg/l 0 0 S.I.D. S.I.D. S.I.D. S.I.D. 7 7 0 S.I.D. S.I.D. S.I.D. 5 4 20 S.I.D. S.I.D. 1.18
Dibenz(a,h)anthracene 99 0.1 µg/l 0 0 S.I.D. S.I.D. S.I.D. S.I.D. 7 7 0 S.I.D. S.I.D. S.I.D. 5 5 0 S.I.D. S.I.D. S.I.D.
Fluoranthene 99 0.1 µg/l 0 0 S.I.D. S.I.D. S.I.D. S.I.D. 7 6 14 S.I.D. S.I.D. S.I.D. 5 3 40 0.53 0.050 1.67
Fluorene 99 0.1 µg/l 0 0 S.I.D. S.I.D. S.I.D. S.I.D. 7 7 0 S.I.D. S.I.D. S.I.D. 5 5 0 S.I.D. S.I.D. S.I.D.
Indeno (1,2,3-cd)pyrene 99 0.1 µg/l 0 0 S.I.D. S.I.D. S.I.D. S.I.D. 7 7 0 S.I.D. S.I.D. S.I.D. 5 5 0 S.I.D. S.I.D. S.I.D.
Naphthalene 99 0.05 µg/l 0 0 S.I.D. S.I.D. S.I.D. S.I.D. 7 6 14 S.I.D. S.I.D. S.I.D. 5 3 40 0.04 0.025 0.59
Phenanthrene 99 0.05 µg/l 0 0 S.I.D. S.I.D. S.I.D. S.I.D. 7 7 0 S.I.D. S.I.D. S.I.D. 5 3 40 0.13 0.025 1.66
Pyrene 99 0.05 µg/l 0 0 S.I.D. S.I.D. S.I.D. S.I.D. 7 6 14 S.I.D. S.I.D. S.I.D. 5 1 80 0.83 0.37 1.44

All other SVOCs 94 0.05-5.0 µg/l 23 23 0 S.I.D. S.I.D. S.I.D. 34 34 0 S.I.D. S.I.D. S.I.D. 26 26 0 S.I.D. S.I.D. S.I.D.
Pesticides

Organochlorine Pesticides & PCBs 94 0.05-1.0 µg/l 19 19 0 S.I.D. S.I.D. S.I.D. 38 38 0 S.I.D. S.I.D. S.I.D. 31 31 0 S.I.D. S.I.D. S.I.D.
Carbofuran 96 5 µg/l 28 28 0 S.I.D. S.I.D. S.I.D. 38 38 0 S.I.D. S.I.D. S.I.D. 32 32 0 S.I.D. S.I.D. S.I.D.
Glyphosate 98 25 µg/l 14 14 0 S.I.D. S.I.D. S.I.D. 18 18 0 S.I.D. S.I.D. S.I.D. 11 11 0 S.I.D. S.I.D. S.I.D.
Organo-Phosphate Pesticides

Diazinon 96 0.01 µg/l 24 21 13 S.I.D. S.I.D. S.I.D. 36 36 0 S.I.D. S.I.D. S.I.D. 30 28 7 S.I.D. S.I.D. S.I.D.
Chlorpyrifos 96 0.05 µg/l 24 24 0 S.I.D. S.I.D. S.I.D. 36 36 0 S.I.D. S.I.D. S.I.D. 30 30 0 S.I.D. S.I.D. S.I.D.

N- and P-Containing Pesticides
Thiobencarb 96 1 µg/l 24 24 0 S.I.D. S.I.D. S.I.D. 36 36 0 S.I.D. S.I.D. S.I.D. 30 30 0 S.I.D. S.I.D. S.I.D.
All other N- and P- Pesticieds 94 1.0-2.0 µg/l 28 28 0 S.I.D. S.I.D. S.I.D. 39 39 0 S.I.D. S.I.D. S.I.D. 32 32 0 S.I.D. S.I.D. S.I.D.

Phenoxyacetic Acid Herbicides
2,4-D 96 10 µg/l 17 17 0 S.I.D. S.I.D. S.I.D. 35 35 0 S.I.D. S.I.D. S.I.D. 27 27 0 S.I.D. S.I.D. S.I.D.
2,4,5-TP 96 1 µg/l 17 17 0 S.I.D. S.I.D. S.I.D. 35 35 0 S.I.D. S.I.D. S.I.D. 27 27 0 S.I.D. S.I.D. S.I.D.
Bentazon 96 2 µg/l 17 17 0 S.I.D. S.I.D. S.I.D. 35 35 0 S.I.D. S.I.D. S.I.D. 27 27 0 S.I.D. S.I.D. S.I.D.

CV = Coeffiecient of variation
DL = Detection Limit
S.I.D. = Statistically Invalid Data, not enough data above detection limit collected

a) Detection limtis have changed throughout the monitoring process.  Only data matching the current detection limit is displayed in this table.  The Data Included
Since  field indicates the first year of the storm season with the current detection limit.
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Table 4-12.  Summary of 1994-2000 Land Use Results by Site

Data 
Included 

Sincea
DL Units

Miscellaneous Constituents
Cyanide 96 0.01 mg/l
TPH 94 1 mg/l
Oil and Grease 94 1 mg/l
Total Phenols 94 0.1 mg/l

Indicator Bacteria
Total Coliform 94 20 MPN/100ml
Fecal Coliform 94 20 MPN/100ml
Ratio Fecal Coliform/Total Coliform 94
Fecal Streptococcus 94 20 MPN/100ml
Fecal Enterococcus 94 20 MPN/100ml

General Minerals
Ammonia 94 0.1 mg/l
Calcium 96 1.0 mg/l
Magnesium 96 1.0 mg/l
Potassium 94 1.0 mg/l
Sodium 96 1.0 mg/l
Bicarbonate 94 2.0 mg/l
Carbonate 94 2.0 mg/l
Chloride 94 2.0 mg/l
Fluoride 94 0.1 mg/l
Nitrate 94 0.1 mg/l
Sulfate 94 0.1 mg/l
Alkalinity 94 4.0 mg/l
Hardness 96 2.0 mg/l
COD 97 5 mg/l
pH 94 0-14
Specific Conductance 94 1.0 umhos/cm
Total Dissolved Solids 96 2.0 mg/l
Turbidity 94 0.1 NTU
Total Suspended Solids 96 2.0 mg/l
Volatile Suspended Solids 94 1.0 mg/l/hr
MBAS 97 0.05 mg/l
Total Organic Carbon 94 1.0 mg/l
BOD 94 2.0 mg/l

Nutrients
Dissolved Phosphorus 94 0.05 mg/l
Total Phosphorus 94 0.05 mg/l
NH3-N 94 0.1 mg/l
Nitrate-N 96 0.1 mg/l
Nitrite-N 94 0.1 mg/l
TKN 96 0.1 mg/l

Metals
Dissolved Aluminum 96 100 µg/l
Total Aluminum 96 100 µg/l
Dissolved Antimony 97 5 µg/l
Total Antimony 97 5 µg/l
Dissolved Arsenic 97 5 µg/l
Total Arsenic 97 5 µg/l
Dissolved Barium 97 10 µg/l
Total Barium 97 10 µg/l
Dissolved Beryllium 97 1 µg/l
Total Beryllium 97 1 µg/l
Dissolved Boron 97 100 µg/l
Total Boron 97 100 µg/l
Dissolved Cadmium 97 1 µg/l
Total Cadmium 97 1 µg/l
Dissolved Chromium 97 5 µg/l
Total Chromium 97 5 µg/l
Dissolved Chromium +6 94 10 µg/l
Total Chromium +6 94 10 µg/l
Dissolved Copper 97 5 µg/l

No. of 
Samples

No. of 
Non-

detects

Percent 
Detects

Mean Median CV
No. of 

Samples

No. of 
Non-

detects

Percent 
Detects

Mean Median CV
No. of 

Samples

No. of 
Non-

detects

Percent 
Detects

Mean Median CV

0 0 S.I.D. S.I.D. S.I.D. S.I.D. 0 0 S.I.D. S.I.D. S.I.D. S.I.D. 0 0 S.I.D. S.I.D. S.I.D. S.I.D.
4 0 100 3.1 2.8 0.47 5 1 80 1.7 1.4 0.68 0 0 S.I.D. S.I.D. S.I.D. S.I.D.
4 0 100 3.1 2.8 0.47 5 1 80 1.7 1.4 0.68 0 0 S.I.D. S.I.D. S.I.D. S.I.D.
4 4 0 S.I.D. S.I.D. S.I.D. 5 5 0 S.I.D. S.I.D. S.I.D. 0 0 S.I.D. S.I.D. S.I.D. S.I.D.

4 0 100 692,500        600,000   0.82 5 0 100 454,000     160,000   1.42 0 0 S.I.D. S.I.D. S.I.D. S.I.D.
4 0 100 328,750        205,000   1.22 5 0 100 338,220     30,000     2.09 0 0 S.I.D. S.I.D. S.I.D. S.I.D.
0 0 S.I.D. S.I.D. S.I.D. S.I.D. 0 0 S.I.D. S.I.D. S.I.D. S.I.D. 0 0 S.I.D. S.I.D. S.I.D. S.I.D.
4 0 100 176,000        195,000   0.68 5 0 100 253,000     160,000   1.46 0 0 S.I.D. S.I.D. S.I.D. S.I.D.
4 0 100 32,000          32,000     0.65 5 0 100 98,200       130,000   0.73 0 0 S.I.D. S.I.D. S.I.D. S.I.D.

62 16 74 0.29 0.16 1.52 47 7 85 0.59 0.32 1.35 40 12 70 0.33 0.18 1.62
61 0 100 8.4 7.7 0.46 40 0 100 12 8.8 1.01 39 0 100 16 10 0.71
61 4 93 1.6 1.5 0.48 40 0 100 2.3 1.9 1.13 39 8 79 3.2 2.4 0.96
63 2 97 2.1 1.7 0.56 50 1 98 2.7 2.2 0.59 41 0 100 3.4 2.7 0.49
62 0 100 8.3 6.4 0.81 47 0 100 14 12 0.69 41 0 100 26 8.0 2.21
63 0 100 20 18 0.57 47 0 100 26 20 0.92 40 0 100 39 28 0.76
63 63 0 S.I.D. S.I.D. S.I.D. 47 47 0 S.I.D. S.I.D. S.I.D. 40 40 0 S.I.D. S.I.D. S.I.D.
64 3 95 5.6 4.4 0.82 47 0 100 12 8.6 0.80 40 4 90 34 4.6 2.89
64 41 36 0.10 0.05 0.97 47 22 53 0.13 0.11 0.94 40 24 40 0.14 0.050 1.21
64 2 97 2.9 1.8 1.27 47 0 100 4.1 2.4 1.09 40 2 95 2.6 2.2 0.73
64 0 100 9.5 6.4 1.07 47 0 100 12.6 9.2 1.02 40 0 100 17.3 9.3 1.23
63 0 100 20 16 0.55 47 0 100 25 19 0.94 40 0 100 36 26 0.72
61 0 100 27 24 0.46 40 0 100 39 30 1.02 39 0 100 52 40 0.79
52 7 87 50 33 0.99 36 4 89 80 51 0.92 40 10 75 37 34 0.85
63 0 100 6.7 6.6 0.05 47 0 100 6.8 6.8 0.06 40 0 100 7.0 6.9 0.07
63 0 100 99 84 0.66 43 0 100 147 119 0.77 39 0 100 243 111 1.41
61 0 100 62 54 0.69 40 0 100 95 77 0.80 39 0 100 147 68 1.35
64 0 100 31 22 1.25 47 0 100 76 55 1.59 41 0 100 64 36 1.14
61 0 100 78 50 1.30 41 0 100 240 129 1.36 39 0 100 95 61 1.05
63 1 98 31 20 1.22 43 0 100 57 46 0.79 39 0 100 23 21 0.69
51 30 41 2.6 0.025 6.95 32 10 69 0.13 0.11 0.90 38 33 13 S.I.D. S.I.D. S.I.D.
63 0 100 8.7 6.8 0.71 47 0 100 11.9 9.8 0.77 42 0 100 7.5 6.5 0.50
54 0 100 21 19 0.80 37 0 100 20 17 0.67 34 0 100 13 12 0.68

59 3 95 0.34 0.28 0.79 46 4 91 0.27 0.20 1.01 37 1 97 0.27 0.20 0.86
59 1 98 0.44 0.32 0.84 45 2 96 0.41 0.30 0.92 37 0 100 0.31 0.23 0.65
62 19 69 0.24 0.14 1.51 48 9 81 0.48 0.26 1.36 40 12 70 0.28 0.15 1.58
61 15 75 0.70 0.40 1.68 43 2 95 0.87 0.52 1.32 39 12 69 0.51 0.48 0.86
64 10 84 0.09 0.06 0.72 47 9 81 0.09 0.06 0.73 39 13 67 0.09 0.05 1.41
61 0 100 1.9 1.3 0.93 45 0 100 3.0 2.3 0.72 39 0 100 1.6 1.3 0.73

62 29 53 159 107 1.18 47 23 51 460 117 1.96 42 11 74 397 248 1.21
63 10 84 672 354 1.65 47 7 85 1824 470 2.37 42 2 95 881 720 0.83
54 53 2 S.I.D. S.I.D. S.I.D. 37 37 0 S.I.D. S.I.D. S.I.D. 42 42 0 S.I.D. S.I.D. S.I.D.
54 53 2 S.I.D. S.I.D. S.I.D. 37 37 0 S.I.D. S.I.D. S.I.D. 42 42 0 S.I.D. S.I.D. S.I.D.
54 54 0 S.I.D. S.I.D. S.I.D. 37 37 0 S.I.D. S.I.D. S.I.D. 42 39 7 S.I.D. S.I.D. S.I.D.
54 52 4 S.I.D. S.I.D. S.I.D. 37 34 8 S.I.D. S.I.D. S.I.D. 42 39 7 S.I.D. S.I.D. S.I.D.
54 15 72 19 17 0.75 37 6 84 34 26 0.81 42 6 86 28 26 0.72
54 9 83 34 27 0.88 37 4 89 68 36 1.38 42 6 86 37 33 0.74
40 40 0 S.I.D. S.I.D. S.I.D. 34 34 0 S.I.D. S.I.D. S.I.D. 29 29 0 S.I.D. S.I.D. S.I.D.
54 54 0 S.I.D. S.I.D. S.I.D. 37 37 0 S.I.D. S.I.D. S.I.D. 42 42 0 S.I.D. S.I.D. S.I.D.
54 16 70 146 132 0.55 37 18 51 122 102 0.71 42 5 88 189 153 0.65
54 5 91 219 214 0.50 36 10 72 187 181 0.63 42 4 90 254 227 0.58
54 50 7 S.I.D. S.I.D. S.I.D. 37 34 8 S.I.D. S.I.D. S.I.D. 42 40 5 S.I.D. S.I.D. S.I.D.
54 32 41 1.1 0.50 1.04 37 30 19 S.I.D. S.I.D. S.I.D. 42 34 19 S.I.D. S.I.D. S.I.D.
54 51 6 S.I.D. S.I.D. S.I.D. 37 33 11 S.I.D. S.I.D. S.I.D. 42 41 2 S.I.D. S.I.D. S.I.D.
54 40 26 4.8 2.5 1.15 37 25 32 6.8 2.5 1.60 42 33 21 3.6 2.5 0.74
63 63 0 S.I.D. S.I.D. S.I.D. 47 47 0 S.I.D. S.I.D. S.I.D. 43 43 0 S.I.D. S.I.D. S.I.D.
63 63 0 S.I.D. S.I.D. S.I.D. 47 47 0 S.I.D. S.I.D. S.I.D. 43 43 0 S.I.D. S.I.D. S.I.D.
54 0 100 33 27 0.63 37 5 86 20 14 1.07 42 8 81 13 9.9 0.94

Transportation Light Industrial Educational
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Table 4-12.  Summary of 1994-2000 Land Use Results by Site

Data 
Included 

Sincea
DL Units

Total Copper 97 5 µg/l
Dissolved Iron 94 100 µg/l
Total Iron 94 100 µg/l
Dissolved Lead 97 5 µg/l
Total Lead 97 5 µg/l
Dissolved Manganese 98 100 µg/l
Total Manganese 98 100 µg/l
Dissolved Mercury 94 1 µg/l
Total Mercury 94 1 µg/l
Dissolved Nickel 97 5 µg/l
Nickel 97 5 µg/l
Dissolved Selenium 94 5 µg/l
Total Selenium 94 5 µg/l
Dissolved Silver 97 1 µg/l
Total Silver 97 1 µg/l
Dissolved Thallium 97 5 µg/l
Total Thallium 97 5 µg/l
Dissolved Zinc 94 50 µg/l
Total Zinc 94 50 µg/l

SVOCs
Bis(2-ethylhexyl)phthalate 99 1 µg/l
PAHs

Acenaphthene 99 0.05 µg/l
Acenaphthylene 99 0.05 µg/l
Antracene 99 0.05 µg/l
Benzo(a)anthracene 99 0.1 µg/l
Benzo(a)pyrene 99 0.1 µg/l
Benzo(b)fluoranthene 99 0.1 µg/l
Benzo(k)fluoranthene 99 0.1 µg/l
Chrysene 99 0.1 µg/l
Dibenz(a,h)anthracene 99 0.1 µg/l
Fluoranthene 99 0.1 µg/l
Fluorene 99 0.1 µg/l
Indeno (1,2,3-cd)pyrene 99 0.1 µg/l
Naphthalene 99 0.05 µg/l
Phenanthrene 99 0.05 µg/l
Pyrene 99 0.05 µg/l

All other SVOCs 94 0.05-5.0 µg/l
Pesticides

Organochlorine Pesticides & PCBs 94 0.05-1.0 µg/l
Carbofuran 96 5 µg/l
Glyphosate 98 25 µg/l
Organo-Phosphate Pesticides

Diazinon 96 0.01 µg/l
Chlorpyrifos 96 0.05 µg/l

N- and P-Containing Pesticides
Thiobencarb 96 1 µg/l
All other N- and P- Pesticieds 94 1.0-2.0 µg/l

Phenoxyacetic Acid Herbicides
2,4-D 96 10 µg/l
2,4,5-TP 96 1 µg/l
Bentazon 96 2 µg/l

No. of 
Samples

No. of 
Non-

detects

Percent 
Detects

Mean Median CV
No. of 

Samples

No. of 
Non-

detects

Percent 
Detects

Mean Median CV
No. of 

Samples

No. of 
Non-

detects

Percent 
Detects

Mean Median CV

Transportation Light Industrial Educational

54 0 100 56 39 1.15 37 0 100 32 21 1.03 42 0 100 24 15 1.49
65 34 48 200 50 1.90 51 25 51 698 104 2.99 42 15 64 454 190 2.30
65 2 97 1188 512 1.74 51 5 90 6504 600 4.26 42 4 90 2705 625 3.32
54 48 11 S.I.D. S.I.D. S.I.D. 37 32 14 S.I.D. S.I.D. S.I.D. 42 40 5 S.I.D. S.I.D. S.I.D.
54 29 46 10 2.5 1.57 37 18 51 17 5.1 1.88 42 30 29 4.9 2.5 1.09
27 25 7 S.I.D. S.I.D. S.I.D. 26 23 12 S.I.D. S.I.D. S.I.D. 17 17 0 S.I.D. S.I.D. S.I.D.
27 25 7 S.I.D. S.I.D. S.I.D. 26 23 12 S.I.D. S.I.D. S.I.D. 17 17 0 S.I.D. S.I.D. S.I.D.
63 63 0 S.I.D. S.I.D. S.I.D. 48 48 0 S.I.D. S.I.D. S.I.D. 40 40 0 S.I.D. S.I.D. S.I.D.
63 62 2 S.I.D. S.I.D. S.I.D. 48 45 6 S.I.D. S.I.D. S.I.D. 40 40 0 S.I.D. S.I.D. S.I.D.
54 41 24 3.9 2.5 0.93 37 23 38 5.0 2.5 0.90 42 38 10 S.I.D. S.I.D. S.I.D.
54 29 46 6.0 2.5 1.07 37 15 59 9.8 6.0 1.47 42 26 38 4.7 2.5 0.69
65 65 0 S.I.D. S.I.D. S.I.D. 51 51 0 S.I.D. S.I.D. S.I.D. 42 42 0 S.I.D. S.I.D. S.I.D.
65 61 6 S.I.D. S.I.D. S.I.D. 51 48 6 S.I.D. S.I.D. S.I.D. 42 42 0 S.I.D. S.I.D. S.I.D.
54 54 0 S.I.D. S.I.D. S.I.D. 37 37 0 S.I.D. S.I.D. S.I.D. 42 42 0 S.I.D. S.I.D. S.I.D.
54 54 0 S.I.D. S.I.D. S.I.D. 37 37 0 S.I.D. S.I.D. S.I.D. 42 42 0 S.I.D. S.I.D. S.I.D.
54 54 0 S.I.D. S.I.D. S.I.D. 37 37 0 S.I.D. S.I.D. S.I.D. 42 42 0 S.I.D. S.I.D. S.I.D.
54 54 0 S.I.D. S.I.D. S.I.D. 37 37 0 S.I.D. S.I.D. S.I.D. 42 42 0 S.I.D. S.I.D. S.I.D.
65 5 92 192 152 0.74 51 3 94 407 303 1.18 42 19 55 66 56 0.83
65 0 100 291 218 0.99 51 0 100 639 366 1.53 42 5 88 138 98 1.73

1 1 0 S.I.D. S.I.D. S.I.D. 1 1 0 S.I.D. S.I.D. S.I.D. 0 0 S.I.D. S.I.D. S.I.D. S.I.D.

1 1 0 S.I.D. S.I.D. S.I.D. 1 1 0 S.I.D. S.I.D. S.I.D. 0 0 S.I.D. S.I.D. S.I.D. S.I.D.
1 1 0 S.I.D. S.I.D. S.I.D. 1 1 0 S.I.D. S.I.D. S.I.D. 0 0 S.I.D. S.I.D. S.I.D. S.I.D.
1 1 0 S.I.D. S.I.D. S.I.D. 1 1 0 S.I.D. S.I.D. S.I.D. 0 0 S.I.D. S.I.D. S.I.D. S.I.D.
1 1 0 S.I.D. S.I.D. S.I.D. 1 1 0 S.I.D. S.I.D. S.I.D. 0 0 S.I.D. S.I.D. S.I.D. S.I.D.
1 1 0 S.I.D. S.I.D. S.I.D. 1 1 0 S.I.D. S.I.D. S.I.D. 0 0 S.I.D. S.I.D. S.I.D. S.I.D.
1 1 0 S.I.D. S.I.D. S.I.D. 1 1 0 S.I.D. S.I.D. S.I.D. 0 0 S.I.D. S.I.D. S.I.D. S.I.D.
1 1 0 S.I.D. S.I.D. S.I.D. 1 1 0 S.I.D. S.I.D. S.I.D. 0 0 S.I.D. S.I.D. S.I.D. S.I.D.
1 1 0 S.I.D. S.I.D. S.I.D. 1 1 0 S.I.D. S.I.D. S.I.D. 0 0 S.I.D. S.I.D. S.I.D. S.I.D.
1 1 0 S.I.D. S.I.D. S.I.D. 1 1 0 S.I.D. S.I.D. S.I.D. 0 0 S.I.D. S.I.D. S.I.D. S.I.D.
1 1 0 S.I.D. S.I.D. S.I.D. 1 1 0 S.I.D. S.I.D. S.I.D. 0 0 S.I.D. S.I.D. S.I.D. S.I.D.
1 1 0 S.I.D. S.I.D. S.I.D. 1 1 0 S.I.D. S.I.D. S.I.D. 0 0 S.I.D. S.I.D. S.I.D. S.I.D.
1 1 0 S.I.D. S.I.D. S.I.D. 1 1 0 S.I.D. S.I.D. S.I.D. 0 0 S.I.D. S.I.D. S.I.D. S.I.D.
1 1 0 S.I.D. S.I.D. S.I.D. 1 1 0 S.I.D. S.I.D. S.I.D. 0 0 S.I.D. S.I.D. S.I.D. S.I.D.
1 1 0 S.I.D. S.I.D. S.I.D. 1 1 0 S.I.D. S.I.D. S.I.D. 0 0 S.I.D. S.I.D. S.I.D. S.I.D.
1 1 0 S.I.D. S.I.D. S.I.D. 1 1 0 S.I.D. S.I.D. S.I.D. 0 0 S.I.D. S.I.D. S.I.D. S.I.D.
40 40 0 S.I.D. S.I.D. S.I.D. 24 24 0 S.I.D. S.I.D. S.I.D. 23 23 0 S.I.D. S.I.D. S.I.D.

37 37 0 S.I.D. S.I.D. S.I.D. 20 20 0 S.I.D. S.I.D. S.I.D. 22 22 0 S.I.D. S.I.D. S.I.D.
60 60 0 S.I.D. S.I.D. S.I.D. 45 45 0 S.I.D. S.I.D. S.I.D. 43 43 0 S.I.D. S.I.D. S.I.D.
27 25 7 S.I.D. S.I.D. S.I.D. 26 26 0 S.I.D. S.I.D. S.I.D. 17 15 12 S.I.D. S.I.D. S.I.D.

57 56 2 S.I.D. S.I.D. S.I.D. 40 40 0 S.I.D. S.I.D. S.I.D. 39 39 0 S.I.D. S.I.D. S.I.D.
57 57 0 S.I.D. S.I.D. S.I.D. 40 40 0 S.I.D. S.I.D. S.I.D. 39 39 0 S.I.D. S.I.D. S.I.D.

57 57 0 S.I.D. S.I.D. S.I.D. 40 40 0 S.I.D. S.I.D. S.I.D. 39 39 0 S.I.D. S.I.D. S.I.D.
58 58 0 S.I.D. S.I.D. S.I.D. 43 43 0 S.I.D. S.I.D. S.I.D. 39 39 0 S.I.D. S.I.D. S.I.D.

37 37 0 S.I.D. S.I.D. S.I.D. 22 22 0 S.I.D. S.I.D. S.I.D. 24 24 0 S.I.D. S.I.D. S.I.D.
37 37 0 S.I.D. S.I.D. S.I.D. 22 22 0 S.I.D. S.I.D. S.I.D. 24 24 0 S.I.D. S.I.D. S.I.D.
37 37 0 S.I.D. S.I.D. S.I.D. 22 22 0 S.I.D. S.I.D. S.I.D. 24 24 0 S.I.D. S.I.D. S.I.D.

CV = Coeffiecient of variation
DL = Detection Limit
S.I.D. = Statistically Invalid Data, not enough data above detection limit collected

a) Detection limtis have changed through out the monitoring process.  Only data matching the current detection limit is displayed in this table.  The Data Included
Since field indicates the first year of the strom season with the current detection limit.
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Table 4-12.  Summary of 1994-2000 Land Use Results by Site

Data 
Included 

Sincea
DL Units

Miscellaneous Constituents
Cyanide 96 0.01 mg/l
TPH 94 1 mg/l
Oil and Grease 94 1 mg/l
Total Phenols 94 0.1 mg/l

Indicator Bacteria
Total Coliform 94 20 MPN/100ml
Fecal Coliform 94 20 MPN/100ml
Ratio Fecal Coliform/Total Coliform 94
Fecal Streptococcus 94 20 MPN/100ml
Fecal Enterococcus 94 20 MPN/100ml

General Minerals
Ammonia 94 0.1 mg/l
Calcium 96 1.0 mg/l
Magnesium 96 1.0 mg/l
Potassium 94 1.0 mg/l
Sodium 96 1.0 mg/l
Bicarbonate 94 2.0 mg/l
Carbonate 94 2.0 mg/l
Chloride 94 2.0 mg/l
Fluoride 94 0.1 mg/l
Nitrate 94 0.1 mg/l
Sulfate 94 0.1 mg/l
Alkalinity 94 4.0 mg/l
Hardness 96 2.0 mg/l
COD 97 5 mg/l
pH 94 0-14
Specific Conductance 94 1.0 umhos/cm
Total Dissolved Solids 96 2.0 mg/l
Turbidity 94 0.1 NTU
Total Suspended Solids 96 2.0 mg/l
Volatile Suspended Solids 94 1.0 mg/l/hr
MBAS 97 0.05 mg/l
Total Organic Carbon 94 1.0 mg/l
BOD 94 2.0 mg/l

Nutrients
Dissolved Phosphorus 94 0.05 mg/l
Total Phosphorus 94 0.05 mg/l
NH3-N 94 0.1 mg/l
Nitrate-N 96 0.1 mg/l
Nitrite-N 94 0.1 mg/l
TKN 96 0.1 mg/l

Metals
Dissolved Aluminum 96 100 µg/l
Total Aluminum 96 100 µg/l
Dissolved Antimony 97 5 µg/l
Total Antimony 97 5 µg/l
Dissolved Arsenic 97 5 µg/l
Total Arsenic 97 5 µg/l
Dissolved Barium 97 10 µg/l
Total Barium 97 10 µg/l
Dissolved Beryllium 97 1 µg/l
Total Beryllium 97 1 µg/l
Dissolved Boron 97 100 µg/l
Total Boron 97 100 µg/l
Dissolved Cadmium 97 1 µg/l
Total Cadmium 97 1 µg/l
Dissolved Chromium 97 5 µg/l
Total Chromium 97 5 µg/l
Dissolved Chromium +6 94 10 µg/l
Total Chromium +6 94 10 µg/l
Dissolved Copper 97 5 µg/l

No. of 
Samples

No. of 
Non-

detects

Percent 
Detects

Mean Median CV
No. of 

Samples

No. of 
Non-

detects

Percent 
Detects

Mean Median CV

0 0 S.I.D. S.I.D. S.I.D. S.I.D. 1 0 100 S.I.D. S.I.D. S.I.D.
0 0 S.I.D. S.I.D. S.I.D. S.I.D. 1 0 100 S.I.D. S.I.D. S.I.D.
0 0 S.I.D. S.I.D. S.I.D. S.I.D. 1 1 0 S.I.D. S.I.D. S.I.D.
0 0 S.I.D. S.I.D. S.I.D. S.I.D. 1 1 0 S.I.D. S.I.D. S.I.D.

0 0 S.I.D. S.I.D. S.I.D. S.I.D. 1 0 100 S.I.D. S.I.D. S.I.D.
0 0 S.I.D. S.I.D. S.I.D. S.I.D. 1 0 100 S.I.D. S.I.D. S.I.D.
0 0 S.I.D. S.I.D. S.I.D. S.I.D. 0 0 S.I.D. S.I.D. S.I.D. S.I.D.
0 0 S.I.D. S.I.D. S.I.D. S.I.D. 1 0 100 S.I.D. S.I.D. S.I.D.
0 0 S.I.D. S.I.D. S.I.D. S.I.D. 0 0 S.I.D. S.I.D. S.I.D. S.I.D.

38 9 76 0.47 0.29 1.44 42 4 90 0.67 0.39 1.13
35 0 100 19.3 8.0 1.20 39 1 97 7.5 6.4 0.70
35 9 74 3.3 1.9 1.24 39 7 82 1.7 1.5 0.82
44 4 91 2.3 2.1 0.65 45 6 87 2.2 2.1 0.89
44 1 98 10 5.4 1.20 45 2 96 6.5 4.8 1.31
39 0 100 39 17 1.19 40 0 100 17 14 0.82
39 39 0 S.I.D. S.I.D. S.I.D. 40 40 0 S.I.D. S.I.D. S.I.D.
37 8 78 13 3.0 1.49 38 10 74 3.5 2.7 0.93
37 20 46 0.16 0.05 1.07 38 25 34 0.11 0.05 0.98
37 1 97 5.3 3.6 0.87 38 3 92 6.8 2.3 3.74
37 0 100 15 4.1 1.52 38 0 100 7.4 5.0 0.94
39 0 100 37 17 1.18 40 0 100 16 14 0.73
35 0 100 55 26 1.11 39 1 97 25 20 0.75
43 6 86 60 26 2.02 45 8 82 64 34 1.27
39 0 100 6.9 6.6 0.10 40 0 100 6.5 6.4 0.05
33 0 100 169 61 1.18 40 1 98 85 58 0.85
33 0 100 105 42 1.19 40 1 98 53 37 0.88
39 0 100 23 10 1.55 40 0 100 21 15 1.06
36 1 97 46 24 1.41 38 0 100 63 40 1.19
36 2 94 19 13 1.01 37 2 95 35 25 1.33
36 26 28 0.049 0.025 1.13 39 25 36 0.068 0.025 1.86
37 0 100 6.9 6.0 0.85 43 0 100 8.8 6.8 0.74
31 2 94 11 9 0.91 34 0 100 18 14 0.90

30 1 97 0.16 0.10 1.04 39 2 95 0.20 0.14 0.87
30 1 97 0.19 0.14 1.00 39 1 97 0.26 0.18 0.99
38 9 76 0.39 0.24 1.43 42 5 88 0.56 0.33 1.13
37 12 68 1.10 0.80 1.01 38 13 66 0.55 0.44 0.91
37 10 73 0.10 0.05 1.65 38 7 82 0.12 0.06 1.47
41 0 100 2.0 1.5 1.11 43 1 98 2.5 1.7 0.95

45 33 27 115 50 1.58 44 33 25 182 50 2.72
45 5 89 387 300 0.91 45 6 87 513 271 1.89
45 45 0 S.I.D. S.I.D. S.I.D. 45 45 0 S.I.D. S.I.D. S.I.D.
45 45 0 S.I.D. S.I.D. S.I.D. 45 44 2 S.I.D. S.I.D. S.I.D.
45 44 2 S.I.D. S.I.D. S.I.D. 45 45 0 S.I.D. S.I.D. S.I.D.
45 44 2 S.I.D. S.I.D. S.I.D. 45 45 0 S.I.D. S.I.D. S.I.D.
45 18 60 20 14 0.92 45 19 58 18 14 1.11
45 13 71 25 20 0.81 45 12 73 29 22 1.45
31 31 0 S.I.D. S.I.D. S.I.D. 31 31 0 S.I.D. S.I.D. S.I.D.
45 45 0 S.I.D. S.I.D. S.I.D. 45 45 0 S.I.D. S.I.D. S.I.D.
42 12 71 148 128 0.65 44 21 52 114 111 0.66
43 7 84 202 168 0.58 44 11 75 164 161 0.58
45 44 2 S.I.D. S.I.D. S.I.D. 45 43 4 S.I.D. S.I.D. S.I.D.
45 44 2 S.I.D. S.I.D. S.I.D. 45 43 4 S.I.D. S.I.D. S.I.D.
45 43 4 S.I.D. S.I.D. S.I.D. 45 44 2 S.I.D. S.I.D. S.I.D.
45 39 13 S.I.D. S.I.D. S.I.D. 45 42 7 S.I.D. S.I.D. S.I.D.
45 45 0 S.I.D. S.I.D. S.I.D. 45 45 0 S.I.D. S.I.D. S.I.D.
45 45 0 S.I.D. S.I.D. S.I.D. 45 45 0 S.I.D. S.I.D. S.I.D.
45 20 56 6.9 5.0 0.91 45 17 62 12 8.0 1.42

Multifamily Residential Mixed Residential
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Table 4-12.  Summary of 1994-2000 Land Use Results by Site

Data 
Included 

Sincea
DL Units

Total Copper 97 5 µg/l
Dissolved Iron 94 100 µg/l
Total Iron 94 100 µg/l
Dissolved Lead 97 5 µg/l
Total Lead 97 5 µg/l
Dissolved Manganese 98 100 µg/l
Total Manganese 98 100 µg/l
Dissolved Mercury 94 1 µg/l
Total Mercury 94 1 µg/l
Dissolved Nickel 97 5 µg/l
Nickel 97 5 µg/l
Dissolved Selenium 94 5 µg/l
Total Selenium 94 5 µg/l
Dissolved Silver 97 1 µg/l
Total Silver 97 1 µg/l
Dissolved Thallium 97 5 µg/l
Total Thallium 97 5 µg/l
Dissolved Zinc 94 50 µg/l
Total Zinc 94 50 µg/l

SVOCs
Bis(2-ethylhexyl)phthalate 99 1 µg/l
PAHs

Acenaphthene 99 0.05 µg/l
Acenaphthylene 99 0.05 µg/l
Antracene 99 0.05 µg/l
Benzo(a)anthracene 99 0.1 µg/l
Benzo(a)pyrene 99 0.1 µg/l
Benzo(b)fluoranthene 99 0.1 µg/l
Benzo(k)fluoranthene 99 0.1 µg/l
Chrysene 99 0.1 µg/l
Dibenz(a,h)anthracene 99 0.1 µg/l
Fluoranthene 99 0.1 µg/l
Fluorene 99 0.1 µg/l
Indeno (1,2,3-cd)pyrene 99 0.1 µg/l
Naphthalene 99 0.05 µg/l
Phenanthrene 99 0.05 µg/l
Pyrene 99 0.05 µg/l

All other SVOCs 94 0.05-5.0 µg/l
Pesticides

Organochlorine Pesticides & PCBs 94 0.05-1.0 µg/l
Carbofuran 96 5 µg/l
Glyphosate 98 25 µg/l
Organo-Phosphate Pesticides

Diazinon 96 0.01 µg/l
Chlorpyrifos 96 0.05 µg/l

N- and P-Containing Pesticides
Thiobencarb 96 1 µg/l
All other N- and P- Pesticieds 94 1.0-2.0 µg/l

Phenoxyacetic Acid Herbicides
2,4-D 96 10 µg/l
2,4,5-TP 96 1 µg/l
Bentazon 96 2 µg/l

No. of 
Samples

No. of 
Non-

detects

Percent 
Detects

Mean Median CV
No. of 

Samples

No. of 
Non-

detects

Percent 
Detects

Mean Median CV

Multifamily Residential Mixed Residential

45 4 91 12 12 0.54 45 1 98 19 13 1.29
45 33 27 194 50 2.40 45 33 27 353 50 3.45
45 9 80 791 350 2.14 45 10 78 1475 400 2.67
45 41 9 S.I.D. S.I.D. S.I.D. 45 40 11 S.I.D. S.I.D. S.I.D.
45 31 31 5.8 2.5 1.48 45 23 49 11 2.5 2.60
21 21 0 S.I.D. S.I.D. S.I.D. 20 18 10 S.I.D. S.I.D. S.I.D.
21 20 5 S.I.D. S.I.D. S.I.D. 20 18 10 S.I.D. S.I.D. S.I.D.
40 40 0 S.I.D. S.I.D. S.I.D. 44 44 0 S.I.D. S.I.D. S.I.D.
40 40 0 S.I.D. S.I.D. S.I.D. 44 44 0 S.I.D. S.I.D. S.I.D.
45 44 2 S.I.D. S.I.D. S.I.D. 45 42 7 S.I.D. S.I.D. S.I.D.
45 39 13 S.I.D. S.I.D. S.I.D. 45 42 7 S.I.D. S.I.D. S.I.D.
45 45 0 S.I.D. S.I.D. S.I.D. 45 45 0 S.I.D. S.I.D. S.I.D.
45 45 0 S.I.D. S.I.D. S.I.D. 45 44 2 S.I.D. S.I.D. S.I.D.
45 45 0 S.I.D. S.I.D. S.I.D. 45 45 0 S.I.D. S.I.D. S.I.D.
45 45 0 S.I.D. S.I.D. S.I.D. 45 45 0 S.I.D. S.I.D. S.I.D.
45 45 0 S.I.D. S.I.D. S.I.D. 45 45 0 S.I.D. S.I.D. S.I.D.
45 45 0 S.I.D. S.I.D. S.I.D. 45 45 0 S.I.D. S.I.D. S.I.D.
45 21 53 83 53 1.53 45 9 80 133 89 1.33
45 5 89 146 89 1.37 45 1 98 203 125 1.35

6 6 0 S.I.D. S.I.D. S.I.D. 7 7 0 S.I.D. S.I.D. S.I.D.

6 6 0 S.I.D. S.I.D. S.I.D. 7 6 14 S.I.D. S.I.D. S.I.D.
6 6 0 S.I.D. S.I.D. S.I.D. 7 7 0 S.I.D. S.I.D. S.I.D.
6 6 0 S.I.D. S.I.D. S.I.D. 7 7 0 S.I.D. S.I.D. S.I.D.
6 6 0 S.I.D. S.I.D. S.I.D. 7 4 43 0.38 0.05 1.70
6 6 0 S.I.D. S.I.D. S.I.D. 7 7 0 S.I.D. S.I.D. S.I.D.
6 6 0 S.I.D. S.I.D. S.I.D. 7 6 14 S.I.D. S.I.D. S.I.D.
6 6 0 S.I.D. S.I.D. S.I.D. 7 6 14 S.I.D. S.I.D. S.I.D.
6 6 0 S.I.D. S.I.D. S.I.D. 7 2 71 0.62 0.30 1.32
6 6 0 S.I.D. S.I.D. S.I.D. 7 7 0 S.I.D. S.I.D. S.I.D.
6 4 33 0.17 0.050 1.54 7 2 71 0.29 0.27 1.00
6 6 0 S.I.D. S.I.D. S.I.D. 7 7 0 S.I.D. S.I.D. S.I.D.
6 6 0 S.I.D. S.I.D. S.I.D. 7 7 0 S.I.D. S.I.D. S.I.D.
6 6 0 S.I.D. S.I.D. S.I.D. 7 7 0 S.I.D. S.I.D. S.I.D.
6 4 33 0.21 0.025 2.08 7 2 71 0.50 0.24 1.43
6 4 33 0.20 0.025 1.95 7 2 71 0.35 0.30 1.03
30 30 0 S.I.D. S.I.D. S.I.D. 33 33 0 S.I.D. S.I.D. S.I.D.

36 36 0 S.I.D. S.I.D. S.I.D. 39 39 0 S.I.D. S.I.D. S.I.D.
43 43 0 S.I.D. S.I.D. S.I.D. 44 44 0 S.I.D. S.I.D. S.I.D.
21 20 5 S.I.D. S.I.D. S.I.D. 20 20 0 S.I.D. S.I.D. S.I.D.

37 37 0 S.I.D. S.I.D. S.I.D. 39 33 15 S.I.D. S.I.D. S.I.D.
37 37 0 S.I.D. S.I.D. S.I.D. 39 39 0 S.I.D. S.I.D. S.I.D.

37 37 0 S.I.D. S.I.D. S.I.D. 39 39 0 S.I.D. S.I.D. S.I.D.
37 37 0 S.I.D. S.I.D. S.I.D. 39 39 0 S.I.D. S.I.D. S.I.D.

33 33 0 S.I.D. S.I.D. S.I.D. 39 39 0 S.I.D. S.I.D. S.I.D.
33 33 0 S.I.D. S.I.D. S.I.D. 39 39 0 S.I.D. S.I.D. S.I.D.
33 33 0 S.I.D. S.I.D. S.I.D. 39 39 0 S.I.D. S.I.D. S.I.D.

CV = Coeffiecient of variation
DL = Detection Limit
S.I.D. = Statistically Invalid Data, not enough data above detection limit collected

a) Detection limtis have changed through out the monitoring process.  Only data matching the current detection limit is displayed in this table.  The Data Included
Since field indicates the first year of the strom season with the current detection limit.
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Disclaimer 
The BMP Database (“Database”) was developed as an account of work sponsored by the Water 
Environment Research Foundation (WERF), the American Society of Civil Engineers 
(ASCE)/Environmental and Water Resources Institute (EWRI), the American Public Works 
Association (APWA), the Federal Highway Administration (FHWA), and U.S. Environmental 
Protection Agency (USEPA) (collectively, the “Sponsors”). The Database is intended to provide 
a consistent and scientifically defensible set of data on Best Management Practice (“BMP”) 
designs and related performance. Although the individuals who completed the work on behalf of 
the Sponsors (“Project Team”) made an extensive effort to assess the quality of the data 
entered for consistency and accuracy, the Database information and/or any analysis results are 
provided on an “AS-IS” basis and use of the Database, the data information, or any apparatus, 
method, or process disclosed in the Database is at the user’s sole risk. The Sponsors and the 
Project Team disclaim all warranties and/or conditions of any kind, express or implied, including, 
but not limited to any warranties or conditions of title, non-infringement of a third party’s 
intellectual property, merchantability, satisfactory quality, or fitness for a particular purpose. The 
Project Team does not warrant that the functions contained in the Database will meet the user’s 
requirements or that the operation of the Database will be uninterrupted or error free, or that any 
defects in the Database will be corrected.  
UNDER NO CIRCUMSTANCES, INCLUDING CLAIMS OF NEGLIGENCE, SHALL THE 
SPONSORS OR THE PROJECT TEAM MEMBERS BE LIABLE FOR ANY DIRECT, 
INDIRECT, INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES INCLUDING LOST 
REVENUE, PROFIT OR DATA, WHETHER IN AN ACTION IN CONTRACT OR TORT 
ARISING OUT OF OR RELATING TO THE USE OF OR INABILITY TO USE THE DATABASE, 
EVEN IF THE SPONSORS OR THE PROJECT TEAM HAVE BEEN ADVISED OF THE 
POSSIBILITY OF SUCH DAMAGES.  
The Project Team’s tasks have not included, and will not include in the future, recommendations 
of one BMP type over another. However, the Project Team's tasks have included reporting on 
the performance characteristics of BMPs based upon the entered data and information in the 
Database, including peer reviewed performance assessment techniques. Use of this information 
by the public or private sector is beyond the Project Team’s influence or control. The intended 
purpose of the Database is to provide a data exchange tool that permits characterization of 
BMPs solely upon their measured performance using consistent protocols for measurements 
and reporting information.  
The Project Team does not endorse any BMP over another and any assessments of 
performance by others should not be interpreted or reported as the recommendations of the 
Project Team or the Sponsors. 



International Stormwater BMP Database 
 

 
Pollutant Category Summary Addendum  Page iii 
July 2012 

Acknowledgements 

Report Preparation1 
Primary Authors: 

Marc Leisenring, P.E., Geosyntec Consultants, Inc. 
Jane Clary, Wright Water Engineers, Inc. 
Paul Hobson, Geosyntec Consultants, Inc. 

 
Reviewers: 

Eric Strecker, P.E., Geosyntec Consultants, Inc. 
Jonathan Jones, P.E., D.WRE, Wright Water Engineers, Inc.  
Marcus Quigley, P.E., D.WRE, Geosyntec Consultants, Inc. 

Project Information 
WERF Project Director:  
Jeff Moeller, P.E., Water Environment Research Foundation  
 
Principal Investigators: 
Eric Strecker, P.E., Geosyntec Consultants, Inc.  
Jonathan Jones, P.E., D.WRE, Wright Water Engineers, Inc.  
  
Project Steering Committee:  
Susan Jones, P.E., Federal Highway Administration  
Christopher Kloss, P.E., Office of Water/Office of Science & Technology, U.S. Environmental 

Protection Agency 
Brian Parsons, P.E., Environmental and Water Resources Institute of American Society of Civil 

Engineers 
Marcel Tchaou, Ph.D., P.E., P.H., MBA, Federal Highway Administration Office of Project 

Development and Environmental Review 
Courtney Thompson, American Public Works Association 

 
Project Subcommittee: 
Michael E. Barrett, Ph.D., P.E., D.WRE, Center for Research in Water Resources, University of 

Texas  
Bob Carr, P.E., O’Brien and Gere 
David R. Graves, CPESC, Environmental Science Bureau, New York State Dept. of 

Transportation 
Gregory E. Granato, U.S. Geological Survey 
Jesse Pritts, P.E., Engineering and Analysis Division Office of Water/Office of Science & 

Technology, U.S. Environmental Protection Agency 

                                                 
1 Contact Jane Clary (clary@wrightwater.com) or Marc Leisenring (mleisenring@geosyntec.com) with questions regarding this 
summary. 



International Stormwater BMP Database 
 

 
Pollutant Category Summary Addendum  Page iv 
July 2012 

Table of Contents 
1 INTRODUCTION .......................................................................................................... 1 

2 CATEGORY-LEVEL BMP ANALYSIS................................................................................ 2 

2.1 TOTAL SUPENDED SOLIDS ............................................................................................... 5 
2.2 BACTERIA ........................................................................................................................ 6 

2.2.1 Enterococcus ............................................................................................................... 6 
2.2.2 Escherichia coli ............................................................................................................ 7 
2.2.3 Fecal Coliform ............................................................................................................. 8 

2.3 METALS ........................................................................................................................... 9 
2.3.1 Arsenic ......................................................................................................................... 9 
2.3.2 Cadmium ................................................................................................................... 11 
2.3.3 Chromium .................................................................................................................. 13 
2.3.4 Copper ....................................................................................................................... 15 
2.3.5 Iron ............................................................................................................................ 17 
2.3.6 Lead ........................................................................................................................... 19 
2.3.7 Nickel ......................................................................................................................... 21 
2.3.8 Zinc ............................................................................................................................ 24 

2.4 NUTRIENTS .................................................................................................................... 25 
2.4.1 Phosphorus ................................................................................................................ 25 
2.4.2 Nitrogen .................................................................................................................... 28 

3 REFERENCES ............................................................................................................. 31 

4 ATTACHMENTS ......................................................................................................... 31 



 

 
Pollutant Category Summary Addendum  Page 1 
March 2012 

 
 

1 INTRODUCTION 
In 2010, the Water Environment Research Foundation (WERF), Federal Highway 
Administration (FHWA), and the American Society of Civil Engineers’ Environmental and 
Water Resources Institute (EWRI) co-sponsored a comprehensive stormwater best management 
practice (BMP) performance analysis technical paper series relying on data contained in the 
International Stormwater BMP Database (BMPDB) .2  This series, published in 2011, included 
papers for solids, bacteria, nutrients, and metals, with each paper summarizing the regulatory 
context of the constituent category, primary sources, fate and transport processes, removal 
mechanisms, and statistical summaries of BMP performance for data contained in the BMPDB.  
This report is an update of the statistical summaries provided in that series to include the data 
from over 50 new studies added to the database in late 2011 after the publication of the series.  
This report is not intended to replace the discussion of the previous technical papers because 
only the statistical summaries are included here.  Constituents summarized in this report are 
listed in Table 1.  
 

Table 1. Constituents Summarized by Pollutant Category 
Pollutant Category Summarized Constituent 
Solids Total suspended solids (TSS) 
Bacteria Fecal coliform 

Escherichia coli (E. coli) 
Enterococcus 

Metals Arsenic (total and dissolved) 
Cadmium (total and dissolved) 
Chromium (total and dissolved) 
Copper (total and dissolved) 
Iron (total and dissolved) 
Lead (total and dissolved) 
Nickel (total and dissolved) 
Zinc (total and dissolved) 

Nutrients Total phosphorus 
Orthophosphate  
Dissolved phosphorus 
Total nitrogen 
Total Kjeldahl nitrogen (TKN) 
Nitrate plus nitrite (NOx) 

 
 
                                                 
2 The BMP Database is a long-term project that began in 1994 through the vision of members active in the Urban 
Water Resources Research Council of ASCE and the leadership of EPA.  Funded for many years by EPA, the 
project is now supported by a coalition of partners including WERF, FHWA, EWRI and the American Public Works 
Association (APWA). The technical reports can be downloaded from www.bmpdatabase.org/BMPPerformance.htm.  
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2 CATEGORY-LEVEL BMP ANALYSIS  
An overview of BMP performance for the analyzed constituents is provided in the subsections 
2.1 to 2.4 below.  The analyses were based upon the distributions of effluent water quality for 
individual events by BMP category, thereby providing greater weight to those BMPs for which 
there are a larger number of data points reported.  In other words, the performance analysis 
presented in this technical summary is “storm-weighted,” as opposed to “BMP weighted.”3  This 
update does not include BMP weighted analyses (i.e., analyses of individual study site central 
tendencies). 
 
The BMP categories included in this analysis are grass 
strips, bioretention, bioswales, composite/treatment train 
BMPs, detention basins (surface/grass-lined), green roofs, 
manufactured devices, media filters, porous pavement, 
retention ponds (surface pond with a permanent pool), 
wetland basins (basins with open water surface), and 
wetland channels (swales and channels with wetland 
vegetation).  Note that for bacteria, manufactured devices 
are broken down into three subcategories:  disinfection 
devices (Manufactured Device – D), inlet insert/filtration 
(Manufactured Device – F), and physical settling/straining 
devices (Manufactured Device – P).4  The effectiveness 
and range of unit treatment processes present in a 
particular BMP may vary depending on the BMP design.  
Several other BMP categories and sub-classes are included 
in the database, but these have been excluded from this 
analysis due to limited data sets available for meaningful 
categorical comparisons.  To be included in this category-
level summary, at least three BMPs must be included in 
the BMP category, with each BMP having effluent data 
for at least three storms.  A variety of additional screening criteria are applied for purposes of 
category-level analysis to make sure that the data sets and BMP designs are reasonably 
representative, as documented in the “Monitoring Station” table of the BMP Database, which can 
be downloaded from www.bmpdatabase.org.  Poor performance of a BMP is not a reason for 
data exclusion. 
 
In the subsections below, side-by-side box plots for the various BMPs measurements have been 
generated using the influent and effluent concentrations from the studies.  For each BMP 
                                                 
3 There are several viable approaches to evaluating data in the BMP Database.  Two general approaches that have 
been presented in the past (Geosyntec Consultants and Wright Water Engineers, 2008) are the “BMP-weighted” and 
“storm-weighted” approaches.  The BMP-weighted approach represents each BMP with one value representing the 
central tendency and variability of each individual BMP study, whereas the storm-weighted approach combines all 
of the storm events for the BMPs in each category and analyzes the overall storm-based data set.  The storm-
weighted approach has been selected for this memorandum as it provides a much larger data set for analysis.  
4 A separate technical summary for manufactured devices (Geosyntec and Wright Water Engineers, 2012) was also 
released in July 2012 providing a more detailed analysis of manufactured device subcategories based on unit 
treatment processes.  See www.bmpdatabase.org to download this analysis. 

Figure 1.  Box Plot Key 
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category, the influent box plots are provided on the left and the effluent box plots are provided 
on the right.  A key to the box plots is provided in Figure 4.   
 
In addition to the box plots, tables of influent/effluent medians, 25th and 75th percentiles, and 
number of studies and data points are provided, along with 95% confidence intervals about the 
medians.  The median and interquartile ranges were selected as descriptive statistics for BMP 
performance because they are non-parametric (do not require distributional assumptions for the 
underlying data set) and are less affected by extreme values than means and standard deviations.  
Additionally, the median is less affected by assumptions regarding values below detection limits 
and varying detection limits for studies conducted by independent parties over many years.  
However, confidence intervals about the median can still be affected by outliers if simple 
substitution is used.  Therefore, a robust regression-on-order statistics (ROS) method as 
described by Helsel and Cohn (1988) was utilized to provide probabilistic estimates of non-
detects before computing descriptive statistics.  Despite use of this robust method, conclusions 
regarding BMP performance should carefully consider the influence of large percentages of non-
detects.  The number of influent and effluent non-detects should be reviewed before making 
conclusions, particularly for dissolved metals where non-detects are most prevalent.  For more 
information on the influence of non-detects on dissolved metals data in the BMP Database, see 
the discussion in the Metals Technical Summary (Wright Water Engineers and Geosyntec, 
2011), accessible at www.bmpdatabase.org). 
 
Confidence intervals in the figures and tables were generated using the bias corrected and 
accelerated (BCa) bootstrap method described by Efron and Tibishirani (1993).  This method is a 
robust approach for computing confidence intervals that is resistant to outliers and does not 
require any restrictive distributional assumptions.  Due to random sampling that is conducted as 
part of this method, insignificant variations in the results may occur and is the cause of any 
inconsistencies between the values in the attachments and the tables presented below.  
Comparison of the confidence intervals about the influent and effluent medians can be used to 
roughly identify statistically significant differences between the central tendencies of the data.  
However, non-parametric hypothesis tests, such as the Mann-Whitney rank sum test or the 
Wilcoxon signed-rank test, can provide additional and more robust results for evaluating 
significant differences between medians.  The Mann-Whitney test applies to independent data 
sets, whereas the Wilcoxon test applies to paired data sets (Helsel and Hirsch, 1992).  Results of 
these tests are provided in the attached statistical summary reports for TSS, bacteria, metals, and 
nutrients.  In some cases, the Mann-Whitney and Wilcoxon hypothesis test results produce 
conflicting conclusions regarding statistically significant differences.  Such cases are more likely 
to occur where there are imbalances in the number of influent and effluent samples for a 
particular data set since the Mann-Whitney test operates on the entire data set, whereas the 
Wilcoxon test only operates on data pairs.   
 
In the summary tables which follow, effluent values in bold green indicate the upper 95% 
confidence interval of the effluent median is less than the lower 95% confidence interval of the 
influent median.  Effluent values in red bold italics indicate the lower 95% confidence interval of 
the effluent median is greater than the upper 95% confidence interval of the influent median.  
BMP categories with summary statistics in grey indicate that there are less than three studies 
with either influent or effluent data available – these statistics should be used with caution due to 
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the limited data available.  In some cases, the retention ponds and wetland basin categories have 
been combined into a single category to provide more than three studies.  Values with no color 
italic emphasis indicate the influent and effluent intervals overlap.   
 
Be aware that for some BMP types, a statistically significant difference between influent and 
effluent concentrations may not be present, but the effluent concentrations achieved by the BMP 
are relatively low and may be comparable to the performance of other BMPs that have 
statistically significant differences between inflow and outflow.  For example, data sets that have 
low influent concentrations and similarly low effluent concentration (i.e., clean water in = clean 
water out) may not show statistically significant differences.  However this does not necessarily 
imply that the BMP would not have been effective at higher influent concentrations. 
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2.1 Total Supended Solids 
Figure 2. Box Plots of Influent/Effluent TSS Concentrations 

 
 

Table 2. Influent/Effluent Summary Statistics for TSS (mg/L) 

BMP Type 
Count of Studies 

and EMCs 25th Percentile Median (95% Conf. Interval)* 75th Percentile 

In Out In Out In Out In Out 
Grass Strip 19, 350 20, 286 19.3 10.0 43.1 (36.0, 45.0) 19.1 (16.0, 21.5)** 88.0 35.0 
Bioretention 14, 202 14, 193 18.0 3.8 37.5 (29.2, 45.0) 8.3 (5.0, 9.0)** 87.8 16.0 
Bioswale 21, 338 23, 354 8.00 5.12 21.7 (16.2, 26.0) 13.6 (11.8, 15.3)** 56.0 33.0 
Composite 10, 201 10, 163 40.3 8.0 94.0 (76.2, 107) 17.4 (12.4, 18.8)** 184.0 34.0 
Detention Basin 20, 278 21, 299 24.2 11.3 66.8 (52.3, 76.1) 24.2 (19.0, 26.0)** 121.0 46.5 
Green Roof 2, 20 4, 51 1.44 0.89 10.5 (1.13, 14.5) 2.9 (1.0, 3.5) 20.5 8.0 
Manufactured Device 55, 923 63, 904 12.0 6.0 34.5 (30.0, 36.8) 18.4 (15.0, 19.9)** 93.0 45.0 
Media Filter 28, 442 29, 409 26.2 4.0 52.7 (45.9, 58.2) 8.7 (7.4, 10.0)** 112.0 22.0 
Porous Pavement 14, 246 23, 406 18.3 7.08 65.3 (45.0, 80.3) 13.2 (11.0, 14.4)** 186.7 27.0 
Retention Pond 47, 725 48, 723 20.7 5.72 70.7 (59.0, 79.0) 13.5 (12.0, 15.0)** 180.0 33.0 
Wetland Basin 15, 301 17, 305 9.4 2.36 20.4 (16.6, 24.4) 9.06 (7.0, 10.9)** 54.4 19.5 
Wetland Channel 8, 189 8, 154 12.0 8.0 20.0 (17.0, 22.0) 14.3 (10.0, 16.0)** 66.0 27.0 

*Computed using the BCa bootstrap method described by Efron and Tibishirani (1993) 
**Hypothesis testing in Attachment 2 shows statistically significant decreases for this BMP category. 
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2.2 Bacteria 

2.2.1 Enterococcus 

Figure 3. Box Plots of Influent/Effluent Enterococcus Concentrations 

 
 

Table 3. Influent/Effluent Summary Statistics for Enterococcus (#/100 mL) 

BMP Type 
Count of Studies 

and EMCs 
25th 

Percentile Median (95% Conf. Interval*) 75th Percentile 

In Out In Out In Out In Out 

Grass Strip NA NA NA NA NA NA NA NA 
Bioretention 3, 48 3, 49 178 32 605 (225, 922) 234 (58, 437)** 2440 2190 
Bioswale NA NA NA NA NA NA NA NA 
Composite NA NA NA NA NA NA NA NA 
Detention Basin NA NA NA NA NA NA NA NA 
Green Roof NA NA NA NA NA NA NA NA 
Manufactured Device-D 1, 33 1, 32 240 10 911 (500, 1700) 10 (10, 10)** 1700 10 
Manufactured Device-F 5, 48 5, 46 573 1340 4130 (1000, 8000) 6890 (1750, 12000) 25500 29500 
Manufactured Device-P NA NA NA NA NA NA NA NA 
Media Filter NA NA NA NA NA NA NA NA 
Retention Pond NA NA NA NA NA NA NA NA 
Retention Pond or Wetland 
Basin 5, 78 5, 78 186 20 615 (248, 1110) 153 (56, 300)** 2770 1630 

Wetland Basin NA NA NA NA NA NA NA NA 
*Computed using the BCa bootstrap method described by Efron and Tibishirani (1993) 
**Hypothesis testing in Attachment 2 shows statistically significant decreases for this BMP category.  
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2.2.2 Escherichia coli 

Figure 4. Box Plots of Influent/Effluent E. coli Concentrations 

 
 

Table 4. Influent/Effluent Summary Statistics for E. coli (#/100 mL) 

BMP Type 
Count of Studies 

and EMCs 
25th 

Percentile Median (95% Conf. Interval*) 75th Percentile 

In Out In Out In Out In Out 

Grass Strip NA NA NA NA NA NA NA NA 
Bioretention 3, 54 3, 54 42 5 150 (50, 210) 44 (6, 137) 1820 965 
Bioswale 5, 39 5, 39 295 1200 3990 (200, 5600) 4190 (1200, 5900) 11000 10000 
Composite NA NA NA NA NA NA NA NA 
Detention Basin 3, 32 3, 32 398 60 1300 (460, 1990) 429 (82, 720)** 12600 1880 
Green Roof 1, 6 3, 39 8 5 232 (1, 550) 16 (5, 48) 5.0 61 
Manufactured Device-D NA NA NA NA NA NA NA NA 
Manufactured Device-F NA NA NA NA NA NA NA NA 
Manufactured Device-P NA NA NA NA NA NA NA NA 
Media Filter NA NA NA NA NA NA NA NA 
Retention Pond 4, 68 4, 69 607 10 2800 (1350, 4300) 150 (31, 387)** 17500 800 
Wetland Basin 3, 42 3, 42 257 65 785 (363, 1350) 632 (199, 1160) 2510 3580 

*Computed using the BCa bootstrap method described by Efron and Tibishirani (1993) 
**Hypothesis testing in Attachment 2 shows statistically significant decreases for this BMP category. 
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2.2.3 Fecal Coliform 

Figure 5. Box Plots of Influent/Effluent Fecal Coliform Concentrations 

 
 

Table 5. Influent/Effluent Summary Statistics for Fecal Coliform (#/100 mL) 

BMP Type 
Count of Studies 

and EMCs 
25th 

Percentile Median (95% Conf. Interval*) 75th Percentile 

In Out In Out In Out In Out 

Grass Strip 2, 14 2, 13 2090 2300 32000 (1450, 91700) 23200 (300,39600) 145000 97200 
Bioretention NA NA NA NA NA NA NA NA 
Bioswale 10, 79 10, 79 1400 1900 4720 (2120, 5500) 5000 (2600, 6200) 20300 18500 
Composite 4, 56 5, 49 4320 2640 13500 (7740, 18300) 11200 (6590, 16000) 36700 20600 
Detention Basin 13, 139 14, 170 300 78 1480 (789, 1900) 1030 (500, 1900) 7520 8720 
Green Roof NA NA NA NA NA NA NA NA 
Manufactured Device-D 1, 33 1, 32 300 10 1190 (300, 3000) 12 (10, 20) 3000 20 
Manufactured Device-F 5, 45 5, 48 200 200 478 (200, 1300) 1890 (200, 3000) 3000 5000 
Manufactured Device-P 5, 59 5, 59 500 752 2210 (900, 3000) 2750 (1400, 5000) 8080 11000 
Media Filter 19, 191 20, 185 200 110 1350 (725, 2300) 542 (200, 625)** 10900 5000 
Retention Pond 11, 102 12, 129 150 30 1920 (970, 2650) 707 (200, 1160)** 7520 5000 
Wetland Basin 5, 37 5, 29 3780 230 13000 (5080, 21000) 6140 (230, 11800) 25100 20600 

*Computed using the BCa bootstrap method described by Efron and Tibishirani (1993) 
**Hypothesis testing in Attachment 2 shows statistically significant decreases for this BMP category. 
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2.3 Metals 

2.3.1 Arsenic 

Figure 6.  Box Plots of Influent/Effluent Dissolved Arsenic Concentrations 

 
 

Table 6. Influent/Effluent Summary Statistics for Dissolved Arsenic (µg/L) 

BMP Type 
Count of Studies 

and EMCs 
25th 

Percentile Median (95% Conf. Interval*) 75th 
Percentile 

In Out In Out In Out In Out 

Grass Strip 12, 220 12, 152 0.17 0.24 0.61 (0.46, 0.70) 0.64 (0.50, 0.80) 1.10 2.10 
Bioretention NA NA NA NA NA NA NA NA 
Bioswale 8, 45 8, 37 0.50 0.50 0.60 (0.50, 0.70) 0.60 (0.50, 0.66) 1.70 0.85 
Composite NA NA NA NA NA NA NA NA 
Detention Basin 5, 44 5, 42 0.60 0.63 1.04 (0.77, 1.20) 1.04 (0.80, 1.20) 1.30 1.30 
Green Roof 1, 6 3, 29 0.16 0.57 0.23 (0.06, 0.28) 0.84 (0.62, 0.95) 0.27 1.09 
Manufactured Device 2, 28 8, 55 0.50 0.75 0.98 (0.50, 1.00) 1.02 (1.00, 1.20) 1.2 2.40 
Media Filter 12, 123 12, 119 0.31 0.41 0.53 (0.50, 0.63) 0.62 (0.50, 0.70) 1.50 1.25 
Porous Pavement NA NA NA NA NA NA NA NA 
Retention Pond NA NA NA NA NA NA NA NA 
Wetland Basin NA NA NA NA NA NA NA NA 
Wetland Channel NA NA NA NA NA NA NA NA 

*Computed using the BCa bootstrap method described by Efron and Tibishirani (1993) 
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Figure 7. Box Plots of Influent/Effluent Total Arsenic Concentrations 

 
Table 7. Influent/Effluent Summary Statistics for Total Arsenic (µg/L) 

BMP Type 
Count of Studies 

and EMCs 
25th 

Percentile Median (95% Conf. Interval*) 75th 
Percentile 

In Out In Out In Out In Out 

Grass Strip 12, 220 12, 153 0.32 0.36 1.04 (0.65, 1.10) 0.94 (0.55, 1.20) 2 2.50 
Bioretention NA NA NA NA NA NA NA NA 
Bioswale 8, 44 8, 37 1.07 0.60 1.68 (1.30, 1.81) 1.17 (0.95, 1.30)** 2.65 2.10 
Composite NA NA NA NA NA NA NA NA 
Detention Basin 6, 62 6, 56 1.70 1.20 2.21 (1.89, 2.50) 1.78 (1.29, 1.80)** 2.98 2.32 
Green Roof 1, 6 3, 29 0.12 0.60 0.22 (0.05, 0.26) 0.89 (0.65, 1.17) 0.26 1.36 
Manufactured Device 2, 28 8, 55 0.68 1.00 1.02 (0.95, 1.30) 1.63 (1.00, 2.40) 1.0 3.65 
Media Filter 12, 123 12, 119 0.54 0.50 1.01 (0.75, 1.20) 0.87 (0.61, 1.00) 2.07 1.65 
Porous Pavement**** 3, 111 3, 105 2.50 2.50 2.50 (2.50, 2.50) 2.50 (2.50, 2.50) 2.50 2.50 
Retention Pond 3, 25 3, 24 1.00 0.50 1.36 (1.00, 1.80) 0.85 (0.54, 1.15)** 2 1.41 
Wetland Basin NA NA NA NA NA NA NA NA 
Wetland Channel NA NA NA NA NA NA NA NA 

*Computed using the BCa bootstrap method described by Efron and Tibishirani (1993) 
**Hypothesis testing in Attachment 3 shows statistically significant decreases for this BMP category. 
****Conclusions are limited for this BMP category due to a large percentage of non-detects in the influent.  
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2.3.2 Cadmium 

Figure 8. Box Plots of Influent/Effluent Dissolved Cadmium Concentrations 

 
 

Table 8. Influent/Effluent Summary Statistics for Dissolved Cadmium (ug/L) 

BMP Type 
Count of Studies and 

EMCs 
25th 

Percentile Median (95% Conf. Interval)* 75th 
Percentile 

In Out In Out In Out In Out 

Grass Strip 12, 219 12, 152 0.06 0.04 0.13 (0.10, 0.20) 0.09 (0.07, 0.11) 0.30 0.20 
Bioretention NA NA NA NA NA NA NA NA 
Bioswale 12, 83 12, 75 0.10 0.07 0.21 (0.15, 0.30) 0.12 (0.09, 0.15)** 0.40 0.20 
Composite NA NA NA NA NA NA NA NA 
Detention Basin 9, 141 9, 147 0.08 0.20 0.15 (0.12, 0.18) 0.50 (0.50, 0.50)*** 0.27 0.50 
Green Roof**** NA 2, 12 NA 0.05 NA 0.05 (0.05, 0.05) NA 0.05 
Manufactured Device 13, 149 19, 174 0.20 0.17 0.35 (0.29, 0.40) 0.30 (0.24, 0.39) 0.63 0.60 
Media Filter 13, 136 13, 131 0.10 0.09 0.20 (0.20, 0.20) 0.18 (0.11, 0.20) 0.22 0.20 
Porous Pavement**** 3, 113 3, 105 0.03 0.01 0.06 (0.05, 0.07) 0.04 (0.02, 0.05)** 0.10 0.10 
Retention Pond 4, 63 4, 78 0.06 0.05 0.17 (0.10, 0.20) 0.10 (0.07, 0.13) 0.28 0.20 
Wetland Basin NA NA NA NA NA NA NA NA 
Wetland Channel NA NA NA NA NA NA NA NA 

*Computed using the BCa bootstrap method described by Efron and Tibishirani (1993) 
**Hypothesis testing in Attachment 3 shows statistically significant decreases for this BMP category. 
***Hypothesis testing in Attachment 3 shows statistically significant increases for this BMP category. 
****Conclusions are limited for this BMP category due to a large percentage of non-detects in the influent.  
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Figure 9. Box Plots of Influent/Effluent Total Cadmium Concentrations 

 
Table 9. Influent/Effluent Summary Statistics for Total Cadmium (µg/L) 

BMP Type 
Count of Studies 

and EMCs 
25th 

Percentile Median (95% Conf. Interval*) 75th 
Percentile 

In Out In Out In Out In Out 

Grass Strip 12, 220 12, 153 0.20 0.06 0.52 (0.42, 0.60) 0.18 (0.09, 0.20)** 0.86 0.33 
Bioretention**** 3, 40 3, 37 0.50 0.50 0.99 (1.00, 1.00) 0.94 (0.25, 1.00)** 1.00 1.00 
Bioswale 14, 136 14, 123 0.43 0.20 0.50 (0.50, 0.50) 0.31 (0.27, 0.34)** 0.63 0.50 
Composite 5, 83 6, 80 0.39 0.36 0.51 (0.50, 0.54) 0.50 (0.43, 0.50)** 0.71 0.52 
Detention Basin 12, 162 13, 178 0.17 0.17 0.39 (0.28, 0.49) 0.31 (0.25, 0.35) 0.79 0.53 
Green Roof**** 1, 14 3, 28 0.25 0.05 0.27 (0.25, 0.50) 0.21 (0.05, 0.25) 0.59 0.25 
Manufactured Device 18, 234 25, 260 0.18 0.10 0.40 (0.32, 0.44) 0.28 (0.20, 0.31)** 0.95 0.70 
Media Filter 21, 268 21, 250 0.13 0.05 0.31 (0.20, 0.31) 0.16 (0.10, 0.20)** 0.60 0.25 
Porous Pavement**** 3, 113 4, 111 0.16 0.25 0.28 (0.21, 0.35) 0.25 (0.25, 0.25) 0.60 0.50 
Retention Pond 25, 374 25, 384 0.20 0.10 0.49 (0.40, 0.50) 0.23 (0.20, 0.29)** 1.00 0.50 
Wetland Basin 5, 100 5, 117 0.10 0.10 0.31 (0.19, 0.34) 0.18 (0.10, 0.20)** 0.74 0.50 
Wetland Channel 3, 69 3, 54 0.16 0.17 0.50 (0.23, 0.50) 0.49 (0.19, 0.50) 0.50 0.50 
*Computed using the BCa bootstrap method described by Efron and Tibishirani (1993) 
**Hypothesis testing in Attachment 1 shows statistically significant decreases for this BMP category. 
***Hypothesis testing in Attachment 1 shows statistically significant increases for this BMP category. 
****Conclusions are limited for this BMP category due to a large percentage of non-detects in the influent.  
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2.3.3 Chromium 

Figure 10.  Box Plots of Influent/Effluent Dissolved Chromium Concentrations 

 
Table 10. Influent/Effluent Summary Statistics for Dissolved Chromium (µg/L) 

BMP Type 
Count of Studies 

and EMCs 
25th 

Percentile Median (95% Conf. Interval)* 75th 
Percentile 

In Out In Out In Out In Out 

Grass Strip 12, 220 12, 152 1.00 1.00 2.13 (1.60, 2.30) 1.68 (1.20, 1.70) 4.25 3.60 
Bioretention NA NA NA NA NA NA NA NA 
Bioswale 6, 37 6, 29 1.00 1.00 1.53 (1.00, 2.80) 1.38 (1.00, 2.70) 3.40 3.20 
Composite NA NA NA NA NA NA NA NA 
Detention Basin 4, 42 4, 36 0.62 0.55 1.25 (0.76, 1.50) 1.08 (0.70, 1.65) 2.97 1.90 
Green Roof NA NA NA NA NA NA NA NA 
Manufactured Device 10, 117 16, 144 0.95 1.10 1.40 (1.13, 1.48) 1.63 (1.46, 1.80) 1.93 2.31 
Media Filter 13, 133 13, 128 0.54 0.61 1.00 (1.00, 1.00) 1.00 (1.00, 1.00) 1.10 1.10 
Porous Pavement**** 3, 113 3, 106 0.50 1.76 0.50 (0.50, 0.50) 2.82 (2.40, 3.10)*** 0.50 4.07 
Retention Pond 4, 67 4, 81 1.00 0.60 1.18 (1.00, 1.47) 1.00 (1.00, 1.00)** 2.00 1.00 
Wetland Basin NA NA NA NA NA NA NA NA 
Wetland Channel NA NA NA NA NA NA NA NA 

*Computed using the BCa bootstrap method described by Efron and Tibishirani (1993) 
**Hypothesis testing in Attachment 3 shows statistically significant decreases for this BMP category. 
***Hypothesis testing in Attachment 3 shows statistically significant increases for this BMP category. 
****Conclusions are limited for this BMP category due to a large percentage of non-detects in the influent. 
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Figure 11.  Box Plots of Influent/Effluent Total Chromium Concentrations 

 
Table 11. Influent/Effluent Summary Statistics for Total Chromium (µg/L) 

BMP Type 
Count of Studies 

and EMCs 
25th 

Percentile Median (95% Conf. Interval)* 75th Percentile 

In Out In Out In Out In Out 

Grass Strip 13, 223 13, 156 2.90 1.37 5.49 (4.50, 6.10) 2.73 (2.10, 3.25)** 8.60 5.90 
Bioretention NA NA NA NA NA NA NA NA 
Bioswale 6, 37 6, 29 1.80 1.50 4.53 (2.10, 6.30) 2.32 (1.50, 3.30) 9.20 4.80 
Composite NA NA NA NA NA NA NA NA 
Detention Basin 6, 60 5, 46 3.50 1.90 5.02 (3.97, 5.50) 2.97 (2.20, 3.35)** 7.80 3.70 
Green Roof**** 1, 6 3, 23 0.20 0.44 0.20 (0.20, 0.20) 0.73 (0.41, 0.88) 0.20 1.15 
Manufactured Device 11, 120 17, 145 2.57 1.90 3.66 (3.17, 4.00) 2.82 (2.40, 3.11)** 5.45 4.20 
Media Filter 13, 134 13, 128 1.20 1.00 2.02 (1.50, 2.43) 1.02 (1.00, 1.20)** 3.49 2.12 
Porous Pavement**** 3, 113 3, 105 2.02 2.20 3.60 (2.81, 4.24) 3.73 (2.99, 4.42) 6.90 6.30 
Retention Pond 12, 153 12, 162 2.35 1.00 4.09 (3.70, 4.72) 1.36 (1.00, 1.84)** 7.60 3.39 
Wetland Basin NA NA NA NA NA NA NA NA 
Wetland Channel 3, 70 3, 55 1.00 0.50 1.72 (1.20, 2.19) 1.41 (0.57, 1.92) 3.25 4.00 

**Hypothesis testing in Attachment 1 shows statistically significant decreases for this BMP category. 
***Hypothesis testing in Attachment 1 shows statistically significant increases for this BMP category. 
****Conclusions are limited for this BMP category due to a large percentage of non-detects in the influent. 
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2.3.4 Copper 

Figure 12. Box Plots of Influent/Effluent Dissolved Copper Concentrations 

  
Table 12. Influent/Effluent Summary Statistics for Dissolved Copper (µg/L) 

BMP Type 
Count of Studies 

and EMCs 25th Percentile Median (95% Conf. Interval)* 75th Percentile 

In Out In Out In Out In Out 

Grass Strip 12, 233 12, 163 5.10 2.85 11.66 (8.60, 13.00) 5.40 (4.50, 5.90)** 21.00 8.55 
Bioretention NA NA NA NA NA NA NA NA 
Bioswale 13, 109 13, 92 6.05 4.94 11.01 (7.39, 11.10) 8.02 (6.30, 9.24) 18.60 11.55 
Composite 3, 59 3, 52 2.58 4.38 5.32 (3.44, 7.00) 5.00 (5.00, 5.00) 20.00 5.00 
Detention Basin 9, 170 9, 170 2.32 1.93 5.56 (3.80, 6.30) 3.52 (2.80, 4.72) 11.00 9.92 
Green Roof 1, 6 3, 39 0.81 7.14 1.72 (0.44, 2.83) 9.55 (7.34, 11.50) 2.71 13.60 
Manufactured Device 17, 219 23, 307 3.00 2.41 6.70 (5.60, 8.00) 6.08 (4.82, 7) 12.15 12.00 
Media Filter 13, 191 13, 186 2.68 1.92 5.37 (4.30, 6.50) 4.35 (3.58, 5.10) 10.50 10.00 
Porous Pavement 6, 138 7, 190 3.32 4.10 5.37 (4.60, 5.60) 5.75 (4.90, 5.91) 7.80 8.70 
Retention Pond 10, 202 10, 213 4.00 2.90 6.57 (5.96, 7.00) 4.24 (4.00, 4.57)** 9.00 6.00 
Wetland Basin NA NA NA NA NA NA NA NA 
Wetland Channel NA NA NA NA NA NA NA NA 
*Computed using the BCa bootstrap method described by Efron and Tibishirani (1993) 
**Hypothesis testing in Attachment 3 shows statistically significant decreases for this BMP category. 
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Figure 13. Box Plots of Influent/Effluent Total Copper Concentrations 

 
Table 13. Influent/Effluent Summary Statistics for Total Copper (µg/L) 

BMP Type 
Count of Studies 

and EMCs 
25th 

Percentile Median (95% Conf. Interval)* 75th Percentile 

In Out In Out In Out In Out 

Grass Strip 13, 237 13, 167 11.00 4.80 24.52 (19, 26) 7.30 (6.40, 7.90)** 51.00 12.00 
Bioretention 4, 63 4, 56 8.35 3.98 17.00 (11.00, 23.00) 7.67 (4.60, 9.85)** 38.50 12.00 
Bioswale 16, 258 18, 300 5.02 3.57 10.86 (8.70, 13.20) 6.54 (5.70, 7.70)** 27.00 13.20 
Composite 6, 123 7, 109 6.84 3.74 10.93 (9.71, 13.63) 5.88 (5.05, 6.79)** 30.00 10.00 
Detention Basin 12, 193 13, 203 4.83 2.11 10.62 (7.78, 14.00) 5.67 (4.00, 6.80)** 31.00 15.00 
Green Roof 2, 20 4, 55 2.52 8.61 4.12 (2.38, 5.40) 12.60 (9.58, 15.60) 8.63 21.00 
Manufactured Device 26, 349 33, 434 7.40 4.65 13.42 (11.90, 14.70) 10.16 (7.94, 11.0)** 23.00 17.85 
Media Filter 25, 408 25, 377 6.96 2.95 11.28 (10.00, 12.68) 6.01 (5.10, 6.60)** 21.10 10.00 
Porous Pavement 11, 190 12, 236 8.70 4.84 13.07 (11.45, 15.30) 7.83 (6.80, 8.10)** 27.00 12.62 
Retention Pond 33, 525 33, 517 4.93 3.00 9.57 (8.00, 10.00) 4.99 (4.06, 5.00)** 20.10 7.32 
Wetland Basin 6, 149 6, 148 3.53 2.00 5.61 (4.36, 6.34) 3.57 (3.00, 4.00)** 9.57 6.00 
Wetland Channel 3, 95 3, 77 3.30 3.30 4.52 (3.80, 5.10) 4.81 (3.61, 5.20) 7.50 10.00 
*Computed using the BCa bootstrap method described by Efron and Tibishirani (1993) 
**Hypothesis testing in Attachment 1 shows statistically significant decreases for this BMP category. 
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2.3.5 Iron 

Figure 14. Box Plots of Influent/Effluent Dissolved Iron Concentrations 

 
Table 14. Influent/Effluent Summary Statistics for Dissolved Iron (µg/L) 

BMP Type 

Count of 
Studies and 

EMCs 

25th 
Percentile Median (95% Conf. Interval)* 75th 

Percentile 

In Out In Out In Out In Out 
Grass Strip 5, 67 4, 52 23.2 47.3 44.9 (25.0, 56.0) 151.9 (63.0, 226.5)*** 139.0 435.0 
Bioretention NA NA NA NA NA NA NA NA 
Bioswale NA NA NA NA NA NA NA NA 
Composite NA NA NA NA NA NA NA NA 
Detention Basin NA NA NA NA NA NA NA NA 
Green Roof NA NA NA NA NA NA NA NA 
Manufactured 
Device NA NA NA NA NA NA NA NA 

Media Filter NA NA NA NA NA NA NA NA 
Porous Pavement 3, 113 3, 106 37.9 62.5 68.4 (49.4, 80.0) 98.63(70.0, 105.0) 120.0 167.5 
Retention Pond 5, 118 5, 129 20.0 27.0 51.5 (35.0, 60.0) 59.72 (45.4, 70.8) 110.0 109.0 
Wetland Basin NA NA NA NA NA NA NA NA 
Wetland Channel NA NA NA NA NA NA NA NA 

*Computed using the BCa bootstrap method described by Efron and Tibishirani (1993) 
***Hypothesis testing in Attachment 3 shows statistically significant increases for this BMP category. 
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Figure 15. Box Plots of Influent/Effluent Total Iron Concentrations 

 
Table 15. Influent/Effluent Summary Statistics for Total Iron (µg/L) 

BMP Type 
Count of Studies 

and EMCs 25th Percentile Median (95% Conf. Interval)* 75th 
Percentile 

In Out In Out In Out In Out 
Grass Strip 5, 67 4, 52 291 129 792 (490, 1000) 590 (287, 939) 1800 1307 
Bioretention 3, 44 3, 42 253 478 515 (280, 619) 1032 (510, 1380) 805 1845 
Bioswale 3, 55 4, 75 39 40 151 (45, 180) 86 (43, 88) 514 265 
Composite 3, 67 3, 54 477 160 1603 (820, 2170) 264 (165, 330)** 5095 464 
Detention Basin NA NA NA NA NA NA NA NA 
Green Roof NA NA NA NA NA NA NA NA 
Manufactured Device NA NA NA NA NA NA NA NA 
Media Filter 7, 141 7, 123 267 113 606 (437, 754) 210 (163, 250)** 1430 455 
Porous Pavement NA NA NA NA NA NA NA NA 
Retention Pond 15, 299 16, 305 430 153 1094 (858, 1265) 280 (230, 335)** 3404 510 
Wetland Basin NA NA NA NA NA NA NA NA 
Wetland Channel NA NA NA NA NA NA NA NA 

*Computed using the BCa bootstrap method described by Efron and Tibishirani (1993) 
**Hypothesis testing in Attachment 1 shows statistically significant decreases for this BMP category. 
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2.3.6 Lead 

Figure 16. Box Plots of Influent/Effluent Dissolved Lead Concentrations 

 
Table 16. Influent/Effluent Summary Statistics for Dissolved Lead (µg/L) 

BMP Type 
Count of Studies 

and EMCs 
25th 

Percentile Median (95% Conf. Interval)* 75th 
Percentile 

In Out In Out In Out In Out 
Grass Strip 12, 232 12, 164 0.11 0.09 0.64 (0.32, 1.00) 0.26 (0.19, 0.35) 2.80 1.00 
Bioretention NA NA NA NA NA NA NA NA 
Bioswale 13, 109 13, 92 0.60 0.49 1.36 (0.70, 1.46) 1.08 (0.76, 1.60) 6.40 3.26 
Composite 5, 64 5, 56 0.08 0.05 0.61 (0.21, 0.99) 0.29 (0.09, 0.44) 4.63 1.07 
Detention Basin 9, 170 9, 171 0.29 0.27 0.79 (0.54, 1.00) 0.66 (0.48, 0.90) 1.76 1.49 
Green Roof**** 1, 6 3, 39 0.05 0.04 0.05 (0.05, 0.05) 0.12 (0.05, 0.14) 0.05 0.28 
Manufactured Device 14, 159 20, 245 0.61 0.71 1.49 (1.00, 1.70) 1.24 (1.00, 1.38) 3.55 2.90 
Media Filter 13, 191 13, 186 0.50 0.39 1.00 (1.00, 1.00) 1.00 (1.00, 1.00) 1.70 1.00 
Porous Pavement**** 3, 113 3, 106 0.50 0.50 0.50 (0.50, 0.50) 0.50 (0.50, 0.50) 0.50 0.50 
Retention Pond 14, 202 14, 214 0.08 0.07 0.76 (0.34, 1.03) 0.48 (0.23, 0.96) 3.85 3.00 
Wetland Basin NA NA NA NA NA NA NA NA 
Wetland Channel 3, 53 3, 47 1.85 0.12 3.26 (2.35, 3.98) 0.52 (0.12, 0.75)** 7.09 2.66 

*Computed using the BCa bootstrap method described by Efron and Tibishirani (1993) 
**Hypothesis testing in Attachment 3 shows statistically significant decreases for this BMP category. 
****Conclusions are limited for this BMP category due to a large percentage of non-detects in the influent. 
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Figure 17. Box Plots of Influent/Effluent Total Lead Concentrations 

 
 

Table 17. Influent/Effluent Summary Statistics for Total Lead (µg/L) 

BMP Type 
Count of Studies 

and EMCs 
25th 

Percentile Median (95% Conf. Interval)* 75th 
Percentile 

In Out In Out In Out In Out 
Grass Strip 13, 237 13, 167 3.20 0.72 8.83 (6.60, 11.50) 1.96 (1.30, 2.20)** 29.00 4.60 
Bioretention 3, 47 3, 43 2.06 2.50 3.76 (2.49, 5.50) 2.53 (2.50, 2.50) 7.00 5.00 
Bioswale 17, 277 19, 318 1.65 1.08 3.93 (2.80, 5.00) 2.02 (1.80, 2.29)** 18.20 6.27 
Composite 9, 158 10, 149 7.78 2.00 19.7 (13.27, 23.45) 4.78 (3.00, 5.61)** 51.00 10.30 
Detention Basin 12, 193 13, 204 1.80 1.10 6.08 (3.86, 8.00) 3.10 (2.15, 4.30) 41.00 11.00 
Green Roof 2, 20 4, 55 0.16 0.18 0.58 (0.15, 1.00) 0.30 (0.19, 0.35) 1.20 0.59 
Manufactured Device 20, 247 27, 334 4.20 2.00 8.24 (6.77, 9.56) 4.63 (3.80, 5.16)** 18.95 10.00 
Media Filter 25, 394 25, 362 3.28 1.00 10.5 (8.02, 11.79) 1.69 (1.30, 2.00)** 23.00 3.99 
Porous Pavement 8, 162 13, 174 1.99 0.93 4.30 (3.28, 5.47) 1.86 (1.38, 2.21)** 9.98 4.93 
Retention Pond 40, 631 40, 627 2.97 1.00 8.48 (6.80, 9.41) 2.76 (2.00, 3.00)** 25.30 8.00 
Wetland Basin 6, 121 6, 121 1.00 0.71 2.03 (1.57, 2.24) 1.21 (1.00, 1.55)** 5.73 3.47 
Wetland Channel 6, 117 6, 102 1.06 1.00 2.94 (1.90, 4.20) 2.49 (1.40, 3.11) 14.00 6.73 

*Computed using the BCa bootstrap method described by Efron and Tibishirani (1993) 
**Hypothesis testing in Attachment 1 shows statistically significant decreases for this BMP category. 
****Conclusions are limited for this BMP category due to a large percentage of non-detects in the influent. 
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2.3.7 Nickel 

Figure 18. Box Plots of Influent/Effluent Dissolved Nickel Concentrations 

 
 

Table 18. Influent/Effluent Summary Statistics for Dissolved Nickel (µg/L) 

BMP Type 
Count of Studies 

and EMCs 
25th 

Percentile Median (95% Conf. Interval)* 75th 
Percentile 

In Out In Out In Out In Out 
Grass Strip 12, 220 12, 152 1.27 1.53 2.68 (2.30, 2.90) 2.09 (2.00, 2.15)** 4.30 3.00 
Bioretention NA NA NA NA NA NA NA NA 
Bioswale 5, 31 5, 23 2.80 2.00 4.93 (2.90, 5.90) 2.04 (2, 2.40)** 8.35 2.50 
Composite NA NA NA NA NA NA NA NA 
Detention Basin 5, 52 5, 46 2.00 2.00 2.82 (2.05, 3.47) 2.55 (2.00, 3.00) 4.05 3.50 
Green Roof NA NA NA NA NA NA NA NA 
Manufactured Device 9, 102 15, 129 0.10 0.27 0.50 (0.26, 1.03) 1.92 (0.44, 2.00) 2.07 3.90 
Media Filter 13, 133 13, 128 0.94 0.80 1.99 (1.02, 2.00) 1.90 (0.99, 2.00) 2.80 2.43 
Porous Pavement**** 3, 113 3, 106 0.49 0.23 0.88 (0.68, 1.10) 0.43 (0.33, 0.52)** 1.50 0.81 
Retention Pond 4, 45 4, 45 1.00 1.16 1.68 (1.17, 2.00) 2.11 (1.40, 2.53) 2.59 3.70 
Wetland Basin NA NA NA NA NA NA NA NA 
Wetland Channel NA NA NA NA NA NA NA NA 

*Computed using the BCa bootstrap method described by Efron and Tibishirani (1993) 
**Hypothesis testing in Attachment 3 shows statistically significant decreases for this BMP category. 
****Conclusions are limited for this BMP category due to a large percentage of non-detects in the influent. 
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Figure 19. Box Plots of Influent/Effluent Total Nickel Concentrations 

 
 

Table 19. Influent/Effluent Summary Statistics for Total Nickel (µg/L) 

BMP Type 
Count of Studies 

and EMCs 
25th 

Percentile Median (95% Conf. Interval)* 75th 
Percentile 

In Out In Out In Out In Out 
Grass Strip 12, 220 12, 153 3.30 2.10 5.41 (4.50, 6.10) 2.92 (2.40, 3.10)** 9.20 4.30 
Bioretention NA NA NA NA NA NA NA NA 
Bioswale 5, 31 5, 23 5.15 2.35 9.26 (5.20, 12.00) 3.16 (2.30, 4.20)** 14.50 4.65 
Composite NA NA NA NA NA NA NA NA 
Detention Basin 6, 60 6, 54 4.57 2.00 5.64 (4.85, 6.60) 3.35 (2.20, 3.75)** 11.00 4.98 
Green Roof NA NA NA NA NA NA NA NA 
Manufactured Device 9, 102 15, 129 0.85 2.80 3.84 (2.50, 4.10) 4.51 (3.11, 5.00) 6.07 6.90 
Media Filter 13, 134 13, 128 2.10 1.45 3.51 (2.70, 3.70) 2.20 (2.00, 2.60)** 5.38 3.90 
Porous Pavement 3, 113 3, 106 2.40 1.20 3.64 (2.80, 4.20) 1.71 (1.40, 1.80)** 6.90 2.50 
Retention Pond 10, 115 10, 112 2.48 2.00 4.46 (3.19, 5.59) 2.19 (2.00, 2.60)** 9.34 5.82 
Wetland Basin NA NA NA NA NA NA NA NA 
Wetland Channel 3, 68 3, 53 2.00 2.00 2.80 (2.09, 3.00) 2.18 (2.00, 2.40) 3.75 3.00 

*Computed using the BCa bootstrap method described by Efron and Tibishirani (1993) 
**Hypothesis testing in Attachment 1 shows statistically significant decreases for this BMP category. 
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Figure 20. Box Plots of Influent/Effluent Dissolved Zinc Concentrations 

 
Table 20. Influent/Effluent Summary Statistics for Dissolved Zinc (µg/L) 

BMP Type 
Count of Studies 

and EMCs 25th Percentile Median (95% Conf. Interval)* 75th 
Percentile 

In Out In Out In Out In Out 
Grass Strip 12, 233 12, 163 14.0 6.0 36.1 (30.0, 43.1) 14.0 (10.0, 16.0)** 75.0 28.0 
Bioretention NA NA NA NA NA NA NA NA 
Bioswale 13, 109 13, 92 30.0 17.7 52.7 (35.8, 59.9) 24.5 (21.3, 27.5)** 113.0 39.2 
Composite 4, 72 4, 61 10.0 4.0 29.0 (10.2, 30.0) 9.9 (4.4, 10.0)** 50.0 20.0 
Detention Basin 9, 169 9, 171 5.0 4.0 15.6 (10.8, 21.0) 11.08 (8, 17) 42.0 31.5 
Green Roof 1, 6 3, 39 59.4 12.6 97.3 (55.2, 126.0) 20.3 (13.3, 25.2) 126.0 28.1 
Manufactured Device 18, 219 24, 307 19.5 20.0 47.8 (36.0, 55.0) 53.3 (44.0, 64.0) 125.0 109.0 
Media Filter 13, 191 13, 185 23.0 3.0 51.3 (37.1, 60.0) 12.2 (8.3, 17.0)** 125.0 38.0 
Porous Pavement 6, 138 7, 189 8.3 2.1 13.5 (10.9, 15.9) 6.5 (4.9, 7.9)** 26.3 13.6 
Retention Pond 11, 201 11, 212 9.0 2.0 22.5 (18.0, 26.0) 9.6 (5.3, 10.9)** 41.0 20.0 
Wetland Basin NA NA NA NA NA NA NA NA 
Wetland Channel 3, 64 3, 56 4.5 2.9 11.6 (6.2, 17.0) 9.5 (2.9, 10.0) 20.0 20.0 

*Computed using the BCa bootstrap method described by Efron and Tibishirani (1993) 
**Hypothesis testing in Attachment 1 shows statistically significant decreases for analyzed BMPs for total zinc 
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2.3.8 Zinc 

Figure 21. Box Plots of Influent/Effluent Total Zinc Concentrations 

 
 

Table 21. Influent/Effluent Summary Statistics for Total Zinc (µg/L) 

BMP Type 
Count of Studies 

and EMCs 
25th 

Percentile Median (95% Conf. Interval)* 75th Percentile 

In Out In Out In Out In Out 
Grass Strip 13, 237 13, 167 53.0 11.0 103.3 (86.0, 120.0) 24.3 (16.0, 26.0)** 210.0 52.5 
Bioretention 6, 106 6, 99 46.3 4.8 73.8 (62.0, 83.5) 18.3 (7.7, 25.0)** 153.8 36.0 
Bioswale 18, 292 20, 327 19.1 15.5 36.2 (30.0, 40.0) 22.9 (20.0, 26.6)** 136.0 50.0 
Composite 7, 137 8, 118 50.0 17.7 102.9 (77.4, 122.2) 33.0 (28.5, 39.5)** 161.5 57.9 
Detention Basin 12, 193 14, 212 22.0 8.0 70.0 (40.0, 95.0) 29.7 (17.1, 38.2)** 230.0 72.8 
Green Roof 2, 20 5, 60 21.5 14.3 41.8 (22.0, 68.1) 25.0 (18.0, 28.2) 79.1 33.7 
Manufactured Device 39, 507 46, 593 44.3 26.3 87.7 (79.0, 95.0) 58.5 (52.8, 63.5)** 167.5 120.0 
Media Filter 28, 450 28, 406 40.0 7.0 77.3 (68.2, 86.0) 17.9 (15.0, 20.0)** 160.8 34.8 
Porous Pavement 12, 201 17, 261 27.0 9.0 57.6 (49.6, 66.0) 15.0 (12.5, 16.8)** 131.4 26.7 
Retention Pond 39, 574 40, 579 30.0 10.0 53.6 (49.0, 59.0) 21.2 (20.0, 23.0)** 110.0 40.0 
Wetland Basin 9, 177 9, 176 31.6 12.0 48.0 (40.6, 53.2) 22.0 (16.7, 24.3)** 87.3 33.3 
Wetland Channel 4, 107 4, 86 13.5 10.0 23.0 (16.0, 30.0) 15.6 (11.0, 20.0) 42.0 30.0 

*Computed using the BCa bootstrap method described by Efron and Tibishirani (1993) 
**Hypothesis testing in Attachment 3 shows statistically significant decreases for analyzed BMPs for total zinc. 
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2.4 Nutrients 

2.4.1 Phosphorus 

Figure 22. Box Plots of Influent/Effluent Total Phosphorus Concentrations 

 
 

Table 22. Influent/Effluent Summary Statistics for Total Phosphorus (mg/L) 

BMP Type 
Count of Studies 

and EMCs 
25th 

Percentile Median (95% Conf. Interval*) 75th 
Percentile 

In Out In Out In Out In Out 
Grass Strip 20, 358 20, 280 0.08 0.10 0.14 (0.11, 0.15) 0.18 (0.15, 0.20)*** 0.26 0.35 

Bioretention 18, 271 18, 249 0.06 0.05 0.11 (0.08, 0.12) 0.09 (0.07, 0.10) 0.22 0.20 
Bioswale 20, 331 22, 364 0.06 0.12 0.11 (0.09, 0.12) 0.19 (0.17, 0.20)*** 0.24 0.32 

Composite 9, 176 10, 153 0.17 0.08 0.36 (0.27, 0.40) 0.13 (0.11, 0.15)** 0.69 0.23 
Detention Basin 18, 250 19, 275 0.19 0.13 0.28 (0.25, 0.30) 0.22 (0.19, 0.24)** 0.51 0.36 

Green Roof 2, 22 5, 60 0.02 0.31 0.09 (0.02, 0.13) 0.50 (0.36, 0.72)*** 0.21 1.20 
Manufactured Device 45, 602 52, 641 0.09 0.06 0.19 (0.16, 0.22) 0.12 (0.10, 0.13)** 0.46 0.30 

Media Filter 28, 433 28, 403 0.10 0.05 0.18 (0.16, 0.19) 0.09 (0.08, 0.10)** 0.32 0.17 
Porous Pavement 13, 231 22, 389 0.09 0.05 0.15 (0.12, 0.16) 0.09 (0.08, 0.09)** 0.29 0.14 
Retention Pond 46, 657 48, 654 0.15 0.06 0.30 (0.27, 0.31) 0.13 (0.12, 0.14)** 0.53 0.23 
Wetland Basin 13, 282 13, 278 0.08 0.04 0.13 (0.11, 0.14) 0.08 (0.07, 0.09)** 0.20 0.15 

Wetland Channel 8, 167 8, 147 0.09 0.10 0.15 (0.13, 0.17) 0.14 (0.13, 0.17) 0.23 0.23 
*Computed using the BCa bootstrap method described by Efron and Tibishirani (1993) 
**Hypothesis testing in Attachment 4 shows statistically significant decreases for this BMP category. 
***Hypothesis testing in Attachment 4 shows statistically significant increases for this BMP category. 
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Figure 23.  Box Plots of Influent/Effluent Orthophosphate Concentrations 

 
 

Table 23.  Influent/Effluent Summary Statistics for Orthophosphate (mg/L) 

BMP Type 
Count of Studies 

and EMCs 
25th 

Percentile Median (95% Conf. Interval)* 75th 
Percentile 

In Out In Out In Out In Out 
Grass Strip 14, 274 14, 223 0.01 0.02 0.03 (0.03, 0.04) 0.06 (0.04, 0.07)*** 0.10 0.15 

Bioretention 13, 164 13, 164 0 0.01 0.01 (0.01, 0.02) 0.04 (0.02, 0.05)*** 0.05 0.16 
Bioswale 5, 140 7, 197 0.02 0.07 0.03 (0.02, 0.03) 0.12 (0.10, 0.13)*** 0.04 0.18 

Composite 4, 56 4, 47 0.07 0.03 0.09 (0.07, 0.12) 0.07 (0.04, 0.10) 0.19 0.14 
Detention Basin 2, 31 2, 31 0.28 0.22 0.53 (0.28, 0.82) 0.39 (0.24, 0.56) 1.26 1.03 

Green Roof 2, 21 4, 55 0.01 0.23 0.02 (0.003, 0.03) 0.46 (0.26, 0.68)*** 0.23 1.41 
Manufactured Device 14, 201 14, 185 0.05 0.02 0.21 (0.12, 0.25) 0.10 (0.06, 0.13)** 0.46 0.41 

Media Filter 9, 170 9, 157 0.02 0.01 0.05 (0.03, 0.06) 0.03 (0.02, 0.03)** 0.09 0.06 
Porous Pavement 7, 87 9, 112 0.02 0.03 0.05 (0.04, 0.06) 0.05 (0.04, 0.06) 0.08 0.09 
Retention Pond 27, 361 28, 357 0.06 0.02 0.10 (0.09, 0.11) 0.04 (0.03, 0.05)** 0.21 0.09 
Wetland Basin 5, 166 5, 161 0.03 0.01 0.04 (0.04, 0.05) 0.02 (0.01, 0.02)** 0.09 0.06 

Wetland Channel 3, 84 3, 63 0.01 0.04 0.03 (0.02, 0.04) 0.06 (0.04, 0.06)*** 0.06 0.08 
NA – not available or less than 3 studies for BMP/constituent. 
*Computed using the BCa bootstrap method described by Efron and Tibishirani (1993) 
**Hypothesis testing in Attachment 4 shows statistically significant decreases for this BMP category. 
***Hypothesis testing in Attachment 4 shows statistically significant increases for this BMP category. 
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Figure 24. Box Plots of Influent/Effluent Dissolved Phosphorus Concentrations 

 
 

Table 24.  Influent/Effluent Summary Statistics for Dissolved Phosphorus (mg/L) 

BMP Type 
Count of Studies 

and EMCs 
25th 

Percentile Median (95% Conf. Interval)* 75th 
Percentile 

In Out In Out In Out In Out 
Grass Strip 3, 21 3, 17 0.06 0.18 0.08 (0.05, 0.08) 0.25 (0.16, 0.26) 0.14 0.38 

Bioretention 1, 10 1, 10 0.11 0.07 0.25 (0.11, 0.43) 0.13 (0.05, 0.18) 0.46 0.19 
Bioswale 6, 66 6, 52 0.03 0.05 0.06 (0.04, 0.07) 0.07 (0.05, 0.11)*** 0.09 0.26 

Composite 7, 143 8, 142 0.08 0.05 0.16 (0.13, 0.19) 0.08 (0.06, 0.09)** 0.26 0.13 
Detention Basin 8, 91 9, 94 0.07 0.07 0.10 (0.08, 0.11) 0.11 (0.08, 0.12) 0.17 0.16 

Green Roof NA NA NA NA NA NA NA NA 
Manufactured Device 16, 239 23, 265 0.03 0.03 0.08 (0.05, 0.09) 0.06 (0.04, 0.07) 0.20 0.19 

Media Filter 13, 103 13, 96 0.05 0.04 0.08 (0.05, 0.09) 0.08 (0.06, 0.09) 0.15 0.14 
Porous Pavement 4, 114 5, 125 0.03 0.03 0.04 (0.04, 0.05) 0.05 (0.04, 0.05) 0.08 0.07 
Retention Pond 19, 379 20, 371 0.07 0.03 0.13 (0.11, 0.14) 0.06 (0.06, 0.07)** 0.21 0.14 
Wetland Basin 5, 114 5, 113 0.04 0.02 0.08 (0.06, 0.09) 0.05 (0.03, 0.06)** 0.13 0.13 

Wetland Channel 5, 92 5, 89 0.05 0.06 0.08 (0.07, 0.10) 0.09 (0.07, 0.10) 0.15 0.14 
NA – not available or less than 3 studies for BMP/constituent. 
*Computed using the BCa bootstrap method described by Efron and Tibishirani (1993) 
**Hypothesis testing in Attachment 4 shows statistically significant decreases for this BMP category. 
***Hypothesis testing in Attachment 4 shows statistically significant increases for this BMP category. 
 



 
International Stormwater BMP Database 

 
Pollutant Category Summary Addendum  Page 28 
July 2012 

2.4.2 Nitrogen 

Figure 25.  Box Plots of Influent/Effluent Total Nitrogen Concentrations 

 
 

Table 25.  Influent/Effluent Summary Statistics for Total Nitrogen (mg/L) 

BMP Type 
Count of Studies 

and EMCs 
25th 

Percentile Median (95% Conf. Interval)* 75th 
Percentile 

In Out In Out In Out In Out 
Grass Strip 8, 138 8, 122 0.80 0.80 1.34 (1.06, 1.50) 1.13 (1.00, 1.23) 2.04 1.55 

Bioretention 12, 218 12, 200 0.77 0.53 1.25 (1.06, 1.35) 0.90 (0.74, 0.99)** 1.99 1.54 
Bioswale 6, 181 8, 238 0.41 0.43 0.75 (0.60, 0.92) 0.71 (0.63, 0.82) 1.60 1.54 

Composite 3, 53 4, 64 1.75 1.25 2.37 (1.85, 2.75) 1.71 (1.45, 1.81)** 3.79 2.36 
Detention Basin 3, 52 3, 64 0.90 1.18 1.40 (1.03, 1.57) 2.37 (1.75, 2.69)*** 2.02 3.27 

Green Roof NA NA NA NA NA NA NA NA 
Manufactured Device 8, 133 8, 117 1.29 1.40 2.27 (1.98, 2.65) 2.22 (1.90, 2.41) 3.58 3.29 

Media Filter 5, 100 5, 87 0.67 0.46 1.06 (0.85, 1.25) 0.82 (0.68, 0.99)** 2.25 2.13 
Porous Pavement 1, 14 9, 136 1.20 0.73 1.26 (1.13, 1.38) 1.49 (1.28, 1.65) 1.42 2.28 
Retention Pond 19, 259 19, 272 1.05 0.86 1.83 (1.60, 1.98) 1.28 (1.19, 1.36)** 2.87 1.78 
Wetland Basin 6, 222 6, 223 0.80 0.89 1.14 (1.04, 1.28) 1.19 (1.04, 1.21) 1.90 1.66 

Wetland Channel 5, 83 6, 88 1.22 0.95 1.59 (1.38, 1.78) 1.33 (1.05, 1.56) 2.10 1.92 
NA – not available or less than 3 studies for BMP/constituent. 
*Computed using the BCa bootstrap method described by Efron and Tibishirani (1993) 
**Hypothesis testing in Attachment 4 shows statistically significant decreases for this BMP category. 
***Hypothesis testing in Attachment 4 shows statistically significant increases for this BMP category. 
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Figure 26.  Box Plots of Influent/Effluent Total Kjeldahl Nitrogen Concentrations 

 
 

Table 26.  Influent/Effluent Summary Statistics for Total Kjeldahl Nitrogen (mg/L) 

BMP Type 
Count of Studies 

and EMCs 
25th 

Percentile Median (95% Conf. Interval)* 75th 
Percentile 

In Out In Out In Out In Out 
Grass Strip 19, 350 19, 272 0.75 0.75 1.29 (1.15, 1.41) 1.09 (0.97, 1.12) 2.00 1.64 

Bioretention 14, 214 14, 201 0.54 0.32 0.94 (0.77, 1.04) 0.60 (0.46, 0.72)** 1.58 1.25 
Bioswale 17, 288 19, 324 0.31 0.29 0.72 (0.59, 0.85) 0.62 (0.50, 0.70) 1.48 1.10 

Composite 7, 130 9, 145 0.79 0.60 1.64 (1.33, 1.80) 1.02 (0.88, 1.14)** 2.96 1.50 
Detention Basin 11, 175 12, 185 0.90 0.89 1.49 (1.22, 1.59) 1.61 (1.16, 1.78) 2.70 2.71 

Green Roof 1, 15 3, 32 0.85 1.13 1.51 (0.70, 1.90) 1.75 (1.14, 2.35) 3.95 3.72 
Manufactured Device 24, 390 31, 433 0.83 0.73 1.59 (1.44, 1.73) 1.48 (1.32, 1.55) 2.82 2.45 

Media Filter 26, 411 25, 374 0.55 0.33 0.96 (0.85, 1.02) 0.57 (0.50, 0.61)** 1.77 1.10 
Porous Pavement 12, 224 23, 396 1.00 0.46 1.66 (1.40, 1.80) 0.80 (0.74, 0.90)** 2.50 1.30 
Retention Pond 36, 482 39, 496 0.78 0.73 1.28 (1.10, 1.33) 1.05 (0.98, 1.10)** 2.13 1.50 
Wetland Basin 6, 72 8, 184 0.58 0.76 0.95 (0.69, 1.10) 1.01 (0.92, 1.09) 1.32 1.29 

Wetland Channel 6, 122 7, 139 0.94 0.83 1.45 (1.30, 1.60) 1.23 (1.10, 1.30)** 2.00 1.60 
NA – not available or less than 3 studies for BMP/constituent. 
*Computed using the BCa bootstrap method described by Efron and Tibishirani (1993) 
**Hypothesis testing in Attachment 4 shows statistically significant decreases for this BMP category. 
***Hypothesis testing in Attachment 4 shows statistically significant increases for this BMP category. 
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Figure 27.  Box Plots of Influent/Effluent NOx as Nitrogen Concentrations 

 
 

Table 27.  Influent/Effluent Summary Statistics for NOx as Nitrogen (mg/L) 

BMP Type 
Count of Studies 

and EMCs 
25th 

Percentile Median (95% Conf. Interval)* 75th 
Percentile 

In Out In Out In Out In Out 
Grass Strip 20, 360 20, 287 0.20 0.14 0.41 (0.35, 0.46) 0.27 (0.24, 0.31)** 0.92 0.61 

Bioretention 17, 278 17, 259 0.16 0.11 0.26 (0.23, 0.27) 0.22 (0.19, 0.25)** 0.41 0.39 
Bioswale 20, 335 22, 372 0.11 0.13 0.30 (0.24, 0.33) 0.25 (0.20, 0.28) 0.62 0.47 

Composite 9, 157 10, 142 0.34 0.24 0.57 (0.45, 0.65) 0.40 (0.33, 0.46)** 1.08 0.82 
Detention Basin 13, 201 14, 213 0.22 0.10 0.55 (0.43, 0.63) 0.36 (0.24, 0.45)** 0.99 0.72 

Green Roof 2, 21 4, 55 0.07 0.06 0.39 (0.06, 0.68) 0.31 (0.10, 0.42) 0.89 1.55 
Manufactured Device 33, 504 40, 546 0.20 0.20 0.41 (0.36, 0.44) 0.41 (0.35, 0.44) 0.82 0.77 

Media Filter 27, 434 26, 391 0.20 0.28 0.33 (0.30, 0.35) 0.51 (0.46, 0.57)*** 0.58 0.90 
Porous Pavement 13, 229 23, 401 0.22 0.33 0.42 (0.34, 0.49) 0.71 (0.59, 0.77)*** 0.79 1.36 
Retention Pond 43, 639 43, 626 0.18 0.05 0.43 (0.40, 0.46) 0.18 (0.15, 0.20)** 0.82 0.45 
Wetland Basin 11, 245 11, 246 0.08 0.02 0.24 (0.19, 0.28) 0.08 (0.05, 0.11)** 0.50 0.28 

Wetland Channel 8, 149 8, 132 0.18 0.09 0.34 (0.27, 0.40) 0.19 (0.15, 0.22)** 0.74 0.55 
NA – not available or less than 3 studies for BMP/constituent. 
*Computed using the BCa bootstrap method described by Efron and Tibishirani (1993) 
**Hypothesis testing in Attachment 4 shows statistically significant decreases for this BMP category. 
***Hypothesis testing in Attachment 4 shows statistically significant increases for this BMP category. 
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Test Site Name: El Dorado Detention Basin B504-03-00

BMP Name: B504-03-00 Detention Basin

Description: Detention Basin (Dry) - Surface Grass-Lined Basin That Empties Out After A Storm

BMP Type: Detention Basin (DB)

Location: Houston, TX, 77059

Flow Type: Inflow

Analyte # Samples Median Minimum MaximumUnits

Monitoring Station: B504-03-00 Monitoring Station 1 (MS-1)

25th Percentile 75th Percentile

Cadmium, Dissolved ug/L 22 0.5 0.5 0.50.5 0.5

Cadmium, Total ug/L 22 0.5 0.5 0.50.5 0.5

Copper, Dissolved ug/L 22 2.85 1.5 6.92.3 4

Copper, Total ug/L 22 3.85 2.1 222.7 5.3

Enterococcus #/100mL 13 10100 119 437002248.25 20025

Escherichia coli #/100mL 13 30800 770 1986002300 44825

Fecal Coliform #/100mL 13 40000 4000 2800008750 77000

Hardness mg/L 22 102 17.7 24856 130

Kjeldahl nitrogen (TKN) mg/L 22 1.4 0.42 27.50.92 2.2

Lead, Dissolved ug/L 22 1 1 2.41 1

Lead, Total ug/L 22 1 1 7.91 1.9

Nitrogen, Nitrate (NO3) 
as N

mg/L 22 0.4 0.05 8.570.31 0.71

Nitrogen, Nitrite (NO2) 
as N

mg/L 22 0.08 0.02 1.320.04 0.38

Oil and Grease mg/L 12 2.5 1.63 6.222.5 3.49

Phosphorus as P, Total mg/L 22 0.64 0.11 8.440.27 1.49

Phosphorus, 
orthophosphate as P

mg/L 22 1 0.11 6.90.28 1.42

Suspended Sediment 
Concentration (SSC)

mg/L 22 22.35 6.02 20012.3 45.8

Total dissolved solids mg/L 22 162.5 41 467112 286

07-Sep-10 00115-WQSum



Flow Type: Inflow

Analyte # Samples Median Minimum MaximumUnits

Monitoring Station: B504-03-00 Monitoring Station 1 (MS-1)

25th Percentile 75th Percentile

Total suspended solids mg/L 22 27.4 6 20014 38

Zinc, Dissolved ug/L 21 6.5 2.4 41.65 11.05

Zinc, Total ug/L 22 11.75 5 1368.3 20.1

07-Sep-10 00115-WQSum



Flow Type: Outflow

Analyte # Samples Median Minimum MaximumUnits

Monitoring Station: B504-03-00 Monitoring Station 2 (MS-2)

25th Percentile 75th Percentile

Cadmium, Dissolved ug/L 22 0.5 0.5 0.50.5 0.5

Cadmium, Total ug/L 22 0.5 0.5 0.50.5 0.5

Copper, Dissolved ug/L 22 3.05 1.3 52.3 5

Copper, Total ug/L 22 3.7 1.5 122.2 5

Enterococcus #/100mL 13 2420 1 198600940 4800

Escherichia coli #/100mL 13 600 3 22800124.75 8600

Fecal Coliform #/100mL 13 6000 100 138000700 36750

Hardness mg/L 22 113.5 35 20583 155

Kjeldahl nitrogen (TKN) mg/L 22 2 0.34 78.60.98 2.78

Lead, Dissolved ug/L 22 1 1 21 1

Lead, Total ug/L 22 1 1 2.11 1

Nitrogen, Nitrate (NO3) 
as N

mg/L 22 0.28 0.06 1.370.1 0.63

Nitrogen, Nitrite (NO2) 
as N

mg/L 22 0.08 0.02 1.960.08 0.38

Oil and Grease mg/L 12 2.5 1.29 6.542.41 4.3

Phosphorus as P, Total mg/L 22 0.69 0.11 7.70.29 2.04

Phosphorus, 
orthophosphate as P

mg/L 22 1.03 0.14 3.380.25 1.25

Suspended Sediment 
Concentration (SSC)

mg/L 22 24.7 1.32 2776.37 31.1

Total dissolved solids mg/L 22 188 70.4 396138 235

Total suspended solids mg/L 22 18.5 2.5 1715 37

Zinc, Dissolved ug/L 22 7.85 5 21.45.8 12.9

Zinc, Total ug/L 22 9.41 5 206.7 13.4

07-Sep-10 00115-WQSum



Test Site Name: Hillsdale Drive Detention Basin

BMP Name: Hillsdale Detention Basin

Description: Detention Basin (Dry) - Surface Grass-Lined Basin That Empties Out After A Storm

BMP Type: Detention Basin (DB)

Location: Charlottesville, VA, 22901

Flow Type: Inflow

Analyte # Samples Median Minimum MaximumUnits

Monitoring Station: Inflow

25th Percentile 75th Percentile

Chemical oxygen demand mg/L 2 31.2 28.4 3428.4 34

Copper, Total ug/L 2 16 7 257 25

Lead, Total ug/L 2 53 6 1006 100

Nitrogen mg/L 2 3 3 33 3

Oil and Grease mg/L 1 2.5 2.5 2.5

Phosphorus as PO4, Total mg/L 2 1.55 1.1 21.1 2

Phosphorus, 
orthophosphate as PO4

mg/L 2 0.8 0.7 0.90.7 0.9

Total suspended solids mg/L 2 26.85 25 28.725 28.7

Zinc, Total ug/L 2 211 130 292130 292

07-Sep-10 00175-WQSum



Flow Type: Outflow

Analyte # Samples Median Minimum MaximumUnits

Monitoring Station: Outflow

25th Percentile 75th Percentile

Chemical oxygen demand mg/L 2 23.95 17.3 30.617.3 30.6

Copper, Total ug/L 2 12.75 0.5 250.5 25

Lead, Total ug/L 2 52 4 1004 100

Nitrogen mg/L 2 3 2 42 4

Oil and Grease mg/L 1 2.5 2.5 2.5

Phosphorus as PO4, Total mg/L 2 1.25 0.9 1.60.9 1.6

Phosphorus, 
orthophosphate as PO4

mg/L 2 0.85 0.8 0.90.8 0.9

Total suspended solids mg/L 2 56.4 37.4 75.437.4 75.4

Zinc, Total ug/L 2 180 80 28080 280

07-Sep-10 00175-WQSum



Test Site Name: Lexington Hills - Detention Pond

BMP Name: Lex Hills Pond

Description: Detention Basin (Dry) - Surface Grass-Lined Basin That Empties Out After A Storm

BMP Type: Detention Basin (DB)

Location: Portland, OR, 97204

Flow Type: Inflow

Analyte # Samples Median Minimum MaximumUnits

Monitoring Station: PondInlet

25th Percentile 75th Percentile

Arsenic, Dissolved ug/L 10 0.45 0.26 1.590.38 0.85

Arsenic, Total ug/L 10 1.19 0.5 3.640.74 1.92

BOD, non-standard 
conditions

mg/L 12 4 2 153 5.5

Cadmium, Dissolved ug/L 13 0.05 0.05 0.820.05 0.17

Cadmium, Total ug/L 13 0.2 0.05 2.590.05 0.56

Chemical oxygen demand mg/L 13 27 12 16021.25 36.25

Copper, Dissolved ug/L 13 2.04 1.36 9.651.65 3.55

Copper, Total ug/L 13 6.69 3.03 20.24.91 9.04

Hardness mg/L 13 21.5 20.2 53.720.7 25.97

Kjeldahl nitrogen (TKN) mg/L 13 0.73 0.47 2.920.61 0.87

Lead, Dissolved ug/L 13 0.05 0.05 0.050.05 0.05

Lead, Total ug/L 13 1.8 0.63 8.771.24 3.59

Mercury, Total ug/L 10 0.02 0 0.10 0.1

Nitrogen, ammonia as N mg/L 13 0.1 0.01 0.590.06 0.13

Nitrogen, Nitrate (NO3) 
as N

mg/L 12 0.24 0.13 10.19 0.31

Phosphorus as P, Total mg/L 13 0.15 0.07 0.410.1 0.26

Phosphorus, 
orthophosphate as PO4

mg/L 13 0.03 0.01 0.090.02 0.04

Settleable solids ml/L 10 50 0.11 2220.22 63

07-Sep-10 00240-WQSum



Flow Type: Inflow

Analyte # Samples Median Minimum MaximumUnits

Monitoring Station: PondInlet

25th Percentile 75th Percentile

Silver, Dissolved ug/L 7 0.05 0.05 0.10.05 0.05

Silver, Total ug/L 6 0.05 0.05 0.050.05 0.05

Total suspended solids mg/L 13 60.8 11 21433 107.75

Zinc, Dissolved ug/L 13 4.88 1.28 16.13.1 10.65

Zinc, Total ug/L 13 34.6 12.5 10323.05 54.23

Flow Type: Inflow

Analyte # Samples Median Minimum MaximumUnits

Monitoring Station: PondInletGrab

25th Percentile 75th Percentile

Dissolved oxygen (DO) mg/L 10 10.45 9.01 14.710.2 11.9

Escherichia coli #/100mL 10 505 10 5200140 1500

Fecal Coliform #/100ml 7 960 10 2800325 1950

Oil and Grease mg/L 10 2.5 2.5 61.32.5 4.3

pH SU 10 6.75 6 86.6 7

Specific conductance µmhos/c
m

10 40 30 17237 45

Temperature, water deg C 10 12.75 7.5 16.69.6 15.2

07-Sep-10 00240-WQSum



Flow Type: Outflow

Analyte # Samples Median Minimum MaximumUnits

Monitoring Station: PondOutlet

25th Percentile 75th Percentile

Arsenic, Dissolved ug/L 10 0.48 0.25 1.240.38 0.9

Arsenic, Total ug/L 10 0.94 0.43 2.70.65 1.84

BOD, non-standard 
conditions

mg/L 13 6 1 203 7.25

Cadmium, Dissolved ug/L 13 0.05 0.05 0.240.05 0.05

Cadmium, Total ug/L 13 0.1 0.05 0.430.05 0.19

Chemical oxygen demand mg/L 13 26 13 13015 36.5

Copper, Dissolved ug/L 13 2.98 1.25 8.841.58 4.81

Copper, Total ug/L 13 7.05 2.23 14.43.55 7.91

Dissolved oxygen (DO) mg/L 1 11.2 11.2 11.2

Escherichia coli #/100mL 1 720 720 720

Hardness mg/L 13 24 18.7 56.120 31.2

Kjeldahl nitrogen (TKN) mg/L 13 0.74 0.38 2.940.6 1

Lead, Dissolved ug/L 13 0.05 0.05 0.130.05 0.05

Lead, Total ug/L 13 1.28 0.43 3.590.63 2.2

Mercury, Total ug/L 10 0.02 0 0.10 0.1

Nitrogen, ammonia as N mg/L 13 0.07 0.01 0.530.03 0.11

Nitrogen, Nitrate (NO3) 
as N

mg/L 12 0.25 0.11 1.10.16 0.41

Oil and Grease mg/L 1 2.5 2.5 2.5

pH SU 1 6.7 6.7 6.7

Phosphorus as P, Total mg/L 13 0.14 0.05 0.30.11 0.17

Phosphorus, 
orthophosphate as PO4

mg/L 13 0.03 0.01 0.080.01 0.03

07-Sep-10 00240-WQSum



Flow Type: Outflow

Analyte # Samples Median Minimum MaximumUnits

Monitoring Station: PondOutlet

25th Percentile 75th Percentile

Settleable solids ml/L 10 58 0.07 1506 81

Silver, Dissolved ug/L 7 0.05 0.05 0.050.05 0.05

Silver, Total ug/L 7 0.05 0.05 0.050.05 0.05

Specific conductance µmhos/c
m

1 40 40 40

Temperature, water deg C 1 9.1 9.1 9.1

Total suspended solids mg/L 13 26 10 11411.5 54.97

Zinc, Dissolved ug/L 13 4.48 1.39 22.22.64 10.82

Zinc, Total ug/L 13 19.1 8.28 57.712.6 30.28

Flow Type: Outflow

Analyte # Samples Median Minimum MaximumUnits

Monitoring Station: PondOutletGrab

25th Percentile 75th Percentile

Dissolved oxygen (DO) mg/L 9 9.9 5.9 17.18.73 11.97

Escherichia coli #/100mL 9 310 10 340049.75 1975

Fecal Coliform #/100ml 7 430 9 350051.75 2200

Oil and Grease mg/L 9 2.5 2.5 15.152.5 3.89

pH SU 9 6.7 6.1 9.36.5 7.48

Specific conductance µmhos/c
m

9 53.7 30 14036.5 99

Temperature, water deg C 9 12.8 7.4 17.710.97 15.7

07-Sep-10 00240-WQSum



Test Site Name: NURP, Lansing MI, Dryer  Det.. Basin

BMP Name: Dryer Detention Basin

Description: Detention Basin (Dry) - Surface Grass-Lined Basin That Empties Out After A Storm

BMP Type: Detention Basin (DB)

Location: Lansing, MI, 48910

Flow Type: Inflow

Analyte # Samples Median Minimum MaximumUnits

Monitoring Station: Sample Dryer inlet

25th Percentile 75th Percentile

Alkalinity mg/L 2 93 87 9987 99

Arsenic, Total ug/L 1 3 3 3

BOD mg/L 2 4.38 4 4.754 4.75

Cadmium, Total ug/L 2 0.35 0.3 0.40.3 0.4

Chemical oxygen demand mg/L 2 30.56 30.12 3130.12 31

Chloride, Total mg/L 2 90.89 77 104.7877 104.78

Chromium, Total ug/L 2 11.75 4.5 194.5 19

Copper, Total ug/L 2 12.5 10 1510 15

Fluoride, Total mg/L 1 0.14 0.14 0.14

Iron, Total ug/L 2 891.67 783.33 1000783.33 1000

Kjeldahl nitrogen (TKN) mg/L 2 1.28 1.2 1.371.2 1.37

Kjeldahl nitrogen, 
Dissolved

mg/L 2 1.05 1 1.11 1.1

Lead, Total ug/L 2 33.94 33.89 3433.89 34

Mercury, Total ug/L 1 0.2 0.2 0.2

Nickel, Total ug/L 2 2.5 2 32 3

Nitrogen, ammonia as N mg/L 2 0.2 0.19 0.210.19 0.21

Nitrogen, Nitrite (NO2) + 
Nitrate (NO3) as N

mg/L 2 0.46 0.33 0.590.33 0.59

Oil and Grease mg/L 1 3 3 3

07-Sep-10 00293-WQSum



Flow Type: Inflow

Analyte # Samples Median Minimum MaximumUnits

Monitoring Station: Sample Dryer inlet

25th Percentile 75th Percentile

Organic carbon, 
Dissolved

mg/L 2 10 10 1010 10

Organic carbon, Total mg/L 2 13.57 13.14 1413.14 14

pH SU 2 7.6 7.56 7.637.56 7.63

Phosphorus as P, 
Dissolved

mg/L 2 0.03 0.02 0.050.02 0.05

Phosphorus as P, Total mg/L 2 0.12 0.1 0.150.1 0.15

Specific conductance µmhos/c
m

2 492.92 420 565.83420 565.83

Total dissolved solids mg/L 2 24.18 23.36 2523.36 25

Total solids mg/L 2 351.67 310 393.33310 393.33

Turbidity NTU 2 14 14 1414 14

Zinc, Total ug/L 2 90 70 11070 110

07-Sep-10 00293-WQSum



Flow Type: Outflow

Analyte # Samples Median Minimum MaximumUnits

Monitoring Station: Sample Dryer outlet

25th Percentile 75th Percentile

Alkalinity mg/L 2 101.42 89 113.8589 113.85

Arsenic, Total ug/L 1 3 3 3

BOD mg/L 2 3.8 3.6 43.6 4

Cadmium, Total ug/L 2 0.46 0.32 0.60.32 0.6

Chemical oxygen demand mg/L 2 35 32 3832 38

Chloride, Total mg/L 2 88.31 75 101.6275 101.62

Chromium, Total ug/L 2 4.88 3.77 63.77 6

Copper, Total ug/L 2 10 10 1010 10

Iron, Total ug/L 2 1194.23 888.46 1500888.46 1500

Kjeldahl nitrogen (TKN) mg/L 2 1.49 1.28 1.71.28 1.7

Kjeldahl nitrogen, 
Dissolved

mg/L 2 1.12 0.94 1.30.94 1.3

Lead, Total ug/L 2 29.81 19.62 4019.62 40

Mercury, Total ug/L 1 0.6 0.6 0.6

Nickel, Total ug/L 2 3.46 1.92 51.92 5

Nitrogen, ammonia as N mg/L 2 0.28 0.22 0.340.22 0.34

Nitrogen, Nitrite (NO2) + 
Nitrate (NO3) as N

mg/L 2 0.65 0.55 0.760.55 0.76

Oil and Grease mg/L 2 2.5 2 32 3

Organic carbon, 
Dissolved

mg/L 2 11.08 10.15 1210.15 12

Organic carbon, Total mg/L 2 15.42 11.85 1911.85 19

pH SU 2 7.66 7.56 7.757.56 7.75

Phosphorus as P, 
Dissolved

mg/L 2 0.03 0.02 0.030.02 0.03

07-Sep-10 00293-WQSum



Flow Type: Outflow

Analyte # Samples Median Minimum MaximumUnits

Monitoring Station: Sample Dryer outlet

25th Percentile 75th Percentile

Phosphorus as P, Total mg/L 2 0.13 0.12 0.150.12 0.15

Specific conductance µmhos/c
m

2 492.35 417 567.69417 567.69

Total dissolved solids mg/L 2 29.42 23.85 3523.85 35

Total solids mg/L 2 358.08 330 386.15330 386.15

Turbidity NTU 2 15.85 13.69 1813.69 18

Zinc, Total ug/L 2 150 60 24060 240

07-Sep-10 00293-WQSum



Test Site Name: Twin Towers

BMP Name: Twin Towers Dry Pond

Description: Detention Basin (Dry) - Surface Grass-Lined Basin That Empties Out After A Storm

BMP Type: Detention Basin (DB)

Location: Tallahassee, FL, 32399

Flow Type: Inflow

Analyte # Samples Median Minimum MaximumUnits

Monitoring Station: FCV Inflow

25th Percentile 75th Percentile

Arsenic, Total ug/L 5 0 0 00 0

Cadmium, Total ug/L 5 0.14 0.07 0.780.08 0.33

Chemical oxygen demand mg/L 5 39 16.89 45.8730.85 41.48

Chromium, Total ug/L 5 0 0 00 0

Copper, Total ug/L 5 0 0 19.980 14.17

Dibutyl phthalate ug/L 4 0.16 0.08 0.20.11 0.19

Diethyl phthalate ug/L 4 0.25 0 0.50 0.5

Dimethyl phthalate ug/L 4 0.22 0 0.50 0.47

Kjeldahl nitrogen (TKN) mg/L 5 0.43 0.14 0.720.28 0.63

Lead, Total ug/L 5 8.6 5.3 28.386.85 17.83

Nitrogen, ammonia as N mg/L 4 0.04 0.03 0.220.03 0.13

Nitrogen, Nitrate (NO3) 
as N

mg/L 4 0.2 0.07 0.340.1 0.31

Nitrogen, Nitrite (NO2) + 
Nitrate (NO3) as N

mg/L 4 0.23 0.07 0.550.1 0.44

Nitrogen, Nitrite (NO2) 
as N

mg/L 5 0 0 00 0

Oil and Grease mg/L 5 3 1.47 3.281.96 3.17

Organic carbon, Total mg/L 5 6.5 3.6 17.395.48 10.18

Phosphorus as P, Total mg/L 5 0.19 0.02 0.40.13 0.33

Phosphorus, 
orthophosphate as PO4

mg/L 5 0.07 0.01 0.30.05 0.17

07-Sep-10 00360-WQSum



Flow Type: Inflow

Analyte # Samples Median Minimum MaximumUnits

Monitoring Station: FCV Inflow

25th Percentile 75th Percentile

Total suspended solids mg/L 4 14.46 6.11 26.1210.25 20.33

Turbidity mg/L 4 8.69 7.35 21.627.38 15.79

Zinc, Total ug/L 5 18.16 17.5 66.7517.75 34.33

07-Sep-10 00360-WQSum



Flow Type: Outflow

Analyte # Samples Median Minimum MaximumUnits

Monitoring Station: Station A

25th Percentile 75th Percentile

Arsenic, Total ug/L 5 0 0 00 0

Cadmium, Total ug/L 5 0.1 0 0.40.08 0.25

Chemical oxygen demand mg/L 5 30 27 5527 44.5

Chromium, Total ug/L 5 0 0 00 0

Copper, Total ug/L 5 0 0 250 6.25

Dibutyl phthalate ug/L 4 0.2 0 0.20.1 0.2

Diethyl phthalate ug/L 4 0.25 0 0.50 0.5

Dimethyl phthalate ug/L 4 0.25 0 0.50 0.5

Kjeldahl nitrogen (TKN) mg/L 5 0.41 0.22 0.990.22 0.78

Lead, Total ug/L 5 5.3 3 284.2 16.75

Nitrogen, ammonia as N mg/L 4 0.04 0.01 0.340.01 0.21

Nitrogen, Nitrate (NO3) 
as N

mg/L 5 0.22 0.09 0.450.16 0.44

Nitrogen, Nitrite (NO2) + 
Nitrate (NO3) as N

mg/L 5 0.22 0.09 0.450.16 0.44

Nitrogen, Nitrite (NO2) 
as N

mg/L 5 0 0 00 0

Oil and Grease mg/L 4 2 0 30.5 3

Organic carbon, Total mg/L 5 6 4 84.75 6.5

Phosphorus as P, Total mg/L 5 0.19 0.07 0.360.09 0.28

Phosphorus, 
orthophosphate as PO4

mg/L 5 0.06 0.04 0.180.05 0.14

Total suspended solids mg/L 3 7.31 7 31.47.08 25.38

Turbidity NTU 3 9.5 3 31.64.62 26.08

Zinc, Total ug/L 5 10 10 3910 26.25

07-Sep-10 00360-WQSum



Test Site Name: Whitaker Ponds PRF

BMP Name: Whitaker PRF

Description: Detention - Underground Vault, Tank or Pipe(s)

BMP Type: Detention Basin (DU)

Location: Portland, OR, 97204

Flow Type: Inflow

Analyte # Samples Median Minimum MaximumUnits

Monitoring Station: SED1

25th Percentile 75th Percentile

Arsenic, Dissolved ug/L 3 0.56 0.55 0.960.55 0.86

Arsenic, Total ug/L 3 1.83 1.53 9.291.6 7.42

BOD mg/L 3 6 4 144.5 12

Chromium, Dissolved ug/L 3 1.56 1.3 2.411.36 2.2

Chromium, Total ug/L 3 44.6 27.9 29532.07 232.4

Copper, Dissolved ug/L 3 3.59 3.37 3.643.42 3.63

Copper, Total ug/L 3 23.5 18 99.519.38 80.5

Hardness mg/L 3 43.5 40.4 14541.18 119.62

Kjeldahl nitrogen (TKN) mg/L 3 1.02 0.88 2.490.91 2.12

Lead, Dissolved ug/L 3 0.18 0.16 0.750.16 0.61

Lead, Total ug/L 3 20.5 13.3 12315.1 97.38

Nickel, Dissolved ug/L 3 0.45 0.1 0.490.19 0.48

Nickel, Total ug/L 3 6.01 4.35 31.64.76 25.2

Nitrogen, Nitrate (NO3) 
as N

mg/L 3 0.26 0.2 0.270.21 0.27

Nitrogen, unionized 
ammonia (NH3) as N

mg/L 3 0.17 0.13 0.260.14 0.24

Oil and Grease mg/L 3 21.4 20.7 28.720.88 26.88

pH SU 3 8.2 7.9 8.27.98 8.2

Phosphorus as P, Total mg/L 3 0.37 0.25 1.50.28 1.22

07-Sep-10 00400-WQSum



Flow Type: Inflow

Analyte # Samples Median Minimum MaximumUnits

Monitoring Station: SED1

25th Percentile 75th Percentile

Phosphorus, 
orthophosphate as P

mg/L 3 0.05 0.03 0.070.03 0.07

Specific conductance µmhos/c
m

3 39 37 15237.5 123.75

Temperature, water deg C 3 7.5 6.1 10.66.45 9.83

Total solids mg/L 3 207 151 1130165 899.25

Total suspended solids mg/L 3 163 90.3 1040108.48 820.75

Zinc, Dissolved ug/L 3 2.74 2.25 4.572.37 4.11

Zinc, Total ug/L 3 105 87.7 44592.02 360

07-Sep-10 00400-WQSum



Flow Type: Outflow

Analyte # Samples Median Minimum MaximumUnits

Monitoring Station: SED2

25th Percentile 75th Percentile

Arsenic, Dissolved ug/L 3 0.55 0.54 0.860.54 0.78

Arsenic, Total ug/L 3 1.96 1.5 10.31.62 8.22

BOD mg/L 3 7 6 186.25 15.25

Chromium, Dissolved ug/L 3 1.31 1.22 1.381.24 1.36

Chromium, Total ug/L 3 44.4 26.8 36531.2 284.85

Copper, Dissolved ug/L 3 3.35 1.93 3.642.28 3.57

Copper, Total ug/L 3 24.5 18.7 11020.15 88.62

Hardness mg/L 3 44.1 39.7 16040.8 131.02

Kjeldahl nitrogen (TKN) mg/L 3 1.08 0.94 2.60.98 2.22

Lead, Dissolved ug/L 3 0.18 0.16 0.20.16 0.2

Lead, Total ug/L 3 21 13.9 14115.67 111

Nickel, Dissolved ug/L 3 0.48 0.1 0.510.19 0.5

Nickel, Total ug/L 3 6.54 4.43 35.34.96 28.11

Nitrogen, Nitrate (NO3) 
as N

mg/L 3 0.21 0.2 0.250.2 0.24

Nitrogen, unionized 
ammonia (NH3) as N

mg/L 3 0.18 0.16 0.210.16 0.2

Oil and Grease mg/L 3 9.2 7.9 9.68.23 9.5

pH SU 3 8.5 7.2 8.77.52 8.65

Phosphorus as P, Total mg/L 3 0.39 0.24 1.690.28 1.37

Phosphorus, 
orthophosphate as P

mg/L 3 0.04 0.03 0.070.03 0.06

Specific conductance µmhos/c
m

3 45 42 7542.75 67.5

Temperature, water deg C 3 6.1 6 10.46.02 9.32

07-Sep-10 00400-WQSum



Flow Type: Outflow

Analyte # Samples Median Minimum MaximumUnits

Monitoring Station: SED2

25th Percentile 75th Percentile

Total solids mg/L 3 214 156 1210170.5 961

Total suspended solids mg/L 3 163 91.5 1140109.38 895.75

Zinc, Dissolved ug/L 3 2.61 1.58 2.611.84 2.61

Zinc, Total ug/L 3 107 93.2 48396.65 389

07-Sep-10 00400-WQSum





 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix D - HydroQual Technical White Paper  

 

 

 

 



Developing Estimates of MS4 Load Reductions

TMDL development in the NY/NJ Harbor may involve the control of nutrients from diffuse

sources such as urban stormwater runoff.  The management of stormwater relies heavily on Best

Management Practices (BMPs).  The implementation of BMPs for the control of stormwater-

associated pollutants is part of promulgated Phase II stormwater regulations.    Phase II stormwater

regulations pertain specifically to Municipal Separate Stormwater Sewer Systems (MS4s).  MS4s are

regulated through the National Pollution Discharge Elimination System (NPDES).  NPDES permits

for MS4s require Stormwater Pollution Prevention Plans (SWPPPs) incorporating BMPs to achieve

six minimum control measures.

In general, BMP research is still a relatively young field and the number of studies is limited.  As the

number of studies increases, so will the confidence with which BMP performance can be reported.

HydroQual has consulted existing literature reviews that examine the range of nitrogen and carbon

runoff reductions associated with implementation of various programs and practices (e.g., the

National Pollutant Removal Performance Database developed by the Center for Watershed Protection

(Sept 2007) and O'Shea, M. L., Borst, M., and C. Nietch, The Role of Stormwater BMPs in

Mitigating the Effects of Nutrient Overenrichment in the Urban Watershed. In: Proceedings of the

9th Triennial International Conference on Urban Storm Drainage, September 8-13th, 2002,

Portland, OR, etc.).   

Based on an analysis of the existing literature reviews and expert opinions, HydroQual is pleased to

present the below technical memorandum recommending: 1) the level of nitrogen and carbon

reduction expected from the current MS4 requirements that should be incorporated into the

modeling analysis and 2) the plausible upper and lower limits of reduction for carbon and nitrogen

for targeted BMPs that could occur in the future. 

In summary the levels of reductions that we are suggesting include:



• HydroQual’s recommendations for the plausible upper and lower limits of reduction for

carbon for targeted BMPs that could occur in the future are 20% and 40%.  

• HydroQual’s recommendations for the plausible upper and lower limits of reduction for

nitrogen for targeted BMPs that could occur in the future are 24% and 56%. 

• HydroQual’s recommendation for the level of nitrogen and carbon reduction expected from

the current MS4 requirements that should be incorporated into the modeling analysis is 0%.

The technical basis for the recommended reductions is described more fully below.

Literature Review

As identified in O’Shea et al. 2002, there are two currently available stormwater BMP databases:

the International Stormwater BMP database (ASCE 2001) and the Center for Watershed

Protection’s (CWP) National Pollutant Removal Performance Database for Stormwater

Treatment Practices (Winer 2000).  Both of these databases have been continually upgraded and

updated since being identified by O’Shea et al., in 2002.  Further, there are repetition and overlap

between these databases.  Each of the databases is described more fully below.  Some general

problems with both databases include:

• Reported removals are widely variable and considerable effort was expended by

HydroQual in attempting to “tease out” appropriate ranges for NY/NJ Harbor.  

• The variability of the data across forms of nitrogen dictated a separate consideration of

each nitrogen species.

• Available documents summarizing the databases often omitted an analysis for carbon

removal efficiencies.  

International Stormwater BMP Database (ASCE 2001)

The National Stormwater BMP database is a joint effort between the American Society of Civil

Engineers (ASCE) and USEPA and a number of other government agencies and professional

societies.  At the time of the O’Shea et al. 2002 review, the BMP database included detailed site,

watershed, and removal data on approximately 135 BMPs nationally.  This database is for the

most part event mean and mean concentration based, rather than total mass loading based.  In

other words, changes between inflow and outflow of BMP’s are reported as changes in event

mean and mean concentrations rather than as changes in mass loadings.  The National

Stormwater BMP Database is currently under revision and is now the International Stormwater

BMP Database.  The contractors performing the revision are Wright Water Engineers, Inc., and

Geosyntec Consultants.  Based upon personal communications with the contractors, the fully

updated database and online query functions, Version 5, will soon be fully available at



www.bmpdatabase.org.  HydroQual downloaded the database as available in December 2007. 

Data are presented based on a statistical analysis showing median and quartile removal values

for groupings of types of stormwater BMPs.  Findings are described below following a

discussion of another readily available database.

Center for Watershed Protection’s (CWP) National Pollutant Removal Performance Database for

Stormwater Treatment Practices (Winer 2000)

The CWP Performance Database summarized findings from 153 studies at the time of the

O’Shea et al.2002 review.  The publicly available Version 2 of this database (March 2000)

includes 139 studies.  Version 3 of the Database was last updated in September 2007.  27 studies

published through 2006 were added to the database.  Access is through www.cwp.org and

www.stormwatercenter.net.  The Version 3 data are presented based on a statistical analysis

showing median and quartile removal values for groupings of types of stormwater BMPs.  In this

database, mass or load-based removal efficiencies are emphasized rather than concentration-

based measurements when both types of measurements are available.  HydroQual reviewed

summaries of each of the 139 studies in Version 2 and attempted to review a large number of the

27 studies added for Version 3.  Our findings are described in greater detail below.  

Database Findings and Application to NY/NJ Harbor

Findings from searches of both databases are summarized below by nutrient.

Organic Carbon (TOC, BOD5, COD)

For expected carbon removals for stormwater, we considered database information reported for

organic carbon, BOD5, and COD.  The National Pollutant Removal Performance Database,

Version 3 September, 2007 by the Center for Watershed Protection does not report summary

statistical analyses for BMP removals of either BOD5, COD, or organic carbon from stormwater. 

HydroQual therefore had to examine the 166 BMP performance studies incorporated in the

database individually.  Fortunately, within the database, HydroQual identified 44 BMP studies

that reported removal efficiencies for one or both of BOD5 and TOC.  This number is higher

when COD is also included, about 56% of the studies.  In version 2 of the database, almost all of

the studies reporting carbon removals were conducted prior to 1996.  Newer results examined

were comparable.  HydroQual took advantage of an excellent summary document (Center for

Watershed Protection 1996) that summarized stormwater carbon removal performance.

According to the Center for Watershed Protection, “the ability of urban stormwater management

practices to remove organic carbon or oxygen demanding material, while quite variable, was

generally fairly modest, with median removal rates on the order of 20 to 40%.  A noticeable



exception was water quality swales, which exhibited median removal rates in excess of 65%.  It

should be noted that some variability in carbon removal rates could be due to lumping of total

organic carbon, BOD, and COD together.”  More specific information presented by the Center

(see Table 3.6 of Winer 2000 and Table 3 of Center for Watershed Protection 1996) shows

median removals for stormwater carbon for selected practice groups as 43% for wet ponds, 25%

for dry ponds, 18% for wetlands, 54% for filtering practices, 88% for infiltration, 69% for

swales, and 18% for ditches.

Unfortunately, the summary literature for the International Stormwater BMP Database (see

GeoSyntec 2006) did not include a summary for organic carbon removal efficiencies.  With the

BMP database website still under development, HydroQual had to develop its own queries of the

database.  Many of the studies in this database overlapped with those from the Center for

Watershed Protection database so we did not view this effort necessarily as generating new

information, but rather as an additional check.  For the sake of carbon removal efficiencies, we

relied more heavily on the published Center for Watershed Protection results which are based on

mass removal.

With the International Stormwater BMP Database, HydroQual performed queries with Microsoft

Access specifically for carbon.  174 records were identified collectively for several parameters

(i.e., BOD5, TOC, COD) representing carbon.  The 174 records included many different types of

structural BMPs (i.e., detention basins, biofilters, hydrodynamic devices, media filters, retention

ponds, wetland basins, wetland channels, etc.).  There were instances of negative median

removals for carbon within these records; however, collectively when median carbon removals

were positive (i.e., 95 records) the medians averaged 38%, supporting the 20% to 40% identified

by the Center for Watershed Protection.

Accordingly, HydroQual’s recommendations for the plausible upper and lower limits of reduction

for carbon for targeted BMPs that could occur in the future are 20% and 40%.  Further,

HydroQual’s recommendation for the level of carbon reduction expected from the current MS4

requirements that should be incorporated into the modeling analysis is 0% based on the fact that

only a handful of carbon removal efficiency measurements in either the Center for Watershed

Protection National Pollutant Removal Performance Database for Stormwater Treatment

Practices or the International Stormwater BMP Database are reported for projects in New York,

New Jersey, and Connecticut.  Further, the limited projects in the three States are not proximal to

the NY/NJ Harbor and were conducted prior to 1995 when the SWEM field program was

conducted and are structural in nature and therefore are not reflective of the incidental benefits of

simply having MS4 requirements in place.  These projects include: the Vortechs TM Stormwater



Treatment System in the Marine Village Watershed in Lake George, New York (BOD5, only 2

events, dates not specified); a stormwater wet pond in Buckland, Connecticut (TOC, 7 events, 1989);

and a stormwater wet pond in Unqua, New York (TOC, 8 events, 1983).      

Nitrogen

The September 2007 National Pollutant Removal Performance Database Version 3 provides

summary statistical information for measured load-based BMP removal efficiencies for total

nitrogen, and nitrate plus nitrite nitrogen.  These summary results are shown in Table 1.  As

shown in Table 1, broadly, with a great deal of variability and uncertainty, BMP’s generally

achieve 24% to 56% removal of total nitrogen from stormwater and -14% to 67% removal of

nitrate and nitrite nitrogen from stormwater. 

Table 1.

Summary of Measured Load-Based BMP Removal Efficiencies for Nitrogen

Center for Watershed Protection, September 2007

BMP TOTAL NITROGEN 

25TH & 75TH PERCENTILE  

AND MEDIAN

REMOVAL EFFICIENCY 

NITRATE + NITRITE 

25TH & 75TH PERCENTILE

AND MEDIAN

REMOVAL EFFICIENCY

Dry pond (7 studies) 5 & 31 %; 24% -2 & 36 %; 9%

Wet pond (22 - 29 studies) 16 & 41 %; 31% 24 & 67 %; 45%

Wetlands (24 - 33 studies) 0 & 55 %; 24% 22 & 80 %; 67%

Filtering (9 - 14 studies) 30 & 47 %; 32% -70 & 21%; -14%

Biorention (8 - 9 studies) 40 & 55 %; 46% 16 & 67%; 43%

Infiltration (5 - 7 studies) 2 & 65 %; 42% -100 & 82 %; 0%

Open channels (9 -16 studies) 40 & 76 %; 56% 14 & 65 %; 39%

The Center for Watershed Protection (Winer 2000) offers that differences in total nitrogen and

nitrate plus nitrite nitrogen removals relate to nitrate and nitrite nitrogen being soluble.  The

solubility of nitrate and nitrite nitrogen also explains the large differences (i.e., -14% to 67%) in

median removals across BMP methods.  The Center (1996b) also suggests the concept of an

“irreducible concentration” for nitrogen in stormwater.  The existence of an irreducible

concentration for nitrogen suggests that there are practical limits to improving treatment

efficiency with additional stormwater practices after a certain point.



The Analysis of Treatment System Performance for the International Stormwater BMP Database

for 1999-2005, prepared by GeoSyntec Consultants in 2006, provides summary statistics for total

nitrogen, total Kjeldahl nitrogen (i.e., organic nitrogen and ammonia nitrogen), nitrate nitrogen,

and nitrate plus nitrite nitrogen.  The statistics include 95% confidence intervals and medians for

average effluent and effluent event mean concentrations.  For both average effluents and event

mean concentrations, it is noted whether or not there is a significant difference between effluent

and influent concentrations.  These findings are summarized in Table 2.

Table 2

Summary of Statistically Significant Differences (Yes/No) 

Between BMP Influents and Effluents for Nitrogen

International Stormwater BMP Database 1999-2005

GeoSyntec Consultants & Wright Water Engineers, Inc., February 2006

BMP TOTAL

NITROGEN

KJELDAHL

NITROGEN

NITRATE

NITROGEN

NITRATE +

NITRITE

NITROGEN

Detention Basin No No No No

Biofilter No No No No

Hydrodynamic

Device

No No No No

Media Filter No No No No

Retention Pond No Depends on

average or EMC

Depends on

average or EMC

Depends on

average or EMC

Wetland Basin No Depends on

average or EMC

Depends on

average or EMC

Depends on

average or EMC

Wetland

Channel

Depends on

average or EMC

No No Not

Reported

The wide range of load-based removal efficiencies developed by the Center for Watershed

Protection (Table 1) and the lack of statistically significance differences between nitrogen BMP

influents and effluents calculated by GeoSyntec Consultants (Table 2) are both indicative that we

can’t estimate reliably expected removals for nitrogen or forms of nitrogen from stormwater

either now as a result of MS4 actions since 1995 or in the future as a result of targeted BMP

initiatives.  On this basis, HydroQual does not recommend introducing nonpoint source loading



reductions for nitrogen based on BMPs into SWEM TMDL simulations for the NY/NJ Harbor,

particularly for current MS4 commitments.  For purposes of bounding future removals, the

GeoSyntec calculations suggest that retention ponds and wetland basins might be the most

promising for removing nitrogen from stormwater.  The Center for Watershed Protection results

suggest that bioretention and open channels are promising nitrogen removers. 

Regarding the most local results (i.e., NY, NJ, and CT), the Center for Watershed Protection

database includes a wet pond in Buckland, Connecticut (1989; 7 storms; 24% total Kjeldahl

nitrogen mass removal and 22% nitrate plus nitrite mass removal).  The International BMP

Database includes two local projects: Marine Village Watershed Lake George, New York

Vortechs TM System (9 samples, negative total nitrogen concentration removal, influent and

effluent median concentrations not statistically different) and Timothy Edwards Middle School

South Windsor, Connecticut Vortechs 5000 System (53 samples, 60% nitrate concentration

removal, influent and effluent median concentrations statistically different, 57% ammonia

median concentration removal, influent and effluent median concentrations statistically different,

10% median total Kjeldahl nitrogen concentration removal, influent and effluent median

concentrations not statistically different).

HydroQual’s recommendation based on the available data, with caveats as discussed above, for

the plausible upper and lower limits of reduction for nitrogen for targeted BMPs that could occur in

the future are 24% and 56%.  Further, HydroQual’s recommendation for the the level of nitrogen

reduction expected from the current MS4 requirements that should be incorporated into the

modeling analysis is 0%, based on the highly structural/deliberate nature of the BMPs for which

removal efficiency data are available and the uncertainties in the reported removals.
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