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VERMONT AVENUE  

Stormwater Capture and Green Street Project 

Project Overview 

For over half a century, street construction and improvement projects have focused on improving 

automotive mobility and minimizing flood risk at the expense of the environment. Rivers and 

streams have been contained into underground pipes and concrete channels. Pervious areas that 

were once covered in vegetation have been hardened and graded to convey water off of property as 

soon as possible. With the City of Los Angeles’ increasing focus on a multi-benefit low impact 

development approach to new and redeveloped private parcels within the city, along with the 

development of our Green Streets in the public rights-of-way, our street improvements can focus on 

enhancing non-motorized mobility while reintroducing natural elements into urban areas and 

promoting the benefits of water quality, flood control, and street beautification. A Green Street is a 

street that uses vegetated facilities to manage stormwater runoff at or near its source, and is 

considered a sustainable stormwater strategy for meeting regulatory compliance and resource 

protection goals.  By using a natural systems approach to manage stormwater, reduce flows, 

improve water quality and enhance watershed health, the proposed Vermont Avenue Stormwater 

Capture & Green Street Project will be designed to maximize these benefits in a low-tech, cost-

effective manner while collecting data to inform future street construction, retrofit, and 

improvement projects implemented city-wide.  

The Vermont Avenue Stormwater Capture and Green Street Project (Project) will implement a 

series of stormwater best management practices (BMPs) along a half-mile segment spanning from 

Gage Avenue to Florence Avenue of an area known as the Vermont Corridor in South Los Angeles. 

BMPs that filter and/or infiltrate stormwater will also be installed in three prioritized sub-

watersheds that terminate at storm drains near the eastern flow line of Vermont Avenue. These 

subwatershed areas were prioritized based on criteria that will contribute to project success, 

including acreage of tributary, pollutants to be captured, available space in the public right-of-way, 

land-use, and community visibility (proximity to busy intersection and presence of schools and 

other community hubs). From north to south, the areas chosen include a 4.7 acre subwatershed at 

the southeast corner of Vermont Avenue and Gage Avenue (Area A), a 16.9 acre subwatershed at 

68th Street (Area B), and a 17.4 acre area from 70th street to Florence Avenue (Area C). The capture 

goal for these areas is to detain and to filter or infiltrate the ¾” inch design storm for Area A, and 

the ¾” design storm runoff from the public right-of-way, including sidewalks, parkways, and streets 

in Areas B and C. To the maximum extent feasible within the constraints of the existing utility and 

roadway infrastructure, Green Street features will  be placed along both the east and west sides of a 
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half-mile stretch of Vermont from Gage Avenue to Florence Avenue, but will be prioritized in areas 

on the eastern side as these receive the greatest flow volume. A bio-filtration island at the 

intersection of Gage Avenue and Vermont Avenue has also been identified for additional treatment 

and greening in Area A. 

This project will result in the installation of City of Los Angeles’ Green Street Standard Plans and 

other BMPs within the public right-of-way. These Green Street Standard Plans are construction 

design details for Green Street elements that incorporate stormwater “best management practices,” 

or BMPs, and have been pre-approved by the City of Los Angeles. Some examples of these Standard 

Plans are major and local street parkway swales, an alley infiltration system, a drywell, and tree-

well watering devices. New standards developed with this project will lead to the development of 

new Green Street Standard Plans. 

Complete Project costs are estimated to be approximately five-million dollars. The Project will 

assess BMP cost effectiveness, community response, and environmental enhancement through 

community outreach and surveys. The data collected will lead to the further development of this 

corridor and regional distributed BMP measures, such as the installation of Green Street Standard 

Plan BMPs that will be applied to other streets.  This effort will be enhanced by a planning effort 

called the “Greenways to Rivers Arterial Stormwater Greenway System” or “GRASS”, which is based 

on the integration of stormwater BMP’s built on local, collector, and highway streets and extended 

to a citywide scale. Results of this project will also aid the City in estimating the capacity for green 

streets standards to be implemented on other major, secondary, and collector streets throughout 

the City. This project will also serve as a demonstration of various new Green Street BMPs to  

determine factors that will contribute to their effectiveness and aid the City in proposing these 

features for future projects. Performance of these BMPs will be assessed through water quality 

sampling and monitoring. 

This project also seeks to increase public interest and to encourage stewardship of the project 

through education and engagement of the community. Education efforts will focus on local schools, 

including both students and parents, and will serve as an avenue to reach the larger community. 

Community meetings and other outreach events will also be held. This project outreach will provide 

resources that support the installation of community-based BMPs such as downspout disconnect on 

private property. Community surveys will be used to gage response and measure success of these 

efforts.  

 

Project Area 

This project is in an area bordered by Vermont Avenue to the west, Hoover Avenue to the east, 

Florence Avenue to the south, Gage Avenue to the North. The sub-watershed area evaluated in the 

project is approximately 100 acres and is tributary to the Ballona Creek watershed. The Vermont 

Stormwater Capture and Street Project will examine eight 300+/- linear foot blocks on the east and 

west sides of Vermont Avenue (5000 LF total, approximately one-half mile on each side) from Gage 
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Avenue to Florence Avenue for retrofit, as well as side streets to the East of Vermont between 

Vermont and Hoover in South Los Angeles.  

This project is sited on and adjacent to Vermont Avenue because it is an important thoroughfare in 

the City of Los Angeles. Vermont Avenue is located 0.6 miles west of the Harbor freeway.  Vermont 

Avenue is over 23.3 miles in length, and it is a landmark as one of the longest streets in Los Angeles 

with its northern origination on Vermont Canyon Road at the Griffith Park Observatory.  Southward, 

and straddling both the Los Angeles River and Santa Monica Bay watersheds, it terminates at 

Anaheim street, on the border of Kenneth Malloy Harbor Regional Park, the site of a major City of 

Los Angeles [Proposition O] Project. From the north end, the route southward towards Barnsdall 

Art Park intersects with Hollywood Boulevard, Sunset Boulevard, the US 101 (Hollywood) and 405 

freeways, and passes through Koreatown and Little Armenia before reaching Gage Avenue, at the 

northern end of the project. At this point, Vermont Avenue widens to a three lane road in each 

direction due to a remnant from a former rail line along its median. The cross section of Vermont 

Avenue widens to 180-feet wide within the project area. Here lateral frontage roads were 

previously proposed by the Community Redevelopment Agency (CRA) to be added to the width of 

the median space to allow construction of a public park down the center of Vermont Avenue. Due to 

state budget cut issues, the CRA has been dissolved, and funds that were acquired for this project 

have been reallocated by the State.  Regardless, the subject project proposal for the parkways and 

sidewalks, which were reviewed and embraced by the former CRA as an enhancement to their 

plans, will be designed and constructed without the CRA central median project .  

 

 

 

Project Objectives 

The primary goals of this project are to: 

 Create a model for a cost-effective green street installation and community 

involvement that can be repeated and used on city-wide applications.   

 Demonstrate water quality capture and/or treatment measures on a major highway 

and its tributary sub-watersheds 

 Propose a capacity of treatment for distributed measures that provides the greatest 

benefit and cost-effectiveness 

Design Objective: The proposed Vermont Avenue Stormwater Capture & Green Street 

Project will be designed to maximize water quality and aesthetic benefits in a simple, low-

cost manner, while collecting valuable data to inform future street construction, retrofits, 

and improvement projects that will be implemented separately, and at a city-wide scale.  



VERSION 3.15.2013 

Vermont Avenue Stormwater Capture and Green Street Project  5 

Street lengths in the entire  

City of Los Angeles*: 

Street Type Miles  
Major 893.41 
Secondary 645.26 
Collectors 990.71 
Local 4251.06 
Private 118.26 
Undedicated/ Proposed 133.80 
Unknown/ Closed 69.09 
Alleys 245.00 
*extracted from GIS  

 

 Develop and test scalable improvements that will be integrated with standard BMP 

plans and applied at the regional level 

 To develop and refine new means of improving water quality in the receiving 

waterbodies 

 To improve the water quality of storm flows to the stormwater system 

 To educate the adjacent community on water quality, stormwater, and biodiversity 

 To engage the local community and to encourage stewardship of the project, while 

encouraging voluntary efforts to capture stormwater on private properties (LID) 

and which further reduces runoff volumes 

 To beautify and enhance existing circulation along the targeted stretch of Vermont 

Avenue by adding trees and vegetation 

The Vermont Avenue Water Capture and Green Street Project will provide a multi-benefit greening 

retrofit of the public right-of-way bordering Vermont Avenue by installing Green Street Standard 

Plans and other best management practices (BMPs) combined and configured to maximize both 

pollutant removal and cost-effectiveness. These BMPs will be open to stormwater inflow allowing a 

natural reintroduction of hydrology into the impervious urban hardscape. Dry-weather runoff 

conveying pollution in street gutters will enter the BMPs via curb inlets and will be sequestered in 

vegetation (which will eventually be removed and replaced), or removed with sediments. Excess 

wet weather runoff will overflow to the existing street or catch basin. This project aims to provide 

tree-shaded “walkable” and safe streets, lined with curbside plant enhancements and healthy soils 

that are available to serve as bio-filters and pedestrian walkway buffers. This project will build 

upon lessons learned from other projects 

implemented in Los Angeles, and will follow local 

Green Street pilot installations at Oros Street, 

Elmer Avenue and Riverdale Avenue. It will enable 

a sequential evaluation of distributed BMPs from a 

cost-benefit and feasibility standpoint at the scale 

of a major transportation corridor. The project will 

target capacities for unit BMP installation in the 

public right-of-way to meet or exceed the runoff 

volume of a 3/4 inch design storm in a 24-hour 

period from the sidewalk, parkways, and adjacent 

roadways. Though this goal has been met or 

exceeded on local Green Street pilot projects at a 

small scale, to date, a larger highway or collector 

scale Green Street pilot project that meets design storm criteria has not been completed in the Los 

Angeles area. 

In addition, the project will utilize concurrent modeling efforts offering available, and/or public 

domain stormwater modeling tools to predict both BMP effectiveness and target locations of 



VERSION 3.15.2013 

Vermont Avenue Stormwater Capture and Green Street Project  6 

regional and distributed BMPs throughout the Los Angeles county watershed (such as the 

Structural BMP Prioritization and Assessment Tool (SBPAT) Model, City of Los Angeles/Geosyntec 

and the Sustain Model, Los Angeles County/TetraTech). The completed Vermont Avenue project 

will identify average cubic feet of runoff capture and filtration volumes available per linear foot of 

this scale of roadway, which may then be used to develop and propose new projects.  Costs per 

linear foot for the construction and maintenance of distributed BMPs will be estimated and refined 

over time as projects accrue, age, and overall benefits are assessed. Project design and flow 

monitoring will help to determine average street type capacities, and once these are known, and a 

TMDL water quality link to runoff volume is established, the quantities can be applied to a system 

of identified stormwater greenways of known street lengths (such as GRASS),  enabling the 

remaining regional and distributed treatment requirements and costs to be calculated. 

 

In addition to enhancing water quality, the project intends to be a demonstration the value of 

multiple-benefits for heat island reduction, pedestrian safety, business/economic and aesthetic 

enhancements. This project integrates work done through the Living Streets Initiative, and 

Awahanee Principles. Like most areas of the city, the watershed drainage area along the project 

area is highly impervious and without modification, will continue to produce the local flooding and 

ponding conditions seen in the attached photos taken following recent rain events. These ponding 

problems will be reduced or alleviated in the project installation where BMPs are located.  

 

         

         

         

Photos: Existing wet-weather flooding and ponding along the proposed Vermont Avenue Project Site 

 

 

 

 

The project also seeks to: 
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 Identify BMP costs and storage capacities for the Green Street Standard Plans as 

implemented 

 Identify design opportunities to improve BMP implementation, and improve cost 

value 

 Evaluate the potential for treatment and capture on a major street 

 Provide public safety, health and environmental benefits 

 Integrate community education and public/partner objectives 

 

Opportunities 

This project will provide an educational opportunity for both the project partners and the 

community. Through this project, we will not only examine effectiveness of BMPs and build upon 

the knowledge gained from other existing projects, but we will explore more cost-effective means of 

accomplishing our water quality goals. We can also learn lessons of how to design and site BMPs to 

maximize effectiveness based on both the structural requirements and the social climate of a 

particular subwatershed.  This project is an opportunity to evaluate the pollutant removal and 

volume reduction benefits of a regional and distributed BMP approach, as well as its operations and 

maintenance.  Unlike regional BMP measures that are customized for a particular site, and that offer 

the advantages of open space and/or prime locations to filter and or infiltrate greater volumes of 

runoff, these distributed BMP measures are composed of smaller scale units that are applied at a 

watershed scale and aim to filter or infiltrate runoff nearer to its source.  The individual BMP units 

seek to detain and infiltrate or filter the ¾” targeted volume of runoff from the adjacent street cross 

section, plus some level of additional capacity. Understanding the costs and volumes of each Green 

Street Standard Plan per linear foot (LF) of installed length allows their benefits to be projected 

over miles of targeted city street types. Research has shown that the use of small-scale 

decentralized capture and/or treatment devices can decrease the need to purchase expensive 

urban land, or to rely on scarce publicly-owned land for centralized facilities.1 

 

Targeted BMP unit volumes will follow the accepted 85th percentile, or 3/4” (SUSMP) event runoff 

from the adjacent sidewalks, curb and gutter, roadway paving and out to the street centerline. Some 

of the local scale Green Street improvement projects have easily surpassed this target volume due 

to narrower street widths, and fewer infrastructure and utility requirements.  Due to a former rail 

line located along the median within the project boundaries, Vermont Avenue currently has up to 

ten driving and/or turn lanes within the project cross section making it extremely challenging to 

realistically and cost-effectively achieve the 3/4” target volume.  However, certain aspects of the 

existing infrastructure may be retained and utilized to implement green streets elements. For 

                                                 
1
 Baerenklau, Kenneth A., et. Al Capturing Urban Stormwater Runoff: A Decentralized Market-based 
Alternative. Policy Matter: A quarterly Publication of the University of California Riverside Vol. 2 issue 3 
Fall 2008 
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instance, medians can be retained to provide pedestrian refuges, shading and green space. Narrow 

frontage islands along Vermont without pedestrian traffic can be converted to planted bioretention 

areas to accept and filter street flows. The project capacity will also be extended beyond the major 

highway by using stormwater BMPs in parkways on side streets and in alleys, as well as by use of 

novel engineering strategies that may improve the current BMP effectiveness and reduce costs. 

SUSMP and site-specific stormwater mitigation plans will continue to be incorporated into new 

development project plans in the watershed, and public education stemming from this project is 

expected to increase voluntary on-site runoff containment measures on private property, such as 

rain gardens, downspout disconnections, rainbarrels, and cisterns.  
 

Constraints 

Practical constraints that will influence cost-effectiveness and will be encountered in the Vermont 

Project include concurrent project schedules (i.e. the Department of Transportation’s Bike Lane 

Project, LAUSD’s elementary school construction, and ongoing roadway replacement), 

neighborhood and city council priorities, physical site constraints and funding.  The project team 

anticipates the largest constraints on a major highway will be the available areas for installation 

due to linear and transverse utilities and roadway structures.  The project team plans to 

compensate for these constraints by encouraging and implementing decentralized BMPs within the 

subwatersheds to reduce runoff volumes in order to maximize the effectiveness of structural BMPs 

installed along Vermont Avenue.  

Other potential constraints include: 

 Suitable soils infiltration rates. All detention facilities shall be designed to drain 

within 48-hours to minimize vector control and reduce human health-safety 

concerns 

 Construction, operation and maintenance of the BMPs These constraints shall be 

considered in project design. The project area encompasses multiple 

owner/operators with varying levels of commitment to aesthetics 

 Seasonal rainfall patterns that will either improve or diminish the BMPs efficiency 

Watershed Characteristics 

Reaches of Vermont Avenue are tributary to both Ballona Creek and Los Angeles River watersheds.  

However, the project location drains entirely to the Ballona Creek watershed which also receives 

runoff from 128 square miles of various land uses, several cities, state and county lands all 

discharging into Santa Monica Bay via Ballona Creek.  These flows bypass the estuary and Marina 

del Rey harbor before entering Santa Monica Bay.  The Ballona watershed boundaries are shared by 

City of Los Angeles, County of Los Angeles, California Department of Transportation, City of Culver 

City, City of Beverly Hills, City of West Hollywood, City of Inglewood, and City of Santa Monica. In 

this case, the project lies entirely within the City of Los Angeles.  
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Regional soils types are inferred from county data, as reported in the joint county map below 

produced by the Council for Watershed Health (formerly the Los Angeles San Gabriel Watershed 

Council) and LACDPW Water Augmentation Study (WAS) which shows either loam (Type C) or 

sandy loam (Type B) soils in the project vicinity: 

 
Water Augmentation Study Map (LASGRWC) 

 

This information has been further refined by the Community Redevelopment Agency in their 

Geotechnical Exploration Report Proposed Median Project Vermont Avenue from Gage Avenue 

to Manchester Avenue, Los Angles California (November 20, 2009) and is being considered by the  

design team to formulate this proposal.  

 

The land uses in the area are as follows: 

 

 High Density Single Family (19%),  

 Light Industrial (7%),  

 Vacant (3%),  

 Retail (17%),  

Sand (A - 3.4) 

Loamy Sand (A – 2.26) 

Silt Loam (B - 0.81) 

Sandy Loam (B – 0.79) 

Loam (C – 0.42) 

Clay Loam (D – 0.12) 

Clay (D – 0.08) 

Very Thin or Bedrock (E – 0.08) 

GWAM Extent 

LEGEND: 



VERSION 3.15.2013 

Vermont Avenue Stormwater Capture and Green Street Project  10 

 Multi-family Residential (4%),  

 Transportation (13%),  

 Education (3%),  

 and Mixed-residential (46%). 

The following figure shows the general zoning designations for the project area: 

 

Generalized Zoning of Project Area. Source: ZIMAS http://zimas.lacity.org/ accessed 1/3/2012 

The project area was originally chosen to compliment a project proposed by the former Community 

Redevelopment Agency, which would have placed a park in the center median of Vermont Avenue 

along the stretch of the street spanning from Gage Avenue south to Manchester Avenue. The area of 

this project spans from the north end at Gage Avenue to Florence Avenue at the south. Catch basins 

in this area drain to Ballona Creek. Subwatersheds that encompass side streets that drain toward 

Vermont and terminate at storm drains at or near Vermont Avenue, were also evaluated. Flows 

from as far east as Hoover Street flow westward toward Vermont Avenue, while areas on the west 

side of Vermont Avenue and western side streets drain westward, away from Vermont Avenue. 

Thus, subwatersheds on the east side of Vermont are prioritized due to a potential for greater 

treatment and capture volumes. Of these subwatersheds, three areas have been identified for 

project implementation based on the following desirable characteristics:  
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 Amount of area in the public right away available to capture/treat runoff 

 Pollution/volume reduction benefits (i.e. size of catchment, land uses) 

 Planning purposes/Community partnership potential within the area- proximity to 
schools and other community hubs, as well as visibility in the community. 

 
Below is a map of the project drainage area evaluated on Vermont Avenue encompassing the 100+-

acre drainage area. The various shades of orange delineate the boundaries of subwatershed areas, 

with lighter shades illustrating smaller drainages and darker shades indicating larger drainages, the 

largest of which is located just south of Florence Avenue, covers over 20 acres. The blue circles 

denote existing stormdrain inlets within the project area. The outlined areas (Area A, Area B, and 

Area C) are the prioritized subwatersheds on which this project will focus. 

 

Area A totals approximately 4.7 acres and contains mainly multi-family residential dwellings near a 

traffic median.  This area was selected because it contains a median in the public right-of-way that 

can be used to capture and treat the ¾” or 85th percentile storm event. This sub-watershed runs 

parallel to Gage Avenue, a busy street where high pollutant loadings from vehicles are anticipated. 

The median is ideal for siting a biofiltration swale and based on further geotechnical data, a 

potential dry-well. This project will aim to capture and treat the entire design storm in the public 

right of way, which includes this median. Across Vermont from the Median is a school called the 

Garr Child Care Learning Center.  South of the school on the west side of Vermont is the John Muir 

Library. These facilities will be evaluated for potential community partnerships. 

 

Area B was chosen for it’s estimated pollutant loads. It is one of the largest subwatersheds in the 

project area. Water drains along both local (68th Street) and major highways (Hoover and 

Vermont). BMPs in this area will utilize both the public right-of-way and private property to 

capture and/or treat the design storm. This area is favorable because it contains a public school 

that has been approached for participation in educational outreach.  As with areas A & C, BMPs will 

be implemented in the public right of way. However, in order to address more drainage acreage, 

private participation will be encouraged. To this end, public outreach and education will be pursued 

by Heal the Bay with partnerships that involve property owned by residential participants,  

educational institutions (LAUSD Elementary School Number 11) as well as commercial property 

owners (AT&T offices).  

 

Area C is located at the northeast corner of Vermont and Florence, a very large and busy 

intersection. This area constitutes two subdrainages totaling 17.4 acres and is prone to nuisance 

flooding. It contains a private school and church that present the opportunity for key community 

partnerships. Similar to Area B, a combination of both public outreach and on-site BMPs will be 

utilized in this area to capture the design storm.  
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Subwatershed areas prioritized for project 

  

Area A 

Area C 

 

 

 

 

 

 

 

 

 

Area B 
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Acres 
Runoff Capture Target Capacity 

(Cubic Feet) 

Right-of-Way BMP Target 

Capacity
2
 

(Cubic Feet) 

Area A 4.71 85673 3000 

Area B 16.9 127964 4500 

Area C 17.4 153025 5400 

Total 39 36665 12900 

Acreage of total runoff capture potential6 85.6 acres 

Minimum Acreage of 0.75”storm capture7 20.5 acres 

 
Regulatory Background and Pollutant Loads 

The City of Los Angeles has undertaken the implementation of stormwater BMPs citywide to aid in 

compliance with regulated water quality standards.  As mandated by the Clean Water Act (CWA) 

the California Water Quality Control Board, Los Angeles Region sets water quality standards for the 

region, which includes assessment of beneficial uses for surface and ground water, and numeric and 

narrative objectives or Total Maximum Daily Loads (TMDLs) necessary to support beneficial uses 

and to protect receiving waters in the region. A TMDL defines the maximum amount of a pollutant 

that a waterbody can receive and still meet the applicable water quality standards for that pollutant 

or receiving water, and a TMDL Implementation Plan (IP) defines projects and strategies for 

meeting the TMDLs. 

 

TMDLs were developed for coliform bacteria, heavy metals, estuary toxics, and trash in Ballona 

Creek. The City of Los Angeles submitted a TMDL Implementation Plan strategizing how the City 

and other agencies intended to meet the water quality standards in Ballona Creek.  Individual 

Implementation Projects propose structural measures (such as BMP’s) and institutional measures 

(such as source control and public outreach) for removing pollutants throughout the watershed. 

The City has identified eight large‐scale or regional structural BMP project locations and 27 smaller 

or distributed BMP projects throughout the Ballona watershed.  BMPs were identified and 

developed in collaboration with the watershed stakeholders.  Results of this collaborative effort will 

be used by the Ballona Creek IP to streamline current proposals in the right of way.  The Vermont 

Avenue project data can be used to assist in the implementation of identified distributed measures 

throughout the Ballona and LA River watersheds by serving as an example and providing modeling 

data as mentioned earlier. Appendix A includes pollutant load calculations for the SUSMP event for 

Area A, Area B, and Area C, as well as annual pollutant loadings for the general project area.

                                                 
2
 Assume BMP porosity of 0.35 

3
 Targeted runoff capture for entire 4.71 acre drainage 

4
 Targeted runoff capture for right-of-way (transportation estimated 34 percent of watershed area) 

5
 Targeted runoff capture for right-of-way (transportation estimated 39.5 percent of watershed area) 

6
 Total acreage of drainages where BMPs installations are planned. 

7
 Acreage of entire Area A, right-of-way for Areas B & C, and a portion of Vermont Avenue assuming poor 

soil infiltration and siting constraints 
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 New School Construction site near 70th Street and Vermont Avenue 

 

Project Elements 
 

Pre-Design 
One of the purposes of the project is to provide the City with information on how much water can 

realistically be captured in the public right-of way of a highly urbanized and hardscaped area.  This 

information will assist the city in planning BMPs to be installed in a given watershed. This project 

will build on existing BMP prioritization algorithms and utilize lessons learned from existing 

projects.  

 

Prior to design, a literature review will be undertaken as well as a case study of existing projects to 

gather information and to aid in the siting and installation of project elements. Existing projects 

that utilize decentralized BMPs will be identified, and a project review of monitoring analyses will 

be examined. Project managers will be contacted to discuss issues in construction of their projects. 

Both positive attributes and shortcomings for projects will assist designers in selecting the BMPs 

used for this project. This project will also utilize existing decision support tools, such as SBPAT, as 

well as community input as considerations for the selection of BMPs. 

 

BMP Tool Box 

This project will utilize combinations of distributed BMPs from the BMP Toolbox explained below 

including Green Street Standard Plan BMPs installed in the public right-of way, mostly between 

curbs and property lines, and other BMPs of larger scales, onsite low impact development (LID) 

BMPs installed by property owners, and institutional BMPs, which include public education and 

outreach. This education will be focused on local schools at first, then branch out to the 

surrounding neighborhood. 

 

Favorably located side streets for both stormwater and public benefits will be incorporated into the 

project for additional capacity. As an example, a site allowing a 10-foot wide x 5-foot deep 

infiltration basin is proposed under targeted walkways and planters, allowing 40% void space 

offers 20 cubic feet of storage per linear foot of roadway.  A local street with a narrower road and 
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sidewalk might only require 1.8 cubic feet of storage per linear foot to capture a 3/4” event from its 

surface. The 18.2 cubic feet of additional capacity within the project could assist in offsetting the 

storage deficit anticipated on Vermont. Additional greening benefits such as planting and tree 

shading add to the value of the BMP. 

 

Green Street Standard Plans 
Specific BMPs that will be considered and proposed with design include but are not limited to the 

following adopted and/or draft City Green Street Standard Plans (shown in Appendix A): 

 

 Sidewalk Culvert (Standard Plan S-322 ) 

 Parkway Swale (Standard Plan S-482 ) 

 Parkway Swale-No Parking Zone (Standard Plan S-483) 

 Vegetated Stormwater Curb Extension (Standard Plan S-484) 

 Vehicular Alleys (Standard Plan S-485) 

 Tree Well Watering Device (Standard Plan S-457) 

 Trench Drain (Standard Plan S-490 ) 

 Green Street Infiltration System (Standard Plan S-489 ) 

 Bottomless Catch Basin inlet w/filter insert (Standard Plan S-491 ) 

 Dry-well (Standard Plan S-494 ) 

 

The City of Los Angeles, Department of Public Works Green Street Standard Plan for Vehicular 

Alleys (S-485) will be installed on one alley parallel to Vermont, from 70th Street to 71st Street and 

from 71st Street to Florence.  This standard plan will allow stormwater runoff to be filtered and/or 

infiltrated before overflowing back to the storm drain system. Small catch basins may be installed 

in streets intersecting the alleys in order to divert the street runoff into the alleyway and thus 

increasing the tributary drainage area. 

 

The northern project reach is located at Gage Avenue where curb inlets and gutter modifications on 

an existing triangular-shaped median island will be used to divert flow from the street into the 

median to create an offline bio-filter that connects to a multiple-chambered dry well, and adds 

system storage capacity and relieves nuisance flooding as it reaches design capacity, and overflows 

back the storm drain system. The entire median and all project planting areas will be landscaped 

with appropriate drought and/or inundation tolerant plant materials and irrigated. 
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Proposed median bioswale at the intersection of Vermont Avenue and Gage Avenue 

 

South of Gage, distributed BMPs in the right-of-way will be sited between the curbs and property 

lines and infiltration galleries will range in depth from 1.5 to 5 feet. BMP widths range from 2.5 to 5 

feet. Combinations of these BMP elements with varied depths and alignments will be designed to 

maximize storage capacity and permeability within the space available. Where existing 

infrastructure prevents the installation of a larger capacity Standard Plan, tree wells with watering 

device inlets will be constructed.  Where feasible these will offer additional sub-surface storage 

within perforated pipes that distribute the incoming flows and return overflows to the stormdrain 

system.  

 

Pending additional soils review, a design detail similar to that used at Riverdale will be considered 

for use along 68th Street across  from the LAUSD site, which will enhance the environment near the 

elementary school.  Draft details following the Riverdale Project are S-489 & S-491: Green Street 

Infiltration System & Catch Basin inlet.  

 

Onsite BMPs: Downspout Disconnect and Parcel- Scale Runoff Reduction  

Project partners will implement a low-cost, low-tech Best Management Practice (BMP) program 

targeted to businesses, schools, and residential community members along the Vermont Corridor 

neighborhood (between Gage Ave. and Florence Ave.) in association with the proposed project. The 

program provides participants support through education on how to reduce their contribution of 

stormwater runoff to the Vermont Corridor by providing participants with resources that 

encourage installation of BMPs such as rain barrels, rain gardens, downspout disconnections or 

related BMPs to install on their property. In addition, workshops will be conducted by Heal the Bay 

to assist and facilitate greater participation in the program, as well as to provide for educational 

opportunities associated with watershed and stormwater protection, and overarching project 

support for installed BMPs. The objectives of this public education and outreach program are 

outlined below. 
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Examples of climate-appropriate native plant species that will be considered for use in this project 

 

Institutional BMPs: Public Education and Outreach 

Community outreach and education is an important component of the Vermont Project. There will 

be a number of objectives addressed through this community outreach element, which include: 

 

 Providing general education and awareness of the project 

 Providing general education on watersheds, water quality, the local storm drain 
system, local biodiversity, and watershed issues affecting the community 

 Providing opportunities for community participation in addressing watershed 
issues by providing information to encourage the installation of BMPs on private 
property; 

 Encouraging community support for City of Los Angeles identified BMP project and 
soliciting input on project design elements; 

 Engaging community leaders, businesses, and non-profits to support decentralized 
BMPs implementation; and 

 Conducting pre- and post-project public surveys to gage change in public 
knowledge, perception, and behavior towards watershed issues, BMP 
implementation, and of this project.  
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Outreach and education for this project will focus on schools within the project area, and branch 

out into the larger community. School outreach has begun with Saint Raphael School. Heal the Bay 

has partnered with school administrators to have students participate in existing programmatic 

resources offered by Heal the Bay, such as Coastal Clean Up Day and “Lunch and Learn” events. 

School administrators have been informed of the project and have written a letter in support (see 

Attachment 1). Prior to the start of construction, Heal the Bay will attempt to partner with St. 

Raphael School and LAUSD Elementary School #11 to perform a water audit of the campus with 

students. This will be presented as an educational opportunity that allows students to learn how to 

map a site, identify pervious and impervious areas, and to calculate runoff volumes, as they learn 

how to size BMPs to capture that volume. The results of this audit will be used to help residents 

design BMPs and will help to identify other actions that can be implemented on campus to reduce 

runoff. The results of the audits from the two schools will be compared and will help to assess 

attributes of the two campuses that favor runoff reduction. Students will be taught about native 

plant species and related fauna, and will be encouraged to adopt a native organism or “totem” For 

their schools or neighborhoods. Students will learn how to select and to grow plants that provide 

habitat to support these species. Project proponents may consider these totems in the selection of 

plant species for vegetated BMPs on side streets, and adding the choices of multiple side streets 

within the plant palette along Vermont Avenue. Heal the Bay will also guide students in a 

preliminary and post project fauna/flora survey of the surrounding neighborhood. These efforts 

will be used to teach stewardship and to foster community partnerships. Efforts at schools will also 

provide an avenue for community education to be administered by reversing roles and allowing 

teaching from students-to-parents with take home surveys such as are described below for parents 

to help fill out as part of a homework assignment. These campus efforts will be used as a litmus test 

for the rest of the neighboring community. 

 

The public education and outreach program elements will include a combination of outreach 

mechanisms. Outreach can include simple measures such as the distribution of fliers and 

doorhangers, or may be more involved, such as developing school lesson plans, workshops, 

community forums, tabling events, speaking presentations, and neighborhood clean-ups. The 

objectives of this public education and outreach program are to create educational opportunities 

for school children and the surrounding neighborhood, while developing social capital for current 

and future efforts related to water quality programs and projects. 

 

Social capital typically consists of three main components: trust, networks, and cooperation 

amongst members in the partnership. Coleman defined social capital as “the extent and 

completeness of horizontal relations within a community and its role is to enhance the power and 

efficient allocation of social sanctions.”8 Putnam provided another definition of social capital – the 

                                                 
8
 Coleman, J. Foundations of Social Theory. Cambridge, Mass: Harvard University Press. 1990. 
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“features of social life – networks, norms, and trust – that enable participants to act together more 

effectively to pursue shared objectives.”9.  Social capital allows for a reduced transaction costs, 

greater dissemination of information, increased interaction, and an increased political and 

economic leverage when used. Development of social capital lays the groundwork for the project 

success in the long-term by keeping the surrounding community aware and engaged in project 

development. In addition, signage and other informative visual elements can be used to adorn the 

project and create a sense of personal space for a neighborhood and for a community. Surveys 

distributed pre- and post- project will be used to gage effectiveness of public outreach and 

education efforts. 

 

Community Surveys 
A minimum of two surveys will be administered for the project in order to gather baseline data as 

well as data on the public responses to the completed project. Surveys will be administered in the 

language preferred by the community members, likely in Spanish or English. A number of methods 

may be employed to distribute the surveys, including but not limited to surveys given to students to 

take home as an assignment, surveys given at community events or meetings, and surveys 

distributed through door-to-door canvassing. These surveys can serve as a template for collecting 

data, and their results and lessons can be used to inform future projects. 

 

Survey 1 

The purpose of the first Survey will be to collect baseline knowledge and willingness of residents to 

host onsite BMPs.  Some of the baseline information gathered will include but is not limited to 

residents’ knowledge of stormwater, specifically their understanding of their own watershed and 

the stormwater system, what they perceive to be the biggest sources of pollution, and their 

familiarity with stormwater BMPs. It will also determine a baseline for the understanding of 

biodiversity in the area, such as the types of birds and bug species initially known, as well as the 

known plant species, whether they be food crops, natives, ornamentals or “weeds”. It will also be 

used to assess initial community interest and support for the project, both as installed by the city 

and/or extended to private residents. It will gage their interest in hosting their own onsite BMPs. 

Participating community members will be given information on a variety of BMPs as well as an 

option that offers an incentive for doing their own installation. 

 

Following Survey 1, Heal the Bay will initiate a community education component of the project in 

the prioritized subwatersheds to inform residents of water quality issues in their areas utilizing 

tablings, outreach events, creek education, community meetings and speakers that come to 

classrooms within the area. Community members will be educated in topics that include both 

stormwater and biodiversity. Education to private property owners will inform them of options for 

decentralized BMPs that can be implemented and maintained on their property within the right of 

way.  Quarterly outreach will be performed during project construction. 

 

                                                 
9
 Putnam, R. Tuning in, Tuning out: The strange disappearance of social capital in America. Political 

Science and Politics, 28(4): 664-65. 1995 
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Survey 2 

 

Following community education, survey 2 will be used to assess the willingness of residents to 

install decentralized BMPs on their own property. Participating community members will be 

informed of a variety of BMP options to choose from the “BMP Toolbox”, and will be educated and 

encouraged to perform their own installations of a selected BMP device, such as a rain barrel or 

downspout redirector. This survey will also seek to see which BMPs are preferred by the residents, 

and why. It will also seek to identify reasons for unwillingness to participate or any barriers to 

implementation of BMPs from the toolbox. 

 

Survey 3 

Survey 3 will be used to gage community response to the Vermont Stormwater Capture and Green 

Street Beautification Project. It will incorporate similar questions as the first survey to see if basic 

knowledge and education of the watershed, biodiversity, and stormwater has increased as a result 

of the project, and if the community has general knowledge of the project.  Survey 3 will also 

include questions as follow up to the on-site BMPs installed in order to determine project success 

and/or any barriers to participation or BMP effectiveness. This survey will also compare operation 

and maintenance performed by private property owners who have employed onsite BMPs, as well 

as sense of ownership for the BMPs chosen. Survey 3 will also attempt to assess other outcomes of 

the project, such as impact on neighborhood aesthetics, safety, and economic impacts. 

Performance Analyses 
 

Project proponents will evaluate results from the public surveys.  Results will be analyzed to see 

which BMPs worked best, and which fell short, as well as the reasons for these shortcomings. In 

addition, results of surveys and data collected on social impacts of the project will be analyzed in 

order to answer the following questions:  

 Does the community feel a sense of ownership of the project? How might this affect 
long term effectiveness of the project?  

 How effective was public outreach for the project in terms of increasing awareness 
of stormwater issues and/or environmental stewardship?  

 What was the level (percentage) of community participation in private property 
retrofits? 

 To what extent did the project increase the public’s knowledge of stormwater 
pollutant reduction?  

 Has there been a change in community behavior and/or attitude toward stormwater 
pollution due to the project? 

  Which aspects of this project design, education, outreach or surveys can now serve 
as a template for other areas of the City? 
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Water Quality Monitoring Plan 
 

The purpose of the monitoring program is to evaluate the performance and operation of the  

Vermont Avenue Stormwater Capture and Green Street Project, in terms of pollutant reduction. Wet 

weather is recognized as a critical condition for evaluating the structural BMPs installed in this 

project. The overall strategy will involve water quality and flow measurements and on-site 

inspections/observations of the system during and after rainstorms.  This monitoring program will 

examine water quality benefits to receiving waters and the capture capacity of the infiltration 

system.  

 

Specific study questions are detailed below: 

 

1. What are the pre and post project pollutant concentrations in stormwater runoff at the 
project site? 

2. For the targeted ¾”design storm, what is the pollutant load the project prevents from 
entering receiving waters (Ballona Creek)? (volume collected x concentration of runoff) 

3. What flow volume is detained  from the storm drain system? (volume collected and/or 
released or infiltrated) 

4. What size/intensity of storm can effectively be captured by the BMPs monitored in the 
Vermont Project? (volumes and durations) 

5. How do the chosen BMPs perform within a given subwatershed? 
6. How well does the chosen subwatershed approach perform in comparison to approach 

used in other subwatersheds? 
7. What maintenance/design issues were revealed during on-site monitoring visits (e.g., 

clogged infiltration pipes, excessive trash, odor problems, vandalism, etc.)? (cost ($)/ 
linear foot) 

8. What is the community’s awareness and response to the project? 
 

To determine the pollutant concentration in stormwater runoff (study question 1), crews will 

perform baseline sampling prior to project installation at targeted areas. Crews will collect samples 

post-construction at these same targeted locations.  This will be essential for documenting pollutant 

load reduction to receiving waters (study question 2).  In addition, samples will be collected from 

drywells placed at 68th Street and in the Vermont/Gage median to assess pollutant concentration 

in runoff that has entered the well after flowing through preceding BMPs (Infiltration swales along 

68th Street, BMPs along Gage, and the bioswale within the Vermont/Gage Median). Flow meters 

and autosamplers may be placed in pipes leading from the infiltration swales into drywells, and 

from the gutter to the median swale. Flow meters may also be placed in the storm drains before and 

after construction to assess how much flow installed BMPs will reduce (study question 3). If 

possible, automated sampling pumps (autosamplers) will be programmed to collect composite 

samples so that input samples represent the Event Mean Concentration (EMC) for each monitored 

storm event.  

 

Monitoring output samples will be collected at locations where runoff exits the BMP system and 

before it enters the Ballona Creek stormdrain system. These samples will be an important 
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component for assessing load and flow reduction (study questions 2 and 3), and capture capacity 

(study question 4). 

 

Rainfall data will be collected from a nearby rain gage.  This information will also assist in the 

calculation of pollutant load reduction and capture capacity. 

 

Water sampling will be conducted during at least two significant rain events per storm season 

(preferably one early season storm and one late season storm), over a three-year period following 

construction of the project.  Sampling crews will target storms that have a predicted rainfall greater 

than 0.1 inch within a twenty-four hour period.  Water quality samples will be analyzed for 

following parameters:   

 Total Suspended Solids (TSS)  
 Metals (cadmium, copper, lead, nickel, zinc and hardness) 
 Fecal indicator bacteria 
 Nutrients (Total Nitrogen, Total Phosphorus) 

 

Depending on infiltration rates, monitoring well samples may be collected after a storm has passed; 

whereas, input/output samples will be collected during rainfall.   

 

As more information about the Vermont Avenue Project becomes available, amendments to this 

monitoring plan may be necessary. Significant deviations from this monitoring plan will be 

documented and explained, if necessary. Safety of field personnel is always the primary concern, 

and takes precedence over strict adherence to any monitoring plan (Safety first!).  Due to the nature 

of this demonstration project, there may additional research questions that arise as a result of 

initial findings, which could result in significant changes in the approach to monitoring.  The 

Watershed Protection Division and Heal the Bay retains the right/responsibility to make significant 

changes to this monitoring plan, even after monitoring has commenced. 

 

Water Quality sampling will be conducted over a three year period, at a frequency of at least 1 

storm event per wet season.  Input samples will be collected at two locations: the inlet to the Gage 

Median Bioswale area, and at the catch basin inlet to the infiltration swale furthest east on 68th 

Street (refer to concept layout Page 4).  If site conditions allow, autosamplers will be installed to 

collect these samples, otherwise samples will be collected manually.  

 

If significant flow is discharging from the system, samples will be collected at the drywell or 

subsequent stormdrain catch basin located on the corner of Vermont and 68th Street and at the 

outlet of the Gage median bioswale. 

 

Monitoring wells will be placed within infiltration areas along Vermont Avenue and favorable side 

streets.  Grab samples will be collected at each of these wells after rainfall has occurred.  These 

samples will represent water that has infiltrated through the soil adjacent to the infiltration basins. 

The intent to determine potential effects of captured runoff on groundwater quality.  The timing 

and quantity of the samples will depend on storm intensity, storm duration, and subsequent 
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infiltration rates.  It will likely be necessary to composite these monitoring well samples into a 

single sample in order to meet minimum sample volume requirements.   

 

Project Assessment and Analysis 
Results of the monitoring program will be analyzed to assess the results of the project. From the 

data collected, sample results will be analyzed to see if the project was able to meet its goal of 

capturing the ¾” inch storm in prioritized watersheds, percentage of load reduction achieved along 

Vermont using Green Street BMPs, as well as a comparison of pollutant removal efficiency of 

Structural BMPs installed. Results from the prioritized subwatersheds will be compared to analyze 

which BMPs worked best, and which fell short, as well as the reasons for these shortcomings. In 

addition, results of surveys and data collected on social impacts of the project will be analyzed in 

order to answer the following questions:  

 

1. Does the community feel a sense of ownership of the project? How does this affect long 
term effectiveness of the project?  

2. How effective was public outreach for the project?  
3. What was the level (percentage) of community participation in private property 

retrofits? 
4. Does the project increase the public’s knowledge of stormwater pollution reduction? If 

so, to what extent? 
5. Has the community’s behavior and attitude toward stormwater pollution changed in 

response to the project? 
 

Project Schedule 

Construction is estimated for 18-months, and the schedule offers an adjustable start date pending 

project funding approval. 

Baseline sampling/surveys will be conducted following award notification (10-13-13 to 

5-13-14). 

Final Project Design will begin after funding is awarded (9-13-13 to 12-13-14) 

MOU between project partners will be developed (11-14) 

Environmental Documents will be completed (3-1-14 to 5-13-14) 

Permitting (7-1-14 to 7-1-15) 

Bid and Award (12-13-14 to 4-13-15) 

Construction (4-13-15 to 10-13-16) 

Closeout (8-13-16 to 11-13-16) 

Community Meeting #1 10-2013 

Survey #1 10-2013 (during first community meeting) 

Survey #2 4-2014 (during baseline sampling period) 

Community Meeting #2 7-2014 

Community Meeting #3 7-2015 

Survey #3 7-2016 



VERSION 3.15.2013 

Vermont Avenue Stormwater Capture and Green Street Project  24 

 

 
Project Partners and Roles 

City of Los Angeles, Department of Public Works, Bureau of Sanitation will provide project 

management, preparation of construction plans, and construction management, with support from 

Heal the Bay. Either the Bureau of Street Services or a private contractor chosen through a bid-and-

award process will construct the project.  

The project team currently consists of the following partners: 

Los Angeles Council District 8 

The entire project area resides in Council District Eight. Further district involvement has been 

requested following funding allocation: 

  Bernard Parks, Council member  

  Purvi Doshi, Legislative Deputy, Public Works Liason 

  Christine Dixon, District Deputy 

 

 

The City of Los Angeles Department of Public Works, Bureau of 

Sanitation (LABOS)  
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The Bureau of Sanitation, Watershed Protection Division is responsible for the City’s compliance 

with municipal stormwater regulations, including but not limited to the National Pollutant 

Discharge Elimination System permit issued by the California Regional Water Quality Control Board 

to the County of Los Angeles. In order to meet the Total Daily Maximum Load (TMDL) limits, as set 

by the Regional Water Quality Control Board, for trash, bacteria, metals and toxics in the receiving 

water bodies (the Los Angeles River and the Pacific Ocean), the Watershed Protection Division is 

proposing to intercept stormwater runoff and to infiltrate it into bio-filters or suitably infiltrative 

soils to reduce the amount of stormwater pollutants that are currently flowing into the rivers, 

oceans and other water bodies.  

 

LABOS engineering staff will oversee drafting and design preparation of design plans (construction 

documents) for the project. LABOS will take the lead in funding requisition and the bid and award 

to a private contractor, if needed. LABOS will provide construction documents and specifications 

for review prior to start of construction. For the duration of the project, LABOS will attend weekly 

on-site meetings to discuss construction related issues LABOS will submit 50% and 90% complete 

plans for review and approval by the City of Los Angeles, Department of Public Works, Bureau of 

Street Services (LABSS). LABOS will also be responsible for construction project management of 

city forces, and for construction management services.  

 

Project Team Leads:  

 

  Shahram Kharaghani, BOS-Watershed Protection Division Manager 

  Deborah Deets, Project Coordinator 

  Oscar Figueroa, GIS Specialist 

 

Heal The Bay, 501(c)(3)  

Heal The Bay staff are working with City of Los Angeles engineering and landscape architecture 

staff to develop a funding proposal, provide support in design, planning of the project, develop 

community partnerships, and outreach to the public regarding the project. 

 

Project Team Leads:  

 

  Alix Hobbs, Associate Director 

James Alamillo, Healthy Neighborhoods, Healthy Environment Coordinator  

  Meredith McCarthy, Director of Programs 

Kirsten James, Water Quality Director 

Susie Santilena, Environmental Engineer in Water Quality 

 

 

City of Los Angeles Department of Public Works, Bureau of Street 

Services (LABSS)  
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LABSS will review the design plans and provide comments and/or revisions as required to LABOS. 

If LABSS is retained by HTB to perform construction, LABSS will purchase material, provide 

construction staff, and construct the Project pursuant to the approved construction documents. 

Project Leads will be assigned if BSS is to construct project. 

 

Project Team Leads:  

 

  Alice Gong, BSS- Design Engineer 

 

Educational Institutions 

 The participation of local schools is critical for the project for a number of reasons. Schools are 

central community hubs where information related to the project can be disseminated to both 

children in the area and their parents. Also, schools in the area contain much impervious area, and 

thus contribute significantly to runoff volumes. Encouraging schools to implement BMPs can have a 

large impact. Finally, this project serves to benefit students by providing unique learning 

experiences and adding green elements that will improve their commute. Potential educational 

partners include: 

 Saint Raphael Catholic School 

 LAUSD Elementary School #11 

 Garr Child Care Learning Center   

Neighbors 

This project aims to propose and incentivize the construction of BMPs on private property, thus the 

participation and commitment of property owners and other community members is a critical 

component of this project.  

Other Potential Project Partners  

In an effort to build on existing efforts to encourage low impact development throughout Los 

Angeles, project proponents may solicit the partnerships of other agencies and non-profit 

organizations to aid in execution of various project elements. For instance, G3, Surfrider, the Los 

Angeles River Project, or TreePeople may be approached to conduct  rainwater harvesting 

workshops in the area. Urban Semillas may be approached to train community youth to aid in 

sampling events.  
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Assessing the Economics of a Distributed Capture 

Approach 

This project will provide real-cost and feasibility data for a major transportation corridor. When 

combined with existing data from other street type installations, the project data can be used to 

estimate a static regional/citywide capacity of distributed measures that can be combined with 

models and soils maps to calculate dynamic capacity.  The statistical volume “tie” to necessary 

pollutant load reductions for TMDL compliance will indicate the remaining capacities needed for 

water quality standard attainment, which can be used to support land acquisition decisions and 

help develop costs for the remainder of regional green and/or infrastructural BMPs needed for 

compliance. 

 

An example follows of the cost comparisons proposed for this project using a cross section of a 

green alleyway to be installed in North Hollywood from Oxnard to Tiara Street. The project created 

an infiltration trench at the site of an existing concrete swale which was removed along with a 

portion of the existing asphalt paving along each side of the concrete swale.  

 

The final cost of the North Hollywood Alley Project for all four of the 20 foot by 270 foot long 

segments will be $700,000. The project was constructed by The Bureau of Street Services (BSS) and 

the cumulative alley length is approximately 1072 feet. The alleys were constructed per Standard 

Plan S-485 except that the width of the permeable paver and infiltration trench is 3 feet in lieu of 

the 5 feet shown on Standard Plan S-485, therefore with a 40% storage to volume ratio the actual 

stormwater capacity is 6 CF per LF, and cost per LF is $653.00 ($108 per CF of storage). 

 

Standards for defining plant maintenance requirements for function and aesthetics based on 

community input will be considered with planting palette updates for S-484. Sediment removal and 

landscape maintenance activities are the primary costs for O&M on green infrastructure and 

stormwater BMPs. Since aesthetics can be subjective, a recommendation will be made for 

functionality to be a requirement, namely if an enhancement is provided along the public-frontage of 

a private-parcel and effluent from such a BMP is substandard due to a lack of maintenance, the owner 

who also receives the property value enhancements, should be held responsible. Whether by 

assessment, tax, fee or other means, cities promoting and installing green infrastructure must insure 

that a mechanism for ongoing functionality is available in order to justify installation. 
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Cross Section of North Hollywood Green Street Standard BMP for Vehicular Alleys (S-485) 

 

 

The project scope includes a BMP costs analysis and a final written post-project evaluation for: 

 

  Stormwater Capacity (Cubic Foot) 

  Cost ($/Cubic Foot) 

  Ease of integration as retrofit or with existing infrastructure  

  Maintainability 

  Partner support  

 

Project team designers will continue to confer with Bureau of Engineering geotechnical and 

stormwater engineering staff to discuss soil constraints and site constraints, as well as BMP 

feasibility.  Soil quality is a critical variable in determining the site potential for water quality 

improvement, whether by filtration and/or infiltration.  Achieving a maximum storage capacity is 

an objective for infiltration, however where soils conditions are not conducive to infiltrate runoff, 

surface bio-filtration and vegetative enhancements to a depth of 18” will be proposed for all planter 

areas.  
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Project Budget 

The estimated total project costs are close to 5 million dollars, including hard and soft costs. 

Attached is a budget summary based on complete removal and installation costs of the individual 

project components on both along Vermont Avenue and in the prioritized project subdrainages. 

 

Budget Category Total Cost 

(1) Direct Project Administration  $83,720 

(2) Reporting $33,952 

(3) Assessment and Evaluation $33,500 

(4) Project Design $468,820 

(5) Environmental Documentation $12,000 

(6) Permitting $88,000  

(7) Construction  Contracting     $67,000 

(8) Construction  $3,281,800 

(9) Environmental Performance Sampling and analysis $167,440 

(10) Construction Administration $100,464 

(11) DWR Requirements $18,000 

(12) Standards Development and Project Integration. $267,904 

(13) Construction/Implementation Contingency $334,880 

(14) Grand Total  $4,957,480 
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Appendix A: Pollutant load calculations 
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Area A- Pollutant loadings from ¾” Storm 
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Area B- Pollutant loadings from ¾” Storm 
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Area C- Pollutant loadings from ¾” Storm 
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General Project Area- Annual Pollutant Loading and Runoff Calculation 
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Appendix B: Map of Tentative Water Quality 

Monitoring/Sampling Locations 
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Appendix C:  Green Street Standard Plans and Cost Sheets 

(insert PDF) 
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Appendix D: Targeted BMP Placement Options 
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Appendix E- St. Raphael School support letter 

(insert PDF) 



1- Hydraulic Characteristics:

Drainage Area (acres) 4.71
85th %ile Rainfall (inches) 0.75

Pollutant Loadings:

2- Landuse Constituents (%): 4- Imperviousness (%)
TSS 13.5 Kg/event

High Density Single Family 0 42 0.38 0 TP 0.1 Kg/event
Light Industrial 0 91 0.82 0 TN 0.5 Kg/event

Vacant 6.8 2 0.02 16 F Coli 1821.8

Billion 
Colonies/eve
nt

Retail/Commercial 10.0 96 0.86 1106 F Enteroc 1053.2

Billion 
Colonies/eve
nt

Multi-family Residential 66.2 74 0.67 5658 F Strept 2126.2

Billion 
Colonies/eve
nt

Transportation 17.0 91 0.82 1786 T Coliform 2883.3

Billion 
Colonies/eve
nt

Education 0 82 0.74 0 Cu 0.0 Kg/event
Mixed Residential 0 59 0.53 0 Pb 0.0 Kg/event

Zn 0.0 Kg/event

3- Pollutant Removal Efficiencies (%): Runoff Characteristics:

TSS 85 TSS 11.441 Kg/event 55.5 mg/l
TP 60 Overall Runoff Coefficient: 0.67 TP 0.039 Kg/event 0.3 mg/l
TN 55 Runoff Volume: 8567 cu.ft/event TN 0.290 Kg/event 2.2 mg/l

F Coli 90 F Coli 1639.648

Billion 
Colonies/eve
nt 7.5 1000 Col/ml

F Enteroc 90 F Enteroc 947.858
Billion 
Colonies/eve 4.3 1000 Col/ml

F Strept 90 F Strept 1913.555

Billion 
Colonies/eve
nt 8.8 1000 Col/ml

F Strept 90 T Coliform 2595.000

Billion 
Colonies/eve
nt 11.9 1000 Col/ml

T Coliform 90 Cu 0.005 Kg/event 24.7 ug/l
Cu 80 Pb 0.002 Kg/event 8.4 ug/l
Pb 80 Zn 0.037 Kg/event 188.3 ug/l
Zn 80

Constituents TSS TP TN F Coli F Entero F Strepto T Coliform Cu Pb Zn

mg/l mg/l mg/l 1,000col/ml 1,000col/ml 1,000col/ml1,000col/ml ug/l ug/l ug/l
HDSF 95 0.39 3 9.3 6.1 12.3 13.6 15 10 79

Light Industrial 240 0.41 3 3.4 1.29 2.5 4.5 32 17 639
Vacant 186 0.16 0.8 0.01 0.007 0.02 0.1 15 5 46

Retail/Comm 66 0.39 3.4 5.3 0.86 2.1 11.4 39 18 241
MFR 46 0.19 2 9.3 6.1 12.3 13.6 12 6 146

Transportation 78 0.44 2 3.3 0.98 1.8 6.9 56 10 291
Educational 95 0.31 1.6 0.02 0.01 0.04 0.2 24 5 138

Mixed Resident. 63 0.26 2.5 9.3 6.1 12.3 13.6 19 11 203

Estimated (best engineering judgment)

Runoff Coefficient:

Pollutant Loading Reductions: Mean Concentrations:

Runoff Volume (cu.ft):

1994-2000 storm season (LA County Land Use Results by Site)



1- Hydraulic Characteristics:
12.5558917 67.54411

Drainage Area (acres) 16.9
85th %ile Rainfall (inches) 0.75

Pollutant Loadings:

2- Landuse Constituents (%): 4- Imperviousness (%)
TSS 68.4 Kg/event

High Density Single Family 0 42 0.38 0 TP 0.3 Kg/event
Light Industrial 0 91 0.82 0 TN 2.2 Kg/event

Vacant 0 2 0.02 0 F Coli 4550.7

Billion 
Colonies/eve
nt

Retail/Commercial 17.8 96 0.86 7067 F Enteroc 2032.3

Billion 
Colonies/eve
nt

Multi-family Residential 0 74 0.67 0 F Strept 4109.7

Billion 
Colonies/eve
nt

Transportation 34 91 0.82 12796 T Coliform 8156.2

Billion 
Colonies/eve
nt

Education 12.5 82 0.74 4239 Cu 0.0 Kg/event
Mixed Residential 35.7 59 0.53 8714 Pb 0.0 Kg/event

Zn 0.2 Kg/event

3- Pollutant Removal Efficiencies (%): Runoff Characteristics:

TSS 85 TSS 58.121 Kg/event 9.8 mg/l
TP 60 Overall Runoff Coefficient: 5.34 TP 0.203 Kg/event 0.0 mg/l
TN 55 Runoff Volume: 245458 cu.ft/event TN 1.217 Kg/event 0.3 mg/l

F Coli 90 F Coli 4095.604

Billion 
Colonies/eve
nt 0.7 1000 Col/ml

F Enteroc 90 F Enteroc 1829.078
Billion 
Colonies/eve 0.3 1000 Col/ml

F Strept 90 F Strept 3698.760

Billion 
Colonies/eve
nt 0.6 1000 Col/ml

F Strept 90 T Coliform 7340.556

Billion 
Colonies/eve
nt 1.2 1000 Col/ml

T Coliform 90 Cu 0.032 Kg/event 5.1 ug/l
Cu 80 Pb 0.008 Kg/event 1.5 ug/l
Pb 80 Zn 0.176 Kg/event 31.7 ug/l
Zn 80

Constituents TSS TP TN F Coli F Entero F Strepto T Coliform Cu Pb Zn

mg/l mg/l mg/l 1,000col/ml1,000col/ml1,000col/ml1,000col/ml ug/l ug/l ug/l
HDSF 95 0.39 3 9.3 6.1 12.3 13.6 15 10 79

Light Industrial 240 0.41 3 3.4 1.29 2.5 4.5 32 17 639
Vacant 186 0.16 0.8 0.01 0.007 0.02 0.1 15 5 46

Retail/Comm 66 0.39 3.4 5.3 0.86 2.1 11.4 39 18 241
MFR 46 0.19 2 9.3 6.1 12.3 13.6 12 6 146

Transportation 78 0.44 2 3.3 0.98 1.8 6.9 56 10 291
Educational 95 0.31 1.6 0.02 0.01 0.04 0.2 24 5 138

Mixed Resident. 63 0.26 2.5 9.3 6.1 12.3 13.6 19 11 203

Mean Concentrations:

1994-2000 storm season (LA County Land Use Results by Site)
Estimated (best engineering judgment)

Runoff Volume (cu.ft):

Runoff Coefficient:

Pollutant Loading Reductions:



1- Hydraulic Characteristics:

Drainage Area (acres) 17.4
85th %ile Rainfall (inches) 0.75

Pollutant Loadings:

2- Landuse Constituents (%):4- Imperviousness (%)
TSS 66.9 Kg/event

High Density Single Family 0 42 0.38 0 TP 0.3 Kg/event
Light Industrial 0 91 0.82 0 TN 2.0 Kg/event

Vacant 12.1 2 0.02 106 F Coli 3679.4

Billion 
Colonies/eve
nt

Retail/Commercial 13.8 96 0.86 5640 F Enteroc 1482.5

Billion 
Colonies/eve
nt

Multi-family Residential 0 74 0.67 0 F Strept 2974.1

Billion 
Colonies/eve
nt

Transportation 39.5 91 0.82 15302 T Coliform 6884.2

Billion 
Colonies/eve
nt

Education 13.4 82 0.74 4678 Cu 0.0 Kg/event
Mixed Residential 21.2 59 0.53 5326 Pb 0.0 Kg/event

Zn 0.2 Kg/event

3- Pollutant Removal Efficiencies (%):Runoff Characteristics:

TSS 85 TSS 56.900 Kg/event 10.2 mg/l
TP 60 Overall Runoff Coefficient: 4.91 TP 0.200 Kg/event 0.1 mg/l
TN 55 Runoff Volume: 232265 cu.ft/event TN 1.100 Kg/event 0.3 mg/l

F Coli 90 F Coli 3311.504

Billion 
Colonies/eve
nt 0.6 1000 Col/ml

F Enteroc 90 F Enteroc 1334.234
Billion 
Colonies/eve 0.2 1000 Col/ml

F Strept 90 F Strept 2676.658

Billion 
Colonies/eve
nt 0.5 1000 Col/ml

F Strept 90 T Coliform 6195.798

Billion 
Colonies/eve
nt 1.0 1000 Col/ml

T Coliform 90 Cu 0.033 Kg/event 5.6 ug/l
Cu 80 Pb 0.008 Kg/event 1.5 ug/l
Pb 80 Zn 0.171 Kg/event 32.5 ug/l
Zn 80

Constituents TSS TP TN F Coli F Entero F Strepto T Coliform Cu Pb Zn

mg/l mg/l mg/l 1,000col/ml1,000col/ml1,000col/ml1,000col/ml ug/l ug/l ug/l
HDSF 95 0.39 3 9.3 6.1 12.3 13.6 15 10 79

Light Industrial 240 0.41 3 3.4 1.29 2.5 4.5 32 17 639
Vacant 186 0.16 0.8 0.01 0.007 0.02 0.1 15 5 46

Retail/Comm 66 0.39 3.4 5.3 0.86 2.1 11.4 39 18 241
MFR 46 0.19 2 9.3 6.1 12.3 13.6 12 6 146

Transportation 78 0.44 2 3.3 0.98 1.8 6.9 56 10 291
Educational 95 0.31 1.6 0.02 0.01 0.04 0.2 24 5 138

Mixed Resident. 63 0.26 2.5 9.3 6.1 12.3 13.6 19 11 203

Mean Concentrations:

1994-2000 storm season (LA County Land Use Results by Site)
Estimated (best engineering judgment)

Runoff Volume (cu.ft):

Runoff Coefficient:

Pollutant Loading Reductions:
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Amendment to the Water Quality Control Plan – Los Angeles Region to incorporate the 
TMDL for Bacterial Indicator Densities in Ballona Creek, Ballona Estuary,  

and Sepulveda Channel. 
 

Adopted by the California Regional Water Quality Control Board, Los Angeles Region on June 8, 2006. 
 
 

Amendments: 
 
Table of Contents 
Add: 
 
Chapter 7. Total Maximum Daily Loads (TMDLs) Summaries 

7-21 Ballona Creek, Ballona Estuary and Sepulveda Channel Bacteria TMDL 
 
List of Figures, Tables and Inserts 
Add: 

Chapter 7. Total Maximum Daily Loads (TMDLs) 
Tables 
7-21 Ballona Creek, Ballona Estuary and Sepulveda Channel Bacteria TMDL 

7-21.1. Ballona Creek, Ballona Estuary and Sepulveda Channel Bacteria TMDL: Elements 
7-21.2a. Ballona Creek, Ballona Estuary and Sepulveda Channel Bacteria TMDL: Final Allowable 

Exceedance Days by Reach 
7.21.2b. Ballona Creek, Ballona Estuary and Sepulveda Channel Bacteria TMDL: WLAs and     

LAs for tributaries to the Impaired Reaches. 
7-21.3. Ballona Creek, Ballona Estuary and Sepulveda Channel Bacteria TMDL: Significant      

Dates 
 
 
Chapter 7. Total Maximum Daily Loads (TMDLs) Summaries, Section 7-21 (Ballona Creek, Ballona Estuary, 
and Sepulveda Channel Bacteria TMDL) 
 
This TMDL was adopted by the Regional Water Quality Control Board on June 8, 2006. 
 
This TMDL was approved by: 
 
The State Water Resources Control Board on [Insert Date]. 
The Office of Administrative Law on [Insert Date]. 
The U.S. Environmental Protection Agency on [Insert Date]. 
 
The following table includes all the elements of this TMDL. 
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Table 7-21.1.  Ballona Creek, Estuary, and Tributaries s Bacteria TMDL: Elements 

Element Key Findings and Regulatory Provisions 
Problem Statement Elevated bacterial indicator densities are causing impairment of the water 

contact recreation (REC-1) beneficial use designated for Ballona Estuary and 
Sepulveda Channel, limited water contact recreation (LREC) designated for 
Ballona Creek Reach 2, and non-contact recreation (REC-2) beneficial uses of 
Ballona Creek Reach 1. Recreating in waters with elevated bacterial indicator 
densities has long been associated with adverse human health effects.  
Specifically, local and national epidemiological studies compel the conclusion 
that there is a causal relationship between adverse health effects and 
recreational water quality, as measured by bacterial indicator densities. 

Numeric Target  
(Interpretation of the numeric 
water quality objective, used to 
calculate the waste load 
allocations) 

The TMDL has a multi-part numeric target based on the bacteriological water 
quality objectives for marine and fresh water to protect the contact and non-
contact recreation uses. These targets are the most appropriate indicators of 
public health risk in recreational waters. 

These bacteriological objectives are set forth in Chapter 3 of the Basin Plan.1  
The objectives are based on four bacterial indicators and include both 
geometric mean limits and single sample limits.  The Basin Plan objectives 
that serve as the numeric targets for this TMDL are: 

In Marine Waters Designated for Water Contact Recreation (REC-1) 

1. Geometric Mean Limits 
a. Total coliform density shall not exceed 1,000/100 ml.  
b. Fecal coliform density shall not exceed 200/100 ml. 
c. Enterococcus density shall not exceed 35/100 ml. 
 
2. Single Sample Limits 
a. Total coliform density shall not exceed 10,000/100 ml. 
b. Fecal coliform density shall not exceed 400/100 ml. 
c. Enterococcus density shall not exceed 104/100 ml. 
d. Total coliform density shall not exceed 1,000/100 ml, if the ratio of 

fecal-to-total coliform exceeds 0.1. 
 

In Fresh Waters Designated for Water Contact Recreation (REC-1) 

1. Geometric Mean Limits 
a. E. coli density shall not exceed 126/100 ml. 
b. Fecal coliform density shall not exceed 200/100 ml. 
 
 
2. Single Sample Limits 
a. E. coli density shall not exceed 235/100 ml. 
b. Fecal coliform density shall not exceed 400/100 ml. 

                                                      
1 The bacteriological objectives were revised by a Basin Plan amendment adopted by the Regional Board on October 25, 2001, 
and subsequently approved by the State Water Resources Control Board, the Office of Administrative Law and finally by U.S. 
EPA on September 25, 2002. 
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Element Key Findings and Regulatory Provisions 
 

In Fresh Waters Designated for Limited Water Contact Recreation 
(LREC-1)2 

1. Geometric Mean Limits 
a. E. coli density shall not exceed 126/100 ml. 
b. Fecal coliform density shall not exceed 200/100 ml. 
 
2. Single Sample Limits 
a. E. coli density shall not exceed 576/100 ml. 
 

In Fresh Waters Designated for Non-Contact Water Recreation (REC-
2) 

1. Geometric Mean Limits 
a. Fecal coliform density shall not exceed 2000/100 ml. 
 
2. Single Sample Limits 
a. Fecal coliform density shall not exceed 4000/100 ml. 
 

The targets apply throughout the year.  Determination of attainment of the 
targets will be at in-stream monitoring sites to be specified in the compliance 
monitoring report.  

Implementation of the above REC-1 and LREC-1 bacteria objectives and the 
associated TMDL numeric targets is achieved using a ‘reference system/anti-
degradation approach’ rather than the alternative ‘natural sources exclusion 
approach subject to antidegradation policies’ or strict application of the single 
sample objectives. As required by the CWA and Porter-Cologne Water Quality 
Control Act, Basin Plans include beneficial uses of waters, water quality 
objectives to protect those uses, an anti-degradation policy, collectively 
referred to as water quality standards, and other plans and policies necessary to 
implement water quality standards.  This TMDL and its associated waste load 
allocations, which shall be incorporated into relevant permits, and load 
allocations are the vehicles for implementation of the Region’s standards. 

The ‘reference system/anti-degradation approach’ means that on the basis of 
historical exceedance levels at existing monitoring locations, including a local 
reference beach within Santa Monica Bay, a certain number of daily 
exceedances of the single sample bacteria objectives are permitted.  The 
allowable number of exceedance days is set such that (1) bacteriological water 
quality at any site is at least as good as at a designated reference site within the 
watershed and (2) there is no degradation of existing bacteriological water 
quality.  This approach recognizes that there are natural sources of bacteria that 
may cause or contribute to exceedances of the single sample objectives and 
that it is not the intent of the Regional Board to require treatment or diversion 
of natural coastal creeks or to require treatment of natural sources of bacteria 
from undeveloped areas. 

                                                                                                                                                                           
2 The bacteriological objectives for the LREC-1 use designation were provided in a Basin Plan Amendment adopted by State 
Board on January 20, 2005, and subsequently approved by the Office of Administrative Law and finally by U.S. EPA on 
February 17, 2006 
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Element Key Findings and Regulatory Provisions 
The geometric mean targets may not be exceeded at any time.  The rolling 30-
day geometric means will be calculated on each day.  If weekly sampling is 
conducted, the weekly sample result will be assigned to the remaining days of 
the week in order to calculate the daily rolling 30-day geometric mean.  For the 
single sample targets, each existing monitoring site is assigned an allowable 
number of exceedance days for three time periods (1) summer dry-weather 
(April 1 to October 31), (2) winter dry-weather (November 1 to March 31), 
and (3) wet-weather (defined as days with 0.1 inch of rain or greater and the 
three days following the rain event.) 

Implementation of the REC-2 target will be as specified in the Basin Plan. The 
REC-2 bacteria objectives allow for a 10% exceedance frequency of the single 
sample limit in samples collected during a 30-day period.  This allowance, 
which is based on an acceptable level of health risk, will be applied in lieu of 
the allowable exceedance days discussed earlier. As with the other REC-1 and 
LREC-1 objectives, the geometric mean target for REC-2, which is based on a 
rolling 30-day period, will be strictly adhered to and may not be exceeded at 
any time.  

 

Source Analysis The major contributors of flows and associated bacteria loading to Ballona 
Creek and Estuary, are dry- and wet-weather urban runoff discharges from the 
storm water conveyance system. Run-off to Ballona Creek is regulated as a 
point source under the Los Angeles County MS4 Permit, the Caltrans Storm 
Water Permit, and the General Construction and Industrial Storm Water 
Permits. In addition to these regulated point sources, the Ballona Estuary 
receives input from the Del Rey Lagoon and Ballona Wetlands through 
connecting tide gates. 

Preliminary data suggest that the Ballona Wetlands are a sink for bacteria from 
Ballona Creek and it is therefore not considered a source in this TMDL. Inputs 
to Ballona Estuary from Del Rey Lagoon, are considered non-point sources of 
bacterial contamination. This waterbody may be considered for a natural 
source exclusion if its contributing bacteria loads are determined to be as a 
result of wildlife in the area, as opposed to anthropogenic inputs. The TMDL 
will require a source identification study for the lagoon in order to apply the 
natural source exclusion. 

Other nonpoint sources in Ballona Creek and Estuary include natural sources 
from birds, waterfowl and other wildlife. Data do not currently exist to 
quantify the extent of the impact of wildlife on bacteria water quality in the 
Estuary.   

 

Loading Capacity The loading capacity is defined in terms of bacterial indicator densities, which 
is the most appropriate for addressing public health risk, and is equivalent to 
the numeric targets, listed above.   

Waste Load Allocations (for point 
sources) 

The Los Angeles County MS4 and Caltrans storm water permittees and co-
permittees are assigned waste load allocations (WLAs) expressed as the 
number of daily or weekly sample days that may exceed the single sample 
targets equal to the TMDLs established for the impaired reaches (see Table 
7.21.2a), and Waste Load Allocations assigned to waters tributary to impaired 
reaches (Table 7.21.2b).  Waste load allocations are expressed as allowable 
exceedance days because the bacterial density and frequency of single sample 
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Element Key Findings and Regulatory Provisions 
exceedances are the most relevant to public health protection. 

For each monitoring site, allowable exceedance days are set on an annual basis 
as well as for three time periods.  These three periods are: 

1. summer dry-weather (April 1 to October 31) 
2. winter dry-weather (November 1 to March 31)  
3. wet-weather days (defined as days of 0.1 inch of rain or more plus three 

days following the rain event).  
 
The County of Los Angeles, Caltrans, and the Cities of Los Angeles, Culver 
City, Beverly Hills, Inglewood, West Hollywood, and Santa Monica are the 
responsible jurisdictions and responsible agencies3 for the Ballona Creek 
Watershed.  The responsible jurisdictions and responsible agencies within the 
watershed are jointly responsible for complying with the waste load allocation 
in each reach.  

For the single sample objectives of the impaired REC-1 and LREC-1 reaches, 
the proposed WLA for summer dry-weather are zero (0) days of allowable 
exceedances, and those for winter dry-weather and wet-weather are three (3) 
days and seventeen (17) days of exceedance, respectively. In the instances 
where more than one single sample objective applies, exceedance of any one 
of the limits constitutes an exceedance day. The proposed waste load allocation 
for the rolling 30-day geometric mean for the responsible agencies and 
jurisdictions is zero (0) days of allowable exceedances. 

For the single sample objectives of the impaired REC-2 reach, the proposed 
WLA for all periods is a 10% exceedance frequency of the REC-2 single 
sample water quality objectives. The proposed waste load allocation for the 
rolling 30-day geometric mean for the responsible agencies and jurisdictions is 
zero (0) days of allowable exceedances.  

In addition to assigning TMDLs for the impaired reaches, Waste Load 
Allocations and Load Allocations are assigned to the tributaries to these 
impaired reaches. These WLAs  and LAs are to be met at the confluence of 
each tributary and its downstream reach (see Table 7.21.2b).  

Load Allocations (for nonpoint 
sources) 

Load allocations are expressed as the number of daily or weekly sample days 
that may exceed the single sample targets identified under “Numeric Target” at 
a monitoring site, along with a rolling 30-day geometric mean. Load 
allocations are expressed as allowable exceedance days because the bacterial 
density and frequency of single sample exceedances are the most relevant to 
public health protection. Del Rey Lagoon is considered a nonpoint source and 
is therefore subject to load allocations. 

The proposed LA for summer dry-weather are zero (0) days of allowable 
exceedances, and those for winter dry-weather and wet-weather are three (3) 
days and seventeen (17) days of exceedance, respectively. In the instances 
where more than one single sample objective applies, exceedance of any one 
of the limits constitutes an exceedance day. The proposed load allocation for 
the rolling 30-day geometric mean for the responsible agencies and 

                                                      
3 For the purposes of this TMDL, “responsible jurisdictions and responsible agencies” are defined as (1) local agencies that are 
permittees or co-permittees on a municipal storm water permit, (2) local or state agencies that have jurisdiction over Ballona 
Creek and Estuary, and (3) the California Department of Transportation pursuant to its storm water permit. 
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Element Key Findings and Regulatory Provisions 
jurisdictions is zero (0) days of allowable exceedances (see Table 7.21.2a). 

The City of Los Angeles is the responsible jurisdiction for the Del Rey lagoon, 
and is responsible for complying with the assigned load allocations presented 
in Table 7.21.2b at the tide gate(s) between the Lagoon and the Estuary. 

If other unidentified nonpoint sources are directly impacting bacteriological 
water quality and causing an exceedance of the numeric targets, within the 
Estuary, the permittee(s) under the Municipal Storm Water NPDES Permits 
are not responsible through these permits.  However, the jurisdiction or agency 
adjacent to the monitoring location may have further obligations to identify 
such sources. 

 
 

Implementation The regulatory mechanisms used to implement the TMDL will include the Los 
Angeles County Municipal Storm Water NPDES Permit (MS4), the Caltrans 
Storm Water Permit, general NPDES permits, general industrial storm water 
permits, general construction storm water permits, and the authority contained 
in Sections 13263 and 13267 of the Water Code.  Each NPDES permit 
assigned a WLA shall be reopened or amended at re-issuance, in accordance 
with applicable laws, to incorporate the applicable WLAs as a permit 
requirement.  

Each responsible jurisdictions and agency will be required to meet the storm 
water waste load allocations shared by the LA County MS4 and Caltrans 
permittees at the designated TMDL effectiveness monitoring points. An 
iterative implementation approach using a combination of non-structural and 
structural BMPs may be used to achieve compliance with the waste load 
allocations. The administrative record and the fact sheets for the MS4 and 
Caltrans storm water permits must provide reasonable assurance that the BMPs 
selected will be sufficient to implement the waste load allocation. 

Load allocations for nonpoint sources will be incorporated into Waste 
Discharge Requirements and MOUs with the responsible jurisdictional 
agencies. 

This TMDL will be implemented in two phases over a ten-year period (see 
Table 7-21.3). Within six years of the effective date of the TMDL, compliance 
with the allowable number of summer dry-weather (April 1 to October 31), 
winter dry-weather exceedance days (November 1 to March 31) and the rolling 
30-day geometric mean targets for both periods  must be achieved.  Within ten 
years of the effective date of the TMDL, compliance with the allowable 
number of wet-weather exceedance days and rolling 30-day geometric mean 
targets must be achieved. 

In order to clearly justify an extended implementation schedule beyond 10 
years and up to 14 years from the effective date of the TMDL, the responsible 
agencies are required to submit additional quantifiable analyses as described 
below to demonstrate (1) the proposed plans will meet the final WLAs and (2) 
the proposed implementation actions will achieve multiple water quality 
benefits and other public goals. 

The types of approaches proposed coupled with quantifiable estimates of the 
integrated water resources benefits of the proposed structural and non-
structural BMPs included in the Implementation Plan would provide the 
obligatory demonstration that an integrated water resources approach is being 
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Element Key Findings and Regulatory Provisions 
pursued. This demonstration shall include numeric estimates of the benefits, 
including but not limited to reductions in other pollutants, groundwater 
recharged, acres of multi-use projects and water (e.g. urban runoff) 
beneficially reused.  

The responsible jurisdictions and the responsible agencies must submit a report 
to the Executive Officer (see Table 7-21.3) describing how they intend to 
comply with the dry-weather and wet-weather WLAs. As the primary 
jurisdiction, the City of Los Angeles is responsible for submitting the 
implementation plan report described above.   

In addition, as the responsible agency for Del Rey Lagoon, the City of Los 
Angeles must submit a report detailing how it intends to comply with the load 
allocations assigned to this waterbody. Alternatively,  the City of Los Angeles 
may submit data clearly demonstrating that Del Rey Lagoon is not a source, 
for the Regional Board’s consideration..  

The Regional Board intends to reconsider this TMDL, within 4 years of its 
effective date to incorporate modifications to the WLAs based on results of the 
scheduled reconsideration of the Santa Monica Bay (SMB) beaches TMDLs.  
The SMB beaches TMDLs are scheduled to be  reconsidered in four years to 
re-evaluate the allowable winter dry-weather and wet-weather exceedance days 
based on additional data on bacterial indicator densities in the wave wash; to 
re-evaluate the reference system selected to set allowable exceedance levels; to 
re-evaluate the reference year used in the calculation of allowable exceedance 
days, and to re-evaluate the need for revision of the geometric mean 
implementation provision. 

The Regional Board also intends to re-asses the WLAs for Benedict Canyon 
Channel, Sepulveda Channel, and Centinela Creek based on results of the 
required compliance monitoring, and/or any voluntary beneficial use 
investigations.  
 

Margin of Safety By directly applying the numeric water quality standards and implementation 
procedures as Waste Load Allocations, there is little uncertainty about whether 
meeting the TMDLs will result in meeting the water quality standards. 

Seasonal Variations and Critical 
Conditions 

Seasonal variations are addressed by developing separate waste load 
allocations for three time periods (summer dry-weather, winter-dry weather, 
and wet-weather) based on public health concerns and observed natural 
background levels of exceedance of bacterial indicators.  

The critical condition for bacteria loading to the Ballona Creek, Ballona 
Estuary, and Sepulveda Channel is during wet weather when monitoring data 
indicate greater exceedance probabilities of the single sample bacteria 
objectives than during dry-weather. 

The Santa Monica Bay Beaches Bacteria TMDL identified the critical 
condition within wet weather more specifically, in order to set the allowable 
number of exceedances of the single sample limit days. The 90th percentile 
storm year in terms of wet days was used as the reference year. The 90th 
percentile year was selected for several reasons.  First, selecting the 90th 
percentile year avoids an untenable situation where the reference system is 
frequently out of compliance.  Second, selecting the 90th percentile year allows 
responsible jurisdictions and responsible agencies to plan for a ‘worst-case 
scenario’, as a critical condition is intended to do 
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Element Key Findings and Regulatory Provisions 
Monitoring 

 

 

 

 

 

 

 

 

The TMDL effectiveness monitoring program will assess attainment of the 
allowable exceedances for Ballona Creek, Ballona Estuary, and Sepulveda 
Channel, and the WLAs for the tributaries. Responsible jurisdictions and 
responsible agencies shall conduct daily or systematic weekly sampling at a 
minimum of two locations within Ballona Estuary and Reach 2 of Ballona 
Creek, at least one location each in Reach 1 of Ballona Creek and Sepulveda 
Channel, and at the confluence with Centinela Creek and Benedict Canyon 
Channel, to determine compliance. Similar monitoring at the connecting tide 
gates of Del Rey Lagoon is also required.  Where monitoring locations are 
located at or close to the boundary of two reaches, data from sampling points 
will also be used to assess the immediate downstream reach. This will ensure 
that the downstream reaches, which have more stringent water quality 
objectives, are adequately protected. 

If the number of exceedance days is greater than the allowable number of 
exceedance days in the REC-1 and LREC-1 waters, and/or the frequency of 
exceedance is greater than 10% in the REC-2 waters, the responsible 
jurisdictions and/or responsible agencies shall be considered not to be attaining 
the TMDLs and/or assigned allocations (non-attaining). Responsible 
jurisdictions or agencies shall not be deemed non-attaining  if the investigation 
described in the paragraph below demonstrates that bacterial sources 
originating within the jurisdiction of the responsible agency have not caused or 
contributed to the exceedance. 

If an in-stream location is non-attaining as determined in the previous 
paragraph, the Regional Board shall require responsible agencies to initiate an 
investigation, which at a minimum shall include daily sampling at the existing 
monitoring location until all single sample events meet bacteria water quality 
objectives.  

 

Special Studies Should the jurisdictional agency for Del Rey Lagoon opt for the natural source 
exclusion, the TMDL requires that  a separate bacteria source identification 
study be conducted to determine its eligibility.. The study should identify all 
probable sources of bacteria loads, their estimated contributions to the Lagoon, 
and a determination of the frequency of exceedances of the single sample 
bacteria objectives caused by the identified natural sources. 
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Table 7.21.2a: Ballona Creek, Ballona Estuary and Sepulveda Channel Bacteria TMDL: Final Allowable 
Exceedance Days by Reach 

Time Period Ballona Estuary, Ballona Creek  Reach 2, 
and Sepulveda Channel * 

Ballona Creek Reach 1** 

Summer Dry-Weather  

(April 1 to October 31) 

Zero (0) exceedance days based on the 
applicable Single Sample Bacteria Water 
Quality Objectives 

 

Zero (0) exceedance days based on the 
Rolling 30-Day Geometric Mean Bacteria 
Water Quality Objectives 

 

No more than 10% of the Single Sample 
Bacteria Water Quality Objectives 
 
 

Zero (0) exceedance days based on the 
Rolling 30-Day Geometric Mean Bacteria 
Water Quality Objectives 

 

Winter Dry-Weather  

(November 1-March 31) 

Three (3) exceedance days based on the 
applicable  Single Sample Bacteria Water 
Quality Objectives 

 

Zero (0) exceedance days based on the 
Rolling 30-Day Geometric Mean Bacteria 
Water Quality Objectives 

No more than 10% of the Single Sample 
Bacteria Water Quality Objectives 
 
 

Zero (0) exceedance days based on the 
Rolling 30-Day Geometric Mean Bacteria 
Water Quality Objectives 

 
Wet-Weather   

(days with ≥0.1 inch of rain 
+ 3 days following the rain 
event) 

17*** exceedance days based on the 
applicable Single Sample Bacteria Water 
Quality Objectives 

 

Zero (0) exceedance days based on the 
Rolling 30-Day Geometric Mean Bacteria 
Water Quality Objectives 

No more than 10% of the Single Sample 
Bacteria Water Quality Objectives 
 
 

Zero (0) exceedance days based on the 
Rolling 30-Day Geometric Mean Bacteria 
Water Quality Objectives 

 
* Exceedance days for Ballona Estuary based on REC-1 marine water numeric targets; for Ballona Creek Reach 2 based on 
LREC-1 freshwater numeric targets; and for Sepulveda Channel, based on fresh water REC-1 numeric targets            
**Exceedance frequency for Ballona Creek Reach 1 based on freshwater REC-2 numeric targets 
*** In Reach 2, the greater of the allowable exceedance  days under the reference system approach or high flow suspension shall 
apply. 
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Table 7.21.2b: Ballona Creek, Ballona Estuary and Sepulveda Channel Bacteria TMDL: WLAs and LAs for 
tributaries to the Impaired Reaches. 

Tributary Point of Application Water Quality 
Objectives Waste Load Allocation   (No. 

exceedance days)       

Ballona Creek Reach 1  At confluence with Reach 2 LREC-1 
Freshwater 

For single sample objectives: 
(0) summer dry weather,  
(3) winter dry weather 
(17*) winter wet weather 
 
For geometric mean objectives: 
(0)  for all periods  

Benedict Canyon 
Channel 

At confluence with Reach 2 LREC-1 
Freshwater 

For single sample objectives: 
(0) summer dry weather,  
(3) winter dry weather 
(17*) winter wet weather 
 
For geometric mean objectives: 
(0)  for all periods  

Ballona Creek Reach 2 At confluence with Ballona 
Estuary 
 

REC-1 
Marine water 

For single sample objectives: 
(0) summer dry weather,  
(3) winter dry weather 
(17) winter wet weather 
 
For geometric mean objectives: 
(0)  for all periods  

Centinela Creek At confluence with Ballona 
Estuary 
 

REC-1 
Marine water 

For single sample objectives: 
(0) summer dry weather,  
(3) winter dry weather 
(17) winter wet weather 
 
For geometric mean objectives: 
(0)  for all periods  

Del Rey Lagoon At confluence with Ballona 
Estuary 
 

REC-1 
Marine water 

For single sample objectives: 
(0) summer dry weather,  
(3)winter dry weather 
(17) winter wet weather 
 
For geometric mean objectives: 
(0)  for all periods  

*At the confluence with Reach 2, the greater of the allowable exceedance days under the reference system approach or high flow suspension shall 
apply. 
Sepulveda Channel was not assigned a waste load allocation at its confluence with Reach 2 since the TMDL requires the more stringent REC-1 
objectives to be met in this waterbody, which should lead to the attainment of the less stringent LREC-1 objectives of the downstream reach. 
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Table 7.21.3  Ballona Creek, Ballona Estuary and Sepulveda Channel Bacteria TMDL: Significant Dates 

Date Action 

Responsible Jurisdictions for the Waste Load Allocations 

12 months after the effective date of 
the TMDL 

Responsible jurisdictions and responsible agencies must submit, 
for Regional Board approval, a comprehensive bacteria water 
quality monitoring plan for the Ballona Creek Watershed. The 
plan must be approved by the Executive Officer before the 
monitoring data can be considered during the implementation of 
the TMDL. The plan must provide for analyses of all applicable 
bacteria indicators for which the Basin Plan and subsequent 
amendments have established objectives The plan must also 
include a minimum of two sampling locations (mid-stream and 
downstream) in Ballona Estuary, Ballona Creek (Reach 1 and 2), 
and their tributaries.  

 

The draft monitoring report shall be made available for public 
comment and the Executive Officer shall accept public comments 
for at least 30 days.  Once the coordinated monitoring plan is 
approved by the Executive Officer, monitoring shall commence 
within 6 months.  

 

21/2 years after the effective date of the 
TMDL 

Responsible jurisdictions and agencies must provide a draft 
Implementation Plan to the Regional Board outlining how each 
intends to cooperatively achieve compliance with the dry-weather 
and wet-weather TMDL Waste Load Allocations.  The report 
shall include implementation methods, an implementation 
schedule, and proposed milestones.  The description of the 
implementation methods and milestones shall include a 
technically defensible quantitative linkage to the interim and final 
waste load allocations (WLAs). The linkage should include target 
reductions in stormwater runoff and/or fecal indicator bacteria. 
The plan shall include quantitative estimates of the water quality 
benefits provided by the proposed structural and non-structural 
BMPs. Estimates should address reductions in exceedance days, 
bacteria concentration and loading, and flow in the drain and at 
each beach compliance monitoring location. 

As part of the draft plan, responsible agencies must submit results 
of all special studies and/or Environmental Impact Assessments, 
designed to determine feasibility of any strategy that requires 
diversion and/or reduction of Creek flows. 

 

If a responsible jurisdiction or agency is requesting a longer 
schedule for wet-weather compliance based on an integrated 
approach, the plan must include a clear demonstration that the 
plan meets the criteria of an IWRA, and a clear demonstration of 
the need for the proposed schedule.  Compliance with the wet-
weather allocations shall be as soon as possible but under no 
circumstances shall it exceed the time frame adopted in the 
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Date Action 
TMDL for non-integrated approaches or for an integrated 
approach. 

 

The draft Plan shall be made available for public comment and 
the Executive Officer shall accept public comments for at least 30 
days. 

3 months after receipt of Regional 
Board comments on the draft plan 

Responsible jurisdictions and agencies submit a Final 
Implementation Plan to the Regional Board. 

Responsible agencies for Load Allocations 

1 year after the effective date of the 
TMDL 

Responsible agencies must submit, for Regional Board approval, 
separate comprehensive bacteria water quality monitoring plans 
for inputs from Del Rey Lagoon and the Ballona Wetlands to the 
Ballona Estuary. Each plan must be approved by the Executive 
Officer before the monitoring data can be considered during the 
implementation of the TMDL. The plan must provide for 
analyses of all applicable bacteria indicators for which the Basin 
Plan and subsequent amendments have established objectives The 
plan must also include a minimum of one sampling location at the 
connecting tide gate(s).  

 

The draft monitoring reports shall be made available for public 
comment and the Executive Officer shall accept public comments 
for at least 30 days.  Once a coordinated monitoring plan is 
approved by the Executive Officer, monitoring shall commence 
within 6 months.  

 

3 years after the effective date of the 
TMDL. 

If the responsible agency for the Del Rey Lagoon intends to 
pursue a natural source exclusion, it shall submit the results of 
separate natural source study for the Lagoon to the Executive 
Officer of the Regional Board.  The study shall include a 
comprehensive assessment of all sources of bacteria loads to the 
Lagoon and estimates of their individual contributions. In 
addition, a determination of the number of exceedance days 
caused by these sources should be made  

 

These studies shall be made available for public comment and the 
Executive Officer shall accept public comments for at least 30 
days.  

Responsible Agencies for WLAs and LAs* (*Only if not eligible for natural source exclusion(s) 

4 years after the effective date of  the 
TMDL:  

The Regional Board shall reconsider this TMDL to: 

(1) Re-assess the allowable winter dry-weather and wet-weather 
exceedance days based on a re-evaluation of the selected 
reference watershed and consideration of other reference 
watersheds that may better represent reaches of Ballona 
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Date Action 
Creek and Estuary, 

(2) Consider whether the allowable winter dry-weather and wet-
weather exceedance days  should be adjusted annually 
dependent on the rainfall conditions and an evaluation of 
natural variability in exceedance levels in the reference 
system(s),  

(3) Re-evaluate the reference year used in the calculation of 
allowable exceedance days, and  

(4) Re-evaluate whether there is a need for further clarification 
or revision of the geometric mean implementation provision. 

(5) Consider natural source exclusions for bacteria loading from 
Del Rey Lagoon and the Ballona Wetlands based on results 
of the source identification study.  

(6) Re-assess WLAs for Benedict Canyon Channel, Sepulveda 
Channel, and Centinela Creek based on results of the 
required compliance monitoring, and/or any voluntary 
beneficial use investigations.  

 

6 years after the effective date of  the 
TMDL:  

Achieve compliance with the allowable exceedance days for 
summer and winter dry-weather as set forth in Table 6-1 and 
rolling 30-day geometric mean targets. 

 

10 years after effective date of the 
TMDL or, if an Integrated Water 
Resources Approach is implemented, 
up to July 15, 2021.*  

Achieve compliance with the allowable exceedance days as set 
forth in Table 6-1 and rolling 30-day geometric mean targets 
during wet-weather.  

*July 15, 2021  is the final compliance  date of the Santa Monica Bay Beaches Bacteria Wet-Weather TMDL. 
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Amendment to the Water Quality Control Plan – Los Angeles Region to incorporate the 
Ballona Creek Metals TMDL 

 
Adopted by the California Regional Water Quality Control Board, Los Angeles Region on September 6, 
2007. 
 
 

Amendments: 
 
Table of Contents 
Add: 
 
Chapter 7. Total Maximum Daily Loads (TMDLs) Summaries 

7-12 Ballona Creek Metals TMDL 
 
List of Figures, Tables and Inserts 
Add: 

Chapter 7. Total Maximum Daily Loads (TMDLs) 
Tables 
7-12 Ballona Creek Metals TMDL 

7-12.1. Ballona Creek Metals TMDL: Elements 
7-12.2. Ballona Creek Metals TMDL: Implementation Schedule 

 
 
Chapter 7. Total Maximum Daily Loads (TMDLs) Summaries, Section 7-12 (Ballona Creek Metals 
TMDL) 
Add: 
 
This TMDL was adopted by the Regional Water Quality Control Board on September 6, 2007. 
 
This TMDL was approved by: 
 
The State Water Resources Control Board on [insert date]. 
The Office of Administrative Law on [insert date]. 
The U.S. Environmental Protection Agency on [insert date]. 
 
The following tables include the elements of this TMDL. 
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Table 7-12.1. Ballona Creek Metals TMDL: Elements 
Element Key Findings and Regulatory Provisions 
Problem Statement Ballona Creek is on Clean Water Act Section 303(d) list of impaired 

waterbodies for dissolved copper, dissolved lead, total selenium, and 
dissolved zinc and Sepulveda Canyon Channel is 303(d) listed for lead. 
The metals subject to this TMDL are toxic pollutants, and the existing 
water quality objectives for the metals reflect national policy that the 
discharge of toxic pollutants in toxic amounts be prohibited.  When one 
of the metals subject to this TMDL is present at levels exceeding the 
existing numeric objectives, then the receiving water is toxic.  The 
following designated beneficial uses are impaired by these metals: 
water contact recreation (REC1); non-contact water recreation (REC2); 
warm freshwater habitat (WARM); estuarine habitat (EST); marine 
habitat (MAR); wildlife habitat (WILD); rare and threatened or 
endangered species (RARE); migration of aquatic organisms (MIGR); 
reproduction and early development of fish (SPWN); commercial and 
sport fishing (COMM); and shellfish harvesting (SHELL). 

TMDLs are developed for reaches on the 303(d) list and metal 
allocations are developed for tributaries that drain to impaired reaches.  
This TMDL address dry- and wet-weather discharges of copper, lead, 
selenium and zinc in Ballona Creek and Sepulveda Canyon Channel. 

Numeric Target  
(Interpretation of the narrative 
and numeric water quality 
objective, used to calculate the 
load allocations) 

Numeric water quality targets are based on the numeric water quality 
standards established for metals by the California Toxics Rule (CTR).  
The targets are expressed in terms of total recoverable metals. There are 
separate numeric targets for dry and wet weather because hardness 
values and flow conditions in Ballona Creek and Sepulveda Canyon 
Channel vary between dry and wet weather.  The dry-weather targets 
apply to days when the maximum daily flow in Ballona Creek is less 
than 40 cubic feet per second (cfs).  The wet-weather targets apply to 
days when the maximum daily flow in Ballona Creek is equal to or 
greater than 40 cfs. 

Dry Weather 

The dry-weather targets are based on the chronic CTR criteria.  The 
copper, lead and zinc targets are dependent on hardness to adjust for 
site-specific conditions and require conversion factors to convert 
between dissolved and total recoverable metals.  These targets are 
based on the 50th percentile hardness value of 300 mg/L and the CTR 
default conversion factors.  The conversion factor for lead is hardness 
dependent, which is also based on a hardness of 300 mg/L.  The dry-
weather target for selenium is independent of hardness and expressed as 
total recoverable metals. 

 Dry-weather numeric targets (µg total recoverable metals/L)  
 Dissolved Conversion Factor Total Recoverable  
Copper 23 0.96 24 
Lead 8.1 0.631 13 
Selenium   5 
Zinc 300 0.986 304 
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Element Key Findings and Regulatory Provisions 
 
Wet Weather 

The wet-weather targets for copper, lead and zinc are based on the 
acute CTR criteria and the 50th percentile hardness value of 77 mg/L for 
storm water collected at Sawtelle Boulevard.  Conversion factors for 
copper and zinc are based on a regression of dissolved metal values to 
total metal values collected at Sawtelle.  The CTR default conversion 
factor based on a hardness value of 77 mg/L is used for lead.  The wet-
weather target for selenium is independent of hardness and expressed as 
total recoverable metals. 

 Wet-weather numeric targets (µg total recoverable metals/L)  
 Dissolved Conversion Factor Total Recoverable  
Copper 11 0.62 18 
Lead 49 0.829 59 
Selenium   5 
Zinc 94 0.79 119 

Source Analysis There are significant difference in the sources of copper, lead, selenium 
and zinc loadings during dry weather and wet weather.  During dry 
weather, most of the metals loadings are in the dissolved form.  Storm 
drains convey a large percentage of the metals loadings during dry 
weather because although their flows are typically low, concentrations 
of metals in urban runoff may be quite high.  During dry years, dry-
weather loadings account for 25-35% of the annual metals loadings.  
Additional sources of dry weather flow and metals loading include 
groundwater discharge and flows from other permitted NPDES 
discharges within the watershed. 

During wet weather, most of the metals loadings in Ballona Creek are 
in the particulate form and are associated with wet-weather storm water 
flows.  On an annual basis, storm water contributes about 91% of the 
copper loading and 92% of the lead loading to Ballona Creek.  Storm 
water flow is permitted through the municipal separate storm sewer 
system (MS4) permit issued to the County of Los Angeles, a separate 
Caltrans storm water permit, a general construction storm water permit, 
and a general industrial storm water permit. 

Non-point sources are not considered to be a significant source in this 
TMDL.  Direct atmospheric deposition of metals is insignificant 
relative to the annual dry-weather loading or the total annual loading.  
Indirect atmospheric deposition reflects the process by which metals 
deposited on the land surface may be washed off during storm events 
and delivered to Ballona Creek and its tributaries.  The loading of 
metals associated with indirect atmospheric deposition are accounted 
for in the estimates of the storm water loading. 

 

 



Attachment A to Resolution No. R2007-015 

 
4  

Element Key Findings and Regulatory Provisions 
Loading Capacity TMDLs are developed for copper, lead, selenium and zinc for Ballona 

Creek and Sepulveda Canyon Channel. 

Dry Weather 

Dry-weather loading capacities for Ballona Creek and Sepulveda 
Canyon Channel are equal to the dry-weather numeric targets 
multiplied by the critical dry-weather flow for each waterbody.  Based 
on long-term flow records for Ballona Creek at Sawtelle the median 
dry-weather flow is 14 cfs.  The median dry-weather flow for 
Sepulveda Canyon Channel, based on measurements conducted in 
2003, is 6.3 cfs. 

Dry-weather loading capacity (grams total recoverable metals/day)  
 Copper Lead Selenium Zinc  
Ballona Creek 821 440 171 10,423 
Sepulveda Channel 371 199 77 4,712 
 
Wet Weather 

Wet-weather loading capacities are calculated by multiplying the daily 
storm volume by the wet-weather numeric target for each metal. 

 Wet-weather loading capacity (total recoverable metals)  
Metal Load Capacity  
Copper Daily storm volume  x  18 µg/L 
Lead Daily storm volume  x  59 µg/L 
Selenium Daily storm volume  x  5 µg/L 
Zinc Daily storm volume  x  119 µg/L 

Load Allocations (for nonpoint 
sources) 

Load allocations (LA) are assigned to non-point sources for Ballona 
Creek and Sepulveda Canyon Channel. 

Dry Weather 

Dry-weather load allocations for copper, lead and zinc are developed 
for direct atmospheric deposition.  The mass-based load allocations are 
equal to the ratio of the length of each segment over the total length 
multiplied by the estimates of direct atmospheric loading for Ballona 
Creek (3.5 g/day for copper, 2.3 g/day for lead, and 11.7 k/day for 
zinc). 

 Dry-weather direct air deposition LAs (total recoverable metals)  
 Copper (g/day) Lead (g/day) Zinc (g/day)  
Ballona Creek 2.0 1.4 6.8 
Sepulveda Channel 0.3 0.2 0.9 
 
Wet Weather 

Wet-weather load allocations for copper, lead, selenium and zinc are 
developed for direct atmospheric deposition.  The mass-based load 
allocations for direct atmospheric deposition are equal to the percent 
area of surface water (0.6%) multiplied by the total loading capacity. 
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Element Key Findings and Regulatory Provisions 
 Wet-weather direct air deposition LAs (total recoverable metals)  

 Load Allocation (grams/day)  
Copper 1.05E-07  x  Daily storm volume (L) 
Lead 3.54E-07  x  Daily storm volume (L) 
Selenium 3.00E-08  x  Daily storm volume (L) 
Zinc 7.14E-07  x  Daily storm volume (L) 

Waste Load Allocations (for 
point sources) 

Waste load allocations (WLA) are assigned to point sources for Ballona 
Creek and Sepulveda Canyon Channel.  A grouped mass-based waste 
load allocation is developed for the storm water permittees (Los 
Angeles County MS4, Caltrans, General Construction and General 
Industrial) by subtracting the load allocation from the total loading 
capacity.  Concentration-based waste load allocations are developed for 
other point sources in the watershed. 

Dry Weather 

Dry-weather waste load allocation for storm water is equal to the dry-
weather critical flow multiplied by the dry-weather numeric target 
minus the load allocation for direct atmospheric deposition. 

Dry-weather Storm Water WLAs 
 (grams total recoverable metals/day)  
 Copper Lead Selenium Zinc  
Ballona Creek 818.9 438.6 171 10,416.2 
Sepulveda Channel 370.7 198.8 77 4,711.1 
 
A waste load allocation of zero is assigned to all general construction 
and industrial storm water permits during dry weather.  Therefore, the 
storm water waste load allocations are apportioned between the MS4 
permittees and Caltrans, based on an areal weighting approach. 

Dry-weather Storm Water WLAs Apportioned between 
 Storm Water Permits (grams total recoverable metals/day)  
 Copper Lead Selenium Zinc  
Ballona Creek 
 MS4 permittees 807.7 432.6 169 10,273.1 
 Caltrans 11.2 6.0 2 143.1 
Sepulveda Channel 
 MS4 Permittees 365.6 196.1 76 4646.4 
 Caltrans 5.1 2.7 1 64.7 
 
Concentration-based dry-weather waste load allocations are assigned to 
the minor NPDES permits and general non-storm water NPDES 
permits that discharge to Ballona Creek or its tributaries.  Any future 
minor NPDES permits or enrollees under a general non-storm water 
NPDES permit will also be subject to the concentration-based waste 
load allocations. 

 Dry-weather WLAs for other permits (total recoverable metals)  
 Copper (µg/L) Lead (µg/L) Selenium (µg/L) Zinc (µg/L)  
 24 13 5 304 
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Element Key Findings and Regulatory Provisions 
 
Wet Weather 

Wet-weather waste load allocation for storm water is equal to the total 
loading capacity minus the load allocation for direct atmospheric 
deposition.  Wet-weather waste load allocations for the grouped storm 
water permittees apply to all reaches and tributaries. 

 Wet-weather Storm Water WLAs (total recoverable metals)  
 Waste Load Allocation (grams/day)  
Copper 1.79E-05  x  Daily storm volume (L) 
Lead 5.87E-05  x  Daily storm volume (L) 
Selenium 4.97E-06  x  Daily storm volume (L) 
Zinc 1.18E-04  x  Daily storm volume (L) 
 
The storm water waste load allocations are apportioned between the 
MS4 permittees, Caltrans, the general construction and the general 
industrial storm water permits based on an areal weighting approach. 

Wet-weather Storm Water WLAs Apportioned 
 Between Storm Water Permits (total recoverable metals)  
 Waste Load Allocation (grams/day)  
Copper 
 MS4 Permittees 1.70E-05  x  Daily storm volume (L) 
 Caltrans 2.37E-07  x  Daily storm volume (L) 
 General Construction 4.94E-07  x  Daily storm volume (L) 
 General Industrial 1.24E-07  x  Daily storm volume (L) 
Lead 
 MS4 Permittees 5.58E-05  x  Daily storm volume (L) 
 Caltrans 7.78E-07  x  Daily storm volume (L) 
 General Construction 1.62E-06  x  Daily storm volume (L) 
 General Industrial 4.06E-07  x  Daily storm volume (L) 
Selenium 
 MS4 Permittees 4.73E-06  x  Daily storm volume (L) 
 Caltrans 6.59E-08  x  Daily storm volume (L) 
 General Construction 1.37E-07  x  Daily storm volume (L) 
 General Industrial 3.44E-08  x  Daily storm volume (L) 
Zinc 
 MS4 Permittees 1.13E-04  x  Daily storm volume (L) 
 Caltrans 1.57E-06  x  Daily storm volume (L) 
 General Construction 3.27E-06  x  Daily storm volume (L) 
 General Industrial 8.19E-07  x  Daily storm volume (L) 
 
 
Each storm water permittee enrolled under the general construction or 
industrial storm water permits will receive an individual waste load 
allocation on a per acre basis, based on the acreage of their facility. 

 

 



Attachment A to Resolution No. R2007-015 

 
7  

Element Key Findings and Regulatory Provisions 
Individual per Acre WLAs for General Construction or 

 Industrial Storm Water Permittees (total recoverable metals)  
 Waste Load Allocation (grams/day/acre)  
Copper 2.20E-10  x  Daily storm volume (L) 
Lead 7.20E-10  x  Daily storm volume (L) 
Selenium 6.10E-11  x  Daily storm volume (L) 
Zinc 1.45E-09  x  Daily storm volume (L) 
 
Concentration-based wet-weather waste load allocations are assigned to 
the minor NPDES permits and general non-storm water NPDES 
permits that discharge to Ballona Creek or its tributaries.  Any future 
minor NPDES permits or enrollees under a general non-storm water 
NPDES permit will also be subject to the concentration-based waste 
load allocations. 

 Wet-weather WLAs for other permits (total recoverable metals)  
 Copper (µg/L) Lead (µg/L) Selenium (µg/L) Zinc (µg/L)  
 18 59 5 119 

Margin of Safety There is an implicit margin of safety through the use of conservative 
values for the conversion from total recoverable metals to the dissolved 
fraction during dry and wet weather.  In addition, the TMDL includes a 
margin of safety by evaluating dry-weather and wet-weather conditions 
separately and assigning allocations based on two disparate critical 
conditions. 

Implementation The regulatory mechanisms used to implement the TMDL will include 
the Los Angeles County Municipal Storm Water NPDES Permit 
(MS4), the State of California Department of Transportation (Caltrans) 
Storm Water Permit, minor NPDES permits, general NPDES permits, 
general industrial storm water NPDES permits, and general 
construction storm water NPDES permits. Nonpoint sources will be 
regulated through the authority contained in Sections 13263 and 13269 
of the Water Code, in conformance with the State Water Resources 
Control Board’s Nonpoint Source Implementation and Enforcement 
Policy (May 2004).  Each NPDES permit assigned a WLA shall be 
reopened or amended at re-issuance, in accordance with applicable 
laws, to incorporate the applicable WLAs as a permit requirement. 

The Regional Board shall reconsider this TMDL by January 11, 2011 
based on additional data obtained from special studies.  Table 7-12.2 
presents the implementation schedule for the responsible permittees. 

Minor NPDES Permits and General Non-Storm Water NPDES 
Permits: 

Permit writers may translate applicable waste load allocations into 
effluent limits for the minor and general NPDES permits by applying 
the effluent limitation procedures in Section 1.4 of the State Water 
Resources Control Board’s Policy for Implementation of Toxics 
Standards for Inland Surface Waters, Enclosed Bays, and Estuaries of 
California (2000) or other applicable engineering practices authorized 
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Element Key Findings and Regulatory Provisions 
under federal regulations.  Compliance schedules may be established in 
individual NPDES permits, allowing up to 5 years within a permit cycle 
to achieve compliance.  Compliance schedules may not be established 
in general NPDES permits.  A discharger that can not comply 
immediately with effluent limitations specified to meet waste load 
allocations will be required to apply for an individual permit, in order 
to, demonstrate the need for a compliance schedule. 

Permittees that hold individual NPDES permits and solely discharge 
storm water may be allowed (at Regional Board discretion) compliance 
schedules up to January 11, 2016 to achieve compliance with final 
WLAs. 

 

General Industrial Storm Water Permits: 

The Regional Board will develop a watershed specific general 
industrial storm water permit to incorporate waste load allocations.  

Dry-weather Implementation 

Non-storm water flows authorized by Order No. 97-03 DWQ, or any 
successor order, are exempt from the dry-weather waste load allocation 
equal to zero.  Instead, these authorized non-storm water flows shall 
meet the concentration-based waste load allocations assigned to the 
other NPDES Permits.  The dry-weather waste load allocation equal to 
zero applies to unauthorized non-storm water flows, which are 
prohibited by Order No. 97-03 DWQ. 

It is anticipated that the dry-weather waste load allocations will be 
implemented by requiring improved best management practices 
(BMPs) to eliminate the discharge of non-storm water flows. However, 
the permit writers must provide adequate justification and 
documentation to demonstrate that specified BMPs are expected to 
result in attainment of the numeric waste load allocations. 

Wet-weather Implementation 

The general industrial storm water permittees are allowed interim wet-
weather concentration-based waste load allocations based on 
benchmarks contained in EPA’s Storm Water Multi-sector General 
Permit for Industrial Activities.  The interim waste load allocations 
apply to all industry sectors until no later than January 11, 2016. 

Interim Wet-Weather WLAs for General Industrial Storm Water 
Permittees (total recoverable metals)  
 Copper (µg/L) Lead (µg/L) Selenium (µg/L) Zinc (µg/L)  
 63.6 81.6 238.5 117 
 
Until January 11, 2011, interim waste load allocations will not be 
interpreted as enforceable permit conditions. If monitoring 
demonstrates that interim waste load allocations are being exceeded, the 
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Element Key Findings and Regulatory Provisions 
permittee shall evaluate existing and potential BMPs, including 
structural BMPs, and implement any necessary BMP improvements.  It 
is anticipated that monitoring results and any necessary BMP 
improvements would occur as part of an annual reporting process.  
After January 11, 2011, interim waste load allocations shall be 
translated into enforceable permit conditions.  Compliance with permit 
conditions may be demonstrated through the installation, maintenance, 
and monitoring of Regional Board-approved BMPs.  If this method of 
compliance is chosen, permit writers must provide adequate 
justification and documentation to demonstrate that BMPs are expected 
to result in attainment of interim waste load allocations. 

The general industrial storm water permits shall achieve final wet-
weather waste load allocations no later than January 11, 2016, which 
shall be expressed as NPDES water quality-based effluent limitations.  
Effluent limitations may be expressed as permit conditions, such as the 
installation, maintenance, and monitoring of Regional Board-approved 
BMPs if adequate justification and documentation demonstrate that 
BMPs are expected to result in attainment of waste load allocations. 

General Construction Storm Water Permits: 

Waste load allocations will be incorporated into the State Board general 
permit upon renewal or into a watershed-specific general permit 
developed by the Regional Board. 

Dry-weather Implementation 

Non-storm water flows authorized by the General Permit for Storm 
Water Discharges Associated with Construction Activity (Water 
Quality Order No. 99-08 DWQ), or any successor order, are exempt 
from the dry-weather waste load allocation equal to zero as long as they 
comply with the provisions of sections C.3 and A.9 of the Order No. 
99-08 DWQ, which state that these authorized non-storm discharges 
shall be (1) infeasible to eliminate (2) comply with BMPs as described 
in the Storm Water Pollution Prevention Plan prepared by the 
permittee, and (3) not cause or contribute to a violation of water quality 
standards, or comparable provisions in any successor order. 
Unauthorized non-storm water flows are already prohibited by Order 
No. 99-08 DWQ. 

Wet-weather Implementation 

By January 11, 2013, the construction industry will submit the results 
of BMP effectiveness studies to determine BMPs that will achieve 
compliance with the final waste load allocations assigned to 
construction storm water permittees.  Regional Board staff will bring 
the recommended BMPs before the Regional Board for consideration 
by January 11, 2014. General construction storm water permittees will 
be considered in compliance with final waste load allocations if they 
implement these Regional Board approved BMPs.  All permittees must 
implement the approved BMPs by January 11, 2015.  If no 
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Element Key Findings and Regulatory Provisions 
effectiveness studies are conducted and no BMPs are approved by the 
Regional Board by January 11, 2014, each general construction storm 
water permit holder will be subject to site-specific BMPs and 
monitoring requirements to demonstrate compliance with final waste 
load allocations. 

MS4 and Caltrans Storm Water Permits: 

The County of Los Angeles, City of Los Angeles, Beverly Hills, Culver 
City, Inglewood, Santa Monica, and West Hollywood are jointly 
responsible for meeting the mass-based waste load allocations for the 
MS4 permittees.  Caltrans is responsible for meeting their mass-based 
waste load allocations, however, they may choose to work with the 
MS4 permittees.  The primary jurisdiction for the Ballona Creek 
watershed is the City of Los Angeles. 

Applicable CTR limits are being met most of the time during dry 
weather, with episodic exceedances.  Due to the expense of obtaining 
accurate flow measurements required for calculating loads, 
concentration-based permit limits may apply during dry weather.  These 
concentration-based limits would be equal to the dry-weather 
concentration-based waste load allocations assigned to the other 
NPDES permits. 

Each municipality and permittee will be required to meet the storm 
water waste load allocation at the designated TMDL effectiveness 
monitoring points.  A phased implementation approach, using a 
combination of non-structural and structural BMPs may be used to 
achieve compliance with the stormwater waste load allocations.  The 
administrative record and the fact sheets for the MS4 and Caltrans 
storm water permits must provide reasonable assurance that the BMPs 
selected will be sufficient to implement the waste load allocations. 

The implementation schedule for the MS4 and Caltrans permittees 
consists of a phased approach, with compliance to be achieved in 
prescribed percentages of the watershed, with total compliance to be 
achieved within 15 years. 

Seasonal Variations and 
Critical Conditions 

Seasonal variations are addressed by developing separate waste load 
allocations for dry weather and wet weather. 

Based on long-term flow records, dry-weather flows in Ballona Creek 
are estimated to be 14 cubic feet per second (cfs).  Since, this flow has 
been very consistent, 14 cfs is used to define the critical dry-weather 
flow for Ballona Creek at Sawtelle Boulevard (upstream of Sepulveda 
Canyon Channel).  There are no historic flow records to determine the 
average long-term flows for Sepulveda Canyon Channel.  Therefore, in 
the absence of historical records the 2003 dry-weather characterization 
study measurements are assumed reasonable estimates of flow for this 
channel.  The critical dry-weather flow for Sepulveda Canyon Channel 
is defined as the average flow of 6.3 cfs. 

Wet-weather allocations are developed using the load-duration curve 
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Element Key Findings and Regulatory Provisions 
concept.  The total wet-weather waste load allocation varies by storm, 
therefore, given this variability in storm water flows, no justification 
was found for selecting a particular sized storm as the critical condition. 

Monitoring Effective monitoring will be required to assess the condition of the 
Ballona Creek and to assess the on-going effectiveness of efforts by 
dischargers to reduce metals loading to Ballona Creek.  Special studies 
may also be appropriate to provide further information about new data, 
new or alternative sources, and revised scientific assumptions.  Below 
the Regional Board identifies the various goals of monitoring efforts 
and studies.  The programs, reports, and studies will be developed in 
response to subsequent orders issued by the Executive Officer. 

Ambient monitoring 

An ambient monitoring program is necessary to assess water quality 
throughout Ballona Creek and its tributaries and the progress being 
made to remove the metals impairments.   The MS4 and Caltrans storm 
water NPDES permittees are jointly responsible for implementing the 
ambient monitoring program.  The responsible agencies shall analyze 
samples for total recoverable metals and dissolved metals, including 
cadmium and silver, and hardness once a month at each monitoring 
location.  The reported detection limits shall be lower than the hardness 
adjusted CTR criteria to determine if water quality objectives are being 
met.  There are three ambient monitoring locations. 

 Ambient Monitoring Locations  
Waterbody Location  
Ballona Creek At Sawtelle Boulevard 
Sepulveda Channel Just Above the Confluence with Ballona Creek 
Ballona Creek At Inglewood Boulevard 

TMDL Effectiveness Monitoring 

The MS4 and Caltrans storm water NPDES permittees are jointly 
responsible for assessing the progress in reducing pollutant loads to 
achieve the TMDL.  The MS4 and Caltrans storm water NPDES 
permittees are required to submit for approval of the Executive Officer 
a coordinated monitoring plan that will demonstrate the effectiveness of 
the phased implementation schedule for this TMDL, which requires 
attainment of the applicable waste load allocations in prescribed 
percentages of the watershed over a 15-year period.  The monitoring 
locations specified for the ambient monitoring program may be used as 
the effectiveness monitoring locations. 

The MS4 and Caltrans storm water NPDES permittees will be found to 
be effectively meeting the dry-weather waste load allocations if the in-
stream pollutant concentrations or load at the first downstream 
monitoring location is equal to or less than the corresponding 
concentration- or load-based waste load allocation.  Alternatively, 
effectiveness of the TMDL may be assessed at the storm drain outlet 
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Element Key Findings and Regulatory Provisions 
based on the concentration-based waste load allocation for the receiving 
water.  For storm drains that discharge to other storm drains, the waste 
load allocation will be based on the waste load allocation for the 
ultimate receiving water for that storm drain system. 

The MS4 and Caltrans storm water NPDES permittees will be found to 
be effectively meeting the wet-weather waste load allocations if the 
loading at the most downstream monitoring location is equal to or less 
then the wet-weather waste load allocation.  Compliance with 
individual general construction and industrial storm water permittees 
will be based on monitoring of discharges at the property boundary.  
Compliance may be assessed based on concentration and/or load 
allocations. 

The general storm water permits shall contain a model monitoring and 
reporting program to evaluate BMP effectiveness.  A permittee enrolled 
under the general permits shall have the choice of conducting individual 
monitoring based on the model program or participating in a group 
monitoring effort.  MS4 permittees are encouraged to take the lead in 
group monitoring efforts for industrial facilities under their jurisdiction 
because compliance with waste load allocations by these facilities will 
in many cases translate to reductions in metals loads to the MS4 
system. 

Special studies 

The implementation schedule, Table 7-12.2, allows time for special 
studies that may serve to refine the estimate of loading capacity, waste 
load and/or load allocations, and other studies that may serve to 
optimize implementation efforts.  The Regional Board will re-consider 
the TMDL by January 11, 2011 in light of the findings of these studies.  
Studies may include: 

• Refinement of hydrologic and water quality model 

• Additional source assessment 

• Refinement of potency factors correlation between total suspended 
solids and metals loadings during dry and wet weather 

• Correlation between short-term rainfall intensity and metals 
loadings for use in sizing in-line structural BMPs 

• Correlation between storm volume and total recoverable metals 
loading for use in sizing storm water retention facilities 

• Refined estimates of metals partitioning coefficients, conversion 
factors, and site-specific toxicity. 

• Evaluation of potential contribution of aerial deposition and sources 
of aerial deposition. 
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Table 7-12.2.  Ballona Creek Metals TMDL: Implementation Schedule 
Date Action 

January 11, 2006 Regional Board permit writers shall incorporate the waste load 
allocations into the NPDES permits.  Waste load allocations 
will be implemented through NPDES permit limits in 
accordance with the implementation schedule contained herein, 
at the time of permit issuance or re-issuance. 

January 11, 2010 Responsible jurisdictions and agencies shall provide to the 
Regional Board results of the special studies. 

January 11, 2011 The Regional Board shall reconsider this TMDL to re-evaluate 
the waste load allocations and the implementation schedule. 

 MINOR NPDES PERMITS AND GENERAL NON-STORM WATER NPDES PERMITS 

Upon permit issuance or 
renewal 

The non-storm water NPDES permittees shall achieve the waste 
load allocations, which shall be expressed as NPDES water 
quality-based effluent limitations specified in accordance with 
federal regulations and state policy on water quality control.  
Compliance schedules may allow up to five years in individual 
NPDES permits to meet permit requirements. Compliance 
schedules may not be established in general NPDES permits. 
Permittees that hold individual NPDES permits and solely 
discharge storm water may be allowed (at Regional Board 
discretion) compliance schedules up to January 11, 2016 to 
achieve compliance with final WLAs. 

GENERAL INDUSTRIAL STORM WATER PERMITS 

Upon permit issuance or 
renewal 

The general industrial storm water NPDES permittees shall 
achieve dry-weather waste load allocations, which shall be 
expressed as NPDES water quality-based effluent limitations 
specified in accordance with federal regulations and state policy 
on water quality control.  Effluent limitations may be expressed 
as permit conditions, such as the installation, maintenance, and 
monitoring of Regional Board-approved BMPs.  Permittees 
shall begin to install and test BMPs to meet the interim wet-
weather WLAs.  BMP effectiveness monitoring will be 
implemented to determine progress in achieving interim wet-
weather waste load allocations. 

January 11, 2011 The general industrial storm water NPDES permittees shall 
achieve the interim wet-weather waste load allocations, which 
shall be expressed as NPDES water quality-based effluent 
limitations specified in accordance with federal regulations and 
state policy on water quality control.  Effluent limitations may 
be expressed as permit conditions, such as the installation, 
maintenance, and monitoring of Regional Board-approved 
BMPs.  Permittees shall begin an iterative BMP process 
including BMP effectiveness monitoring to achieve compliance 
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Date Action 
with final wet-weather WLAs. 

January 11, 2016 The general industrial storm water NPDES permittees shall 
achieve the final wet-weather waste load allocations, which 
shall be expressed as NPDES water quality-based effluent 
limitations specified in accordance with federal regulations and 
state policy on water quality control.  Effluent limitations may 
be expressed as permit conditions, such as the installation, 
maintenance, and monitoring of Regional Board-approved 
BMPs. 

GENERAL CONSTRUCTION STORM WATER PERMITS 

Upon permit issuance, renewal, 
or re-opener 

Non-storm water flows not authorized by Order No. 99-08 
DWQ, or any successor order, shall achieve dry-weather waste 
load allocations of zero.  Waste load allocations shall be 
expressed as NPDES water quality-based effluent limitations 
specified in accordance with federal regulations and state 
policy on water quality control.  Effluent limitations may be 
expressed as permit conditions, such as the installation, 
maintenance, and monitoring of Regional Board-approved 
BMPs. 

January 11, 2013 The construction industry will submit the results of wet-
weather BMP effectiveness studies to the Regional Board for 
consideration.  In the event that no effectiveness studies are 
conducted and no BMPs are approved, permittees shall be 
subject to site-specific BMPs and monitoring to demonstrate 
BMP effectiveness. 

January 11, 2014 The Regional Board will consider results of the wet-weather 
BMP effectiveness studies and consider approval of BMPs. 

January 11, 2015 All general construction storm water permittees shall 
implement Regional Board-approved BMPs. 

MS4 AND CALTRANS STORM WATER PERMITS 

January 11, 2007 In response to an order issued by the Executive Officer, the 
MS4 and Caltrans storm water NPDES permittees must submit 
a coordinated monitoring plan, to be approved by the Executive 
Officer, which includes both ambient monitoring and TMDL 
effectiveness monitoring.  Once the coordinated monitoring 
plan is approved by the Executive Officer ambient monitoring 
shall commence within 6 months. 

January 11, 2010 (Draft 
Report) 

July 11, 2010 (Final Report) 

MS4 and Caltrans storm water NPDES permittees shall provide 
a written report to the Regional Board outlining the drainage 
areas to be address and how these areas will achieve 
compliance with the waste load allocations.  The report shall 
include implementation methods, an implementation schedule, 
proposed milestones, and any applicable revisions to the TMDL 
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Date Action 
effectiveness monitoring plan. 

January 11, 2012 The MS4 and Caltrans storm water NPDES permittees shall 
demonstrate that 50% of the total drainage area served by the 
MS4 system is effectively meeting the dry-weather waste load 
allocations and 25% of the total drainage area served by the 
MS4 system is effectively meeting the wet-weather waste load 
allocations. 

January 11, 2014 The MS4 and Caltrans storm water NPDES permittees shall 
demonstrate that 75% of the total drainage area served by the 
MS4 system is effectively meeting the dry-weather waste load 
allocations. 

January 11, 2016 The MS4 and Caltrans storm water NPDES permittees shall 
demonstrate that 100% of the total drainage area served by the 
MS4 system is effectively meeting the dry-weather waste load 
allocations and 50% of the total drainage area served by the 
MS4 system is effectively meeting the wet-weather waste load 
allocations. 

January 11, 2021 The MS4 and Caltrans storm water NPDES permittees shall 
demonstrate that 100% of the total drainage area served by the 
MS4 system is effectively meeting both the dry-weather and 
wet-weather waste load allocations. 
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[1]  Executive Summary 
 
 
The purpose of this report is to examine low impact development (LID) for the City of Los Angeles 
and potential steps for instituting city-wide low impact development programs or projects.  It also 
gathers policy strategies and technical information that could be pertinent to the City’s LID efforts.   
 
Part I (Chapters 2–5) describes the importance of low 
impact development and green infrastructure and 
highlights existing LID programs throughout the nation 
and here in Southern California.  Part II (Chapters 6–11) 
explores potential ways to implement LID in Los Angeles 
and some of the issues that should be considered.  It also 
reviews current policies and regulations (such as 
stormwater management laws and the City’s recent Green 
Building Ordinance) that intersect with local LID 
programs.  Finally, the appendices contain additional 
information and resources that may be helpful for 
developing comprehensive green infrastructure programs 
and projects for the City of Los Angeles. 
 
 

What is Low Impact Development? 
 
Stormwater pollution, water shortages, flood control, climate 
change and the availability of natural green space have all 
become pressing environmental issues for cities around the 
nation, including the City of Los Angeles.  Fortunately, new 
strategies for runoff management using low impact development 
and green infrastructure offer promising solutions to many of 
these concerns. 
 
Low impact development (LID) is an approach to 
stormwater management that emphasizes the use of small-
scale, natural drainage features integrated throughout the 
city to slow, clean, infiltrate and capture urban runoff and 
precipitation, thus reducing water pollution, replenishing 
local aquifers and increasing water reuse.1   

 

Key Principles of  
Low Impact Development 

 
• Decentralize & manage urban 

runoff to integrate water 
management throughout the 
watershed. 

  

• Preserve or restore the 
ecosystem’s natural hydrological 
functions and cycles. 

 

• Account for a site’s topographic 
features in its design.    

 

• Reduce impervious ground 
cover and building footprint. 

 

• Maximize infiltration on-site.   
 

• If infiltration is not possible, then 
capture water for filtration and/or 
reuse. 

 

Rio Hondo Golf Course parking lot in Downey, CA 

Haan-Fawn Chau
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While conventional stormwater controls aim to move water off-site and into the storm drains as quickly as 
possible, LID seeks to do just the opposite—to keep as much water on-site as possible for absorption and 
infiltration in order to clean it naturally.  LID focuses on controlling urban runoff and pollution at the 
source of the problem, rather than at the end of the storm drain outlet.  A comprehensive approach to LID 
should include city-wide land development strategies and planning along with the creation of 
infrastructure for stormwater management. 
 
Green Infrastructure  
Green infrastructure refers to an interconnected network of natural features (vegetation, parks, 
wetlands, etc.) that provide beneficial “ecosystem services” for human populations.  The benefits can 
include functions such as pollution removal, carbon sequestration and groundwater recharge.2 3  Low 
impact development and green infrastructure are often used interchangeably because the terms overlap, 
but it should be noted that LID focuses specifically on water management issues, while green 
infrastructure’s scope can be broader.  Green infrastructure is often used to refer to networks of parks and 
open lands that preserve habitats and ecosystem functions (usually created or protected by managing land 
uses), but the term can also encompass small-scale natural features such as trees planted along a city 
sidewalk.  While green infrastructure is often used for water management purposes, it can also be used to 
tackle other issues such as air pollution, urban heat island effects, wildlife conservation and recreational 
needs. 
 
Common LID Best Management Practices 
A best management practice (BMP)4 is a device or 
technique used to remove or reduce pollutants found 
in stormwater runoff, preventing the contamination 
of receiving waters.a  It is important to note that LID 
primarily employs natural structural best 
management practices (such as vegetated swales, 
retention ponds and green roofs), not mechanical 
best management practices (such as water treatment 
facilities and manufactured filtration units).  
Examples of some of the most common LID best 
management practices are depicted on the next page; 
a more extensive selection can be found in Chapter 
3.  The best management practices generally fall into 
four categories: landscape BMPs, building BMPs, 
street and alley BMPs, and site planning BMPs. 
 
 
                                                 
a  Receiving waters are lakes, rivers, oceans, and other types of waterways into which stormwater can flow. 

 

Seattle’s SEA Street (Street Edge Alternatives) project 
includes bioswales and permeable pavement. 

EPA / Abby Hall
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Some Common LID Best Management Practices 5 

  

Vegetated Swales / Bioswales Rain Gardens Rain Cisterns Green Roofs 

    

   
Permeable Pavers Porous Pavement Curb Bump-Outs Curb Cuts 

 
 
The Benefits of LID for Los Angeles 
Low impact development offers a wide range of community benefits.  It improves flood control, relieves 
pressure on the sewage treatment system, prevents river and ocean pollution, reduces the demand for 
water use, augments groundwater aquifers, mitigates climate change, provides natural green space, 
increases the availability of green jobs, and saves money on the capital costs for stormwater management 
infrastructure.  
 
The potential benefits of low impact development to help water pollution, water supply and energy usage 
in Los Angeles County are compelling.  A study done by Community Conservancy International in 
March 2008 found that nearly 40% of L.A. County’s needs for cleaning polluted runoff could be met 
by implementing low impact development projects on existing public lands.  A net average of 15,000 
acres of existing public lands in the county are suitable for LID projects.6   
 
In addition, each ¼-acre of hardscape in Los Angeles has the potential to collect 100,000 gallons of 
rainwater per year.7  A separate study by the Natural Resource Defense Council from January 20098 
found that an increased use of LID practices throughout residential and commercial properties in L.A. 
County would promote groundwater recharge and water capture and reuse, reducing the county’s 
dependence on distant sources of water.  This increased use of LID would result in the savings of 74,600–
152,500 acre-feet of imported water per year by 2030.  Based on current per capita water usage in the 
City of Los Angeles, this is equivalent to the water consumption of 456,300–929,700 people.9  Moreover, 
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since L.A. County would be pumping less water from 
distant locations, 131,700–428,000 MWH of energy 
would be saved per year by 2030, which is 
equivalent to the electricity used by 20,000–64,800 
households.10  Therefore, LID could also mitigate 
climate change by reducing greenhouse gases.   
 
The following tables highlight some of the advantages 
that LID has to offer and provide interesting facts 
about the effectiveness of LID.  Additional tables 
about flood control, wastewater management, water 
pollution, community improvements, and 
construction and building costs can be found in 
Chapter 4. 
 
 

 
  Water Supply & Demand 
 

Issues How LID Helps Supporting Facts 

 
• The L.A. area regularly faces 

water shortages and does not 
generate enough water to sustain 
itself. 
  

• Only 13% of L.A. City’s water 
supply comes from local 
groundwater.11   
 

• 48% of L.A. City’s water supply 
originates from the Mono Basin 
and Owens Valley aqueducts. 
 

• At least 30% of all the water used 
in the City of Los Angeles is used 
outdoors.12 

 
• Decreases Los Angeles’ 

dependence on outside sources of 
water. 
 

• Reduces the demand for irrigation 
water because rainwater is slowed 
and captured for infiltration into the 
ground.  Some methods also 
capture water for reuse. 
 

• Increases the supply in the local 
water table. 
  

• Promotes or requires the use of 
drought-tolerant plants. 

 
• Widespread use of water 

infiltration, capture and reuse in 
L.A. County would result in the 
savings of 74,600–152,500 acre-
feet of imported water per year 
by 2030.13  (Equivalent to the 
water consumption of 456,300–
929,700 people.) 
 

• Each ¼-acre lot in L.A. has the 
potential to generate100,000 
gallons of stormwater annually.14 
 

• By disconnecting 60,000 gutter 
downspouts, Portland diverted 
1.5 billion gallons of stormwater 
per year. 15  

 

   

 

Bioswales at 1100 S. Hope Street in downtown L.A. 

Haan-Fawn Chau
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Climate Change  
 

Issues How LID Helps Supporting Facts 

 
• Fossil fuels are the #1 source of 

the greenhouse gases that cause 
climate change. 

  

• World temperatures could rise by 
between 2.0 and 11.5 °F during 
the 21st century.16   

 

• Blacktop surfaces can elevate 
surrounding city temperatures as 
much as 10°F. 17 

 

• In the summer, central Los 
Angeles is typically 5°F warmer 
than surrounding suburban and 
rural areas due to the heat island 
effect.18 

 
• Increasing the local water supply 

means that Los Angeles will use 
less energy pumping water from 
distant locations. 

 

• Trees and landscaping counteract 
climate change by absorbing 
excess carbon dioxide. 

 

• Shade from trees and 
evapotranspiration by plants reduce 
the heat island effect. 
 

 
• Water systems account for 19% 

of the electricity used in the state 
of California.19 

 

• L.A. County could save 
131,700–428,000 mWh of 
energy per year if less water was 
transported from Northern 
California.20  (Equivalent to 
electricity use of 20,000–64,800 
households.) 

 

• Each shade tree in L.A. prevents 
the combustion of 18kg of 
carbon annually and sequesters 
an additional 4.5–11kg of carbon 
per year. 21 

 
 
  Green Jobs & Economy  
 

Issues How LID Helps Supporting Facts 

 
• The City of Los Angeles would 

like to encourage the 
development of “green-collar” 
jobs.22  

 
• The current economic recession 

has resulted in city budget cuts.  
More revenues are needed to fill 
the gaps. 

 

 
• Encourages the growth of the green 

building industry.  
 

• Encourages the landscaping and 
gardening industry to shift to eco-
friendly practices that emphasize 
native, drought-tolerant plants and 
rainwater harvesting. 

 

• Property drainage evaluations 
could increase the demand for 
“green industry” jobs in 
environmental assessment. 

 

• Trees and landscaping and 
reduced neighborhood flooding can 
enhance neighborhood property 
values, thus increasing tax 
revenues. 

 
• L.A.’s Green Building Ordinance 

will create an anticipated 500 
green-collar, union jobs.23 

 

• L.A.’s growing green building 
industry presents workforce 
development opportunities for 
auditors and landscapers and 
gardeners.24  

 

• Trees in Portland, OR generate 
approx. $13 million per year in 
property tax revenues by 
increasing real estate values.25 
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Examples of LID Programs, Projects and Regulations  26 
Many cities and counties across the country already have low impact development regulations, programs 
and projects underway, often pursued as an extension of a greater stormwater management, landscaping 
or sustainability program.  Some particularly notable examples include the nation’s first official LID 
program in Prince George’s County (MD), Seattle’s “Street Edge Alternatives” retrofit projects and their 
Green Factor building code (which requires properties to attain a 
certain level of permeability), numerous Green Streets projects in 
Portland (OR), Chicago’s Green Alleys program, and Emeryville’s 
program that promotes green, dense redevelopment.   
 
The County of Los Angeles passed its Low Impact Development 
Ordinance in October 2008, which could offer a template for 
future LID efforts in the City of Los Angeles.  The City of Los 
Angeles does not yet have a LID ordinance of its own, but it does 
have a number of pilot programs in place such as the Oros Street 
stormwater retrofit, Bimini Slough Ecology Park, the Green Streets 
LA program, and the Downspout Disconnect program.  Other 
examples of LID in Southern California include the City of 
Ventura’s Green Street policy, the City of San Diego’s low impact 
development program, and Santa Monica’s green building program. 

 

Oros Street after its “green street” 
reconstruction (Los Angeles) 

LA BOS / K. Weston 

Illustration from the City of Emeryville’s “Stormwater Guidelines for Green, Dense Redevelopment” manual depicting 
what LID might look like for a commercial development.    Credit: City of Emeryville / Community, Design + Architecture 
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Existing Stormwater Regulations & Programs in Los Angeles 
There are a number of stormwater regulations and green infrastructure programs originating from the 
federal, state, county and city levels of government that apply to the City of Los Angeles, providing a 
solid foundation for future LID efforts.  Four key regulations and programs in the City of Los Angeles are 
the Standard Urban Stormwater Mitigation Plan, the Green Building Ordinance, the Landscape Ordinance 
and the Green Streets LA program. 
 
The Standard Urban Stormwater Mitigation Plan 
(SUSMP) is part of L.A. County’s Municipal Stormwater 
Permit, which applies to the City and addresses federal water 
pollution regulations by setting stormwater management 
requirements.  In general, SUSMP applies to new 
developments and redevelopments of a certain minimum 
size.27  It therefore does not apply to a large amount of existing 
development in Los Angeles.  SUSMP best management 
practices must be able to infiltrate, capture and reuse, or treat 
all of the runoff from a site during an 85th percentile storm, 
which is equivalent to a ¾” storm.  Although many of Los 
Angeles’ existing low impact development BMPs were 
installed due to SUSMP requirements, SUSMP’s primary goal 
is to reduce pollution levels; it only incidentally diverts 
stormwater to groundwater recharge areas.  Additionally, the 
L.A. County Stormwater Permit must be reissued every five 
years, and its requirements can vary from permit to permit.   
 
The City of Los Angeles’ Green Building Ordinance and Landscape Ordinance both have some LID 
features, but at this time neither addresses low impact development principles.28 29  Like SUSMP, they do 
not deal with existing development, and they do not specifically require significant use of green 
infrastructure BMPs.   
 
The Green Streets LA program was initiated by the City Board of Public Works with the idea that Los 
Angeles’ extensive street network offers an important opportunity to absorb, capture and filter urban 
runoff, which addresses pollution and groundwater recharge issues.30  The Green Streets LA program has 
expanded the City’s focus to include a broader array of LID practices.  A preliminary set of Green Streets 
design guidelines were developed in 2008 and other measures are being planned to institutionalize low 
impact development. 
 
 
 

 

A vegetated swale with curb cuts in the 
parking lot of a shopping center at 8500 
Firestone Blvd., Downey, CA.   

Haan-Fawn Chau
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How Much Does Low Impact Development Cost? 
 
Pilot projects have shown that using low impact development techniques instead of conventional 
stormwater controls can result in considerable capital cost savings.  An analysis of LID projects from 
across the nation conducted by the U.S. Environmental Protection Agency (EPA) in 2007 found 
that with just a few exceptions, the capital costs of LID projects were less than conventional water 
management controls.  As shown in the table below, savings ranged from 15–80%.31  (Please see 
Appendix III for a fact sheet about the report.)  It is important to note that the EPA’s analysis did not 
account for the value of the environmental, social and community benefits created by the projects. 

  

 
Project a 

Estimated 
Conventional
Development

Cost 

Actual 
LID Cost 

Cost 
Savingsb 

  
Percent
Savingsb 

2nd Avenue SEA Street  (Washington) $868,803 $651,548 $217,255 25% 

Auburn Hills  (Wisconsin) $2,360,385 $1,598,989 $761,396 32% 

Bellingham City Hall  (Washington) $27,600 $5,600 $22,000 80% 

Bellingham Park  (Washington) $52,800 $12,800 $40,000 76% 

Gap Creek  (Arkansas) $4,620,600 $3,942,100 $678,500 15% 

Garden Valley  (Washington) $324,400 $260,700 $63,700 20% 

Kensington Estates  (Washington) $765,700 $1,502,900 –$737,200 –96% 

Laurel Springs  (Wisconsin) $1,654,021 $1,149,552 $504,469 30% 

Mill Creekc  (Illinois) $12,510 $9,099 $3,411 27% 

Prairie Glen  (Wisconsin) $1,004,848 $599,536 $405,312 40% 

Somerset  (Maryland) $2,456,843 $1,671,461 $785,382 32% 

Tellabs Corporate Campus  (Illinois) $3,162,160 $2,700,650 $461,510 15% 

  
Research conducted by the City of Ventura may be helpful in determining the potential costs of 
implementing low impact development in Los Angeles, as Ventura is also located in Southern California 
and has a similar climate.  A copy of Ventura’s “Green Streets Matrix” is included in Appendix II.  It 
contains an analysis of the costs, benefits, challenges and drawbacks for 17 different kinds of LID best 
management practices.  The City of Los Angeles’ Green Streets LA program is also in the process of 
developing its own cost estimates.  
 
 

Notes: 
  
a Some of the case study results do 
not lend themselves to display in the 
format of this table (Central Park 
Commercial Redesigns, Crown St., 
Poplar Street Apartments, Prairie 
Crossing, Portland Downspout 
Disconnection, and Toronto Green 
Roofs). 
b Negative values denote increased 
cost for the LID design over 
conventional development costs. 
c Mill Creek costs are reported on a 
per-lot basis. 
 
Source: “Reducing Stormwater Costs 
through Low Impact Development (LID) 
Strategies and Practices.” USEPA, 2007. 

EPA Report:  
  

Cost Comparisons 
Between Conventional 
and LID Approaches 
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Low Impact Development for Los Angeles 
 
Funding and Maintaining a LID Program 
In a time of government budget cuts, searching for steady funding to support new public works projects 
and regular maintenance services has never been more important.  Consistent maintenance of low impact 
development best management practices will ensure that they continuously perform at a high standard.  
Chapter 6 highlights more than a dozen strategies that could help secure a steady revenue stream for city 
projects and services.  Ideas include municipal bonds, LID in-lieu fees, individualized parcel drainage 
fees with a rebate program, parking increment financing, using Quimby Fees for LID parks, public-
private partnerships, and sales of L.A. City carbon offsets. 
 
Strategies to Codify Low Impact Development 
While a number of existing regulations and programs in Los Angeles touch on low impact development 
principles, the City could benefit from a comprehensive, enforceable ordinance that makes LID a 
common practice.  The two greatest advantages to enacting a LID ordinance—as opposed to relying 
exclusively on LID policies—are (1) enforcement, and (2) long-term reliability.  Nonetheless, a few 
alternative methods for implementing low impact development on a smaller scale include meeting 
SUSMP requirements using low impact development standards, revising the Landscape Ordinance to 
include LID standards, or enacting a LID ordinance after a voluntary pilot phase.  These alternatives are 
further described in Chapter 8. 
 
Defining the Scope of a LID Strategy for Los Angeles 
Chapter 9 discusses issues that must be considered in order to define the appropriate scope and standards 
for a low impact development strategy in Los Angeles:   
 

• Determining to whom LID should apply—government 
buildings, public infrastructure, private residences, 
commercial properties, industrial land, etc. 

• Encompassing new and existing development to ensure that 
LID is implemented throughout the watershed for maximum 
results, possibly using a rebate program to encourage existing 
properties to install LID best management practices. 

• Deciding how to safely include brownfields in a LID 
program. 

• Setting new performance standards—should LID vary with 
soil type and the character of the local water table?  Would it 
benefit L.A. to exceed current SUSMP standards? 

• Suggestions for the potential contents of a comprehensive 
LID ordinance, program and standards manual. 

 

 

A curb cut that directs water from the 
street into a bioswale.  1100 S. Hope 
Street in downtown Los Angeles. 

Haan-Fawn Chau 
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Considerations for LID Implementation 
Low impact development offers promising strategies for the City of Los Angeles to significantly improve 
stormwater management and increase water supply and green space while simultaneously reducing its 
impact on climate change and the environment in general.  However, the city should consider a number of 
challenges before developing and implementing a comprehensive LID program.  Chapter 10 explores the 
following issues: 
 

• Defining LID goals and standards that are appropriate for Los Angeles. 
• Balancing the City’s smart growth and infiltration goals. 
• Administrative challenges—which departments will administer LID?  Are there any existing 

regulations that conflict with LID? 
• LID readiness and education—do city employees, architects, landscape designers and 

professional gardeners have the knowledge to properly implement LID techniques? 
• LID knowledge, data and evaluation—need to gather more information about the costs and 

effectiveness of using LID in dry climates. 
• Equity issues—how can we ensure that implementing low impact development will not unfairly 

burden low income communities with a financial obligation that might be difficult to bear without 
a subsidy? 

 
 

Recommended Next Steps          
 
Chapter 11 recommends a number of steps that the City of Los Angeles can pursue to implement a more 
comprehensive low impact development (LID) and green infrastructure program.  These 
recommendations can be summarized as:   
 

1. Internal Review:  review low impact development strategy with the City’s Green Team, Green 
Streets Committee and City Council committees. 

2. Survey and analyze current policies, ordinances and standards to identify potential conflicts with 
LID and green infrastructure.  Make recommendations for necessary changes.  (See Chapters 7 & 
10.)   Engineering and building & safety standard plans, practices, and ordinances should be a top 
priority.  Also check fire and flood ordinances and insurance maps for conflicts with LID. 

3. Integrate LID principles into the Conservation Element of the General Plan. 
4. Integrate LID principles into a revised Landscape Ordinance, which the state requires every city 

to adopt by 2010.  (See Chapter 7.) 
5. Determine which groups need to be involved with LID brainstorming, review and feedback: 

environmental groups, developers, architects, landscape architects, planners, civil engineers, 
community organizations, gardening industry, etc. 

6. Develop a working group to draft a LID ordinance.  
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Conclusion 
 
Southern California was designed and built mostly in 
the 20th Century, and the prevailing idea at the time was 
to move water quickly and directly to the ocean.  In the 
21st Century, we have learned how to design our streets, 
sidewalks, and landscaping to soak up runoff through a 
more natural process, weaving the textures of nature into 
the fabric of the city.  Low impact development is an 
emerging and important international stormwater 
management trend.  We have begun to capitalize on the 
valuable services that nature can offer us: capturing, 
cleaning, and storing stormwater.  
 
Nationwide research has proven that low impact development can be a cost effective solution to 
pressing problems pertaining to water quality and water supply, as well the other benefits noted 
in this paper, such as flood control, mitigation of climate change, and creation of more natural 
spaces.  For instance, research conducted in Los Angeles has found that the City can 
significantly increase its water supply, ameliorate climate change issues, and address of much of 
the pollution found in urban runoff by converting its paved areas from gray to green.  Moreover, 
implementing low impact development will create new, local “green-collar” jobs through the 
development of a workforce trained to install and maintain green infrastructure features. 
 
The LID principles become particularly crucial as climate change impacts to our environment 
produce changing weather patterns that are currently predicted to result in longer term drought 
conditions throughout California.  Harvesting all available rainwater by the various methods 
shown in this paper is an important means of addressing this looming problem.  
 
The City of Los Angeles is well underway toward implementing the principles of low impact 
development into its designs for streets, sidewalks and alleys, through its Green Streets and 
Green Alleys program.  With over 6,500 miles of streets and 900 miles of alleys, much could be 
accomplished by incorporating LID principles into new construction and by phasing in LID 
conversions for existing infrastructure.  However, these paved areas only account for a portion of 
the hardscape found in Los Angeles, and thus only a portion of the stormwater burden. 
Implementation of low impact development on a wider and more intensive scale throughout the 
city is worth consideration, both on public and private property. 

Haan-Fawn Chau
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Understanding  

Low Impact Development 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

EPA / Abby Hall 

A multi-family home in Santa Monica that utilizes drought-tolerant 
landscaping and a rain barrel to capture water for reuse. 
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[2]  What is Low Impact Development? 
 
 
Introduction 
 
Stormwater pollution, water shortages, flood 
control, climate change and the availability of 
natural green space have all become pressing 
environmental issues for cities around the nation, 
including the City of Los Angeles.  These 
concerns affect not only the city’s environmental 
quality, but also our long-term quality of life.  
This report takes a look at how a low impact 
development program in the City of Los 
Angeles could offer promising solutions to 
many of the city’s environmental concerns, 
especially those related to water management. 
 
Low impact development (LID), as defined by Washington State University’s Puget Sound Action 
Team, “is a stormwater management strategy that emphasizes conservation and the use of existing natural 
site features integrated with distributed, small-scale stormwater controls to more closely mimic natural 
hydrologic patterns in residential, commercial and industrial settings.”1   
 
Low impact development takes a very different approach to water management as compared to 
conventional stormwater strategies.  Conventional methods aim to move water off-site and into the storm 
drains as quickly as possible, while LID seeks to do just the opposite—keep as much water on-site as 
possible for absorption and infiltration.  Instead of large, centralized treatment plants and water storage 
facilities, LID emphasizes local, decentralized solutions that capitalize on the beneficial services that 
natural ecosystem functions can provide.  LID also focuses on controlling urban runoff and pollution right 
at the source, rather than at the end of the storm drain outlet.  For example, a landscaped area may rely on 
natural soils to simultaneously absorb stormwater, filter out contaminants, and recharge the groundwater 
supply.   
 
A comprehensive approach to LID should include city-wide land development strategies and planning 
along with the creation of infrastructure for stormwater management.  As discussed in greater detail in 
Chapter 4, low impact development is most effective when it is applied on a wide scale.  Additionally, it 
is important to note that LID encompasses much more than just water infiltration—it slows down water 
velocities (preventing floods downstream), filters out pollutants, and captures and stores water for later 
reuse.  

 

Rio Hondo Golf Course parking lot in Downey, CA 

Haan-Fawn Chau
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Key Principles of Low Impact Development 
 
A number of key principles characterize the goals of low impact 
development: 2 3 
 
• Decentralize and micromanage urban runoff to integrate water 

management throughout the watershed. 
• Preserve or restore the ecosystem’s natural hydrological 

functions and cycles. 
• Emphasize a distributed (not concentrated) control of 

stormwater. 
• Account for a site’s topographic features in its design.    
• Reduce impervious ground cover and building footprint. 
• Maximize infiltration on-site.   
• If infiltration is not possible, then capture water for filtration 

and/or reuse. 
 
At its most basic level, low impact development strives to slow, 
clean, infiltrate and capture urban runoff and precipitation 
through natural processes in order to increase groundwater 
recharge and water reuse.   
 
 

Best Management Practices & Green 

Infrastructure 
 
Best Management Practices (BMPs) 
A wide array of techniques and features can be used to design a 
low impact development project.  LID sites rely heavily on 
natural, small-scale structural best management practices to 
achieve their water management goals.  According to the U.S. 
Environmental Protection Agency, a best management practice 
(BMP) is a device or technique used to remove or reduce 
pollutants found in stormwater runoff, preventing the 
contamination of receiving waters.4  It is important to note that 
LID primarily employs natural structural BMPs (such as vegetated 
swales, retention ponds, green roofs), not mechanical BMPs (such 
as water treatment facilities and manufactured filtration units). 

 
Key Terms 

 
Low Impact Development (LID) 
 

“A stormwater management 
strategy that emphasizes 
conservation and the use of 
existing natural site features 
integrated with small-scale 
stormwater controls to mimic 
natural hydrologic patterns.” 
(Puget Sound Action Team 2005) 
 
Best Management Practice 
(BMP) 
 

A device or technique used to 
remove or reduce pollutants 
found in stormwater runoff, 
preventing the contamination of 
receiving waters.  (EPA 2002) 
 
Green Infrastructure 
 

[1]  “An interconnected network 
of green space that conserves 
natural ecosystem values and 
functions and provides  
associated benefits to human 
populations.”  (The Conservation 
Fund) 
  

[2]  Large scale and small-scale  
stormwater “management 
approaches and technologies 
that infiltrate, evapotranspire, 
capture and reuse stormwater to 
maintain or restore natural 
hydrologies.”   (EPA) 
 
 
 
 

LID is Not LEED 
 
Low impact development (LID) 
should not be confused with 
LEED, which stands for 
“Leadership in Energy and 
Environmental Design.”  LEED is 
a program run by the U.S. Green 
Building Council and is used to 
certify eco-friendly buildings and 
construction practices.  While 
some features of LEED green 
buildings (green roofs, pervious 
pavement, etc.) fulfill the goals of 
low impact development, the two 
terms are not synonymous. 
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Green Infrastructure  
In recent years, “green infrastructure” has become an important concept in the field of urban 
sustainability.  Like many new terms, there is not yet one standard definition, but there is agreement on 
the principles.  The Conservation Fund in Washington, DC states that “green infrastructure is defined as 
an interconnected network of green space that conserves natural ecosystem values and functions and 
provides associated benefits to human populations.”5   
 
The EPA defines green infrastructure as a stormwater management strategy that is closely intertwined 
with natural BMPs.  The EPA website says that green infrastructure uses stormwater “management 
approaches and technologies to infiltrate, evapotranspire,a capture and reuse stormwater to maintain or 
restore natural hydrologies.  At the largest scale, the preservation and restoration of natural landscape 
features (such as forests, floodplains and wetlands) are critical components of green stormwater 
infrastructure.  On a smaller scale, green infrastructure practices include rain gardens, porous pavements, 
green roofs, infiltration planters, trees and tree boxes, and rainwater harvesting for non-potable uses such 
as toilet flushing and landscape irrigation.” 6 
 
In either case, a city with a robust green infrastructure system can reap multiple benefits from the 
increased services that nature provides, especially with regards to stormwater management, increased 

                                                 
a Evapotranspire refers to the processes of evaporation and transpiration carried out by plants and trees. 

Illustration from the City of Emeryville’s “Stormwater Guidelines for Green, Dense Redevelopment” manual depicting 
what LID might look like for a commercial development.      Credit: City of Emeryville / Community, Design + Architecture 
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local water supply, and pollution control.  It should be noted that “low impact development” and “green 
infrastructure” are often used interchangeably because the terms overlap, but LID focuses specifically on 
water management issues, while green infrastructure’s scope is broader.  Green infrastructure can be used 
to tackle other issues besides stormwater management, such as air pollution, urban heat island effects, 
wildlife conservation and recreational needs. 
 
 

Low Impact Development for Los Angeles 
 
Many other municipalities have already embarked on 
the road to implementing low impact development and 
have found that stormwater improvements can even be 
made to large, built-out cities like Los Angeles.  A 
number of cities, counties, federal agencies, and 
national and local nonprofit organizations have 
conducted research and published documents on LID 
and green infrastructure.  Additionally, there are 
existing local LID pilot projects such as Oros Street and 
Elmer Avenue along the Los Angeles River.  Together, 
these regulations, programs, technical manuals, 
pilot projects and research reports offer a wealth of 
existing information and resources from which the 
City of Los Angeles could model its own low impact 
development ordinance and programs. 
 
Because Los Angeles has significant amounts of water 
runoff even during dry weather, low impact 
development can benefit the city year-round, not just 
during the rainy season.  However, not all sites will be 
able to achieve every goal that LID sets forth for water 
management (slowing, cleaning, infiltration, capture, 
groundwater recharge, and reuse).  Some sites may 
only achieve one outcome, while others may fulfill all 
six.  For instance, near the Los Angeles River, 
infiltration and groundwater recharge can be difficult 
because the ground is composed of impenetrable clay.  
There, it would be best to place emphasis on slowing 
and cleaning water flows before they reach the river.   
 
 

 
Cross section design for a vegetated swale in a parking lot.

Bureau of Environmental Services, Portland, OR / Tom Liptan 

 

A curb cut and bioswale at 1100 S. Hope Street  
in downtown Los Angeles. 

Haan-Fawn Chau
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The Purpose of This Report 
The purpose of this report is to examine low impact development (LID) for the City of Los Angeles 
and potential steps for instituting city-wide low impact development programs or projects.  It also 
gathers policy strategies and technical information that could be pertinent to the City’s LID efforts.  Part I 
(Chapters 2–5) describes the importance of low impact development and green infrastructure and 
highlights existing LID programs throughout the nation 
and here in Southern California.  Part II (Chapters 6–
11) explores potential ways to implement LID in Los 
Angeles and some of the issues that should be 
considered.  It also reviews current policies and 
regulations (such as stormwater management laws and 
the City’s recent Green Building Ordinance) that 
intersect with local LID programs.  Finally, the 
appendices contain additional information and 
resources that may be helpful for developing 
comprehensive green infrastructure programs and 
projects for the City of Los Angeles. 
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Green roof on top of Chicago City Hall. 
Dept. of Energy, NREL / Katrin Scholz-Barth 
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[3]  Common LID  

Best Management Practices  
 
 
Despite its semi-arid climate, the City of Los Angeles has the 
potential to generate a remarkable amount of stormwater over the 
course of a year.  Each ¼-acre of hardscape has the potential 
to generate 100,000 gallons of stormwater runoff annually, 
and a 500-foot long residential street in Los Angeles could 
generate 140,000 gallons of stormwater.a  This chapter 
highlights a wide array of low impact development (LID) best 
management practices (BMPs) that are available to capture, treat, 
infiltrate and reuse potential water resources.  Many BMPs, such 
as bioswales, can be applied to streets, houses, commercial 
development, and even industrial sites, while other BMPs (such 
as rain barrels for single-family homes) tend to have a narrower 
range of use.  Projects may combine several BMPs that work 
together to slow down stormwater flow and infiltrate it into the 
ground.  For instance, a single “green street” can utilize porous 
pavement, bioswales, bump-outs, and curb cuts all together. 
 
Property owners can select the most appropriate BMPs to 
accomplish infiltration, water reuse or runoff control at their 
particular location.  In keeping with LID principles, it is 
important to evaluate what existing resources on-site can be 
retained and reused to promote groundwater infiltration, such as 
top soil, established trees or natural topographic features.  The 
suitability of soil conditions to support vegetation or infiltration 
can help narrow the number of BMPs to be considered.  The long-
term maintainability of any BMP must be factored into all 
decisions as an underlying driver for sustainability.  
Consideration of all these factors can reduce monetary costs for 
the owner as well as reduce “external” costs for the city overall 
(conserving water, reducing amount of soil sent to landfills, etc.). 

                                                 
a  Estimates of potential stormwater runoff assuming an average yearly rainfall in Los Angeles of 15-inches on impervious 
surfaces. {Potential stormwater from a ¼-acre lot} = (0.25 x 43,560 sq.ft. per acre) x (15” rain per year) / (12” per ft.) x (7.481 
gal. per cu.ft.) = 101,835 gallons.  An ordinary, 2-lane street is 30 feet wide.  {Potential stormwater from a city street, not 
including sidewalks} = (500 ft. long) x (30 ft. wide) x (15” rain per year) / (12” per ft.) x (7.481 gal. per cu.ft.) = 140,269 gallons.  
Calculation by the City of Los Angeles Bureau of Sanitation, November 2008. 

 

Fundamental LID 
Objectives 

 
Low impact development strives 
to slow, clean, infiltrate and 
capture urban runoff and 
precipitation in order to increase 
groundwater recharge and water 
reuse.  

 
Types of LID  

Best Management 
Practices 

 
1. Landscape BMPs 
2. Building BMPs 
3. Street and Alley BMPs 
4. Site Planning BMPs 

Capital Region District, BC 
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Landscape BMPs 
 
Landscape-based BMPs that use runoff to support vegetation are particularly effective in satisfying the 
City’s LID goals.  For instance, the City’s million trees initiative (Million Trees LA) directly recognizes 
the important role of trees in the capture and reuse of water, plus the additional benefits they provide by 
absorbing CO2 (a greenhouse gas) and shading city streets to reduce the urban “heat island effect.”  
Native trees are well-suited as landscape BMPs because of their ability to use large amounts of water 
when available, but can still withstand long periods of reduced soil moisture.  Overall, integrating trees 
throughout the city could result in cooler temperatures, improved aesthetics, improved water quality, and 
enhanced property values.  
 
Past development practices often employed engineered solutions to stormwater management instead of 
preserving a site’s original soil conditions and natural drainage patterns.  Unfortunately, the impact of 
these many small decisions has resulted in the loss of the Los Angeles region’s ability to infiltrate 
groundwater, an increase in local temperatures and a negative impact to water quality.  Over time, 
landscape practices based on low impact development can mitigate many of the unfavorable impacts of 
prior development and change Los Angeles into a city that  
has more sustainable water management practices. 
 

 

Vegetated Swales  
A vegetated swale is a broad, shallow channel with a dense stand 
of vegetation covering the side slopes and the bottom.  Swales 
can be natural or manmade, and are designed to trap particulate 
pollutants (suspended solids, trace metals), promote infiltration, 
and reduce flow velocity from stormwater runoff.1  
 

Photo credit: Capital Region District, British Columbia 

 

Bioswales  
Bioswales are landscape elements, very similar to vegetated 
swales, designed to remove silt and pollution from surface runoff 
water.  They direct drainage with gently sloped sides (less than 
6%) and are filled with vegetation, compost and/or rip rap.  The 
water's flow path is designed to maximize the time water spends 
in the swale.2  
 
 

Photo: Westchester/Imperial Highway Infiltration Swale Project
Credit: LA BOS 
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Rain Gardens 
 A rain garden, created in a low spot on a property, captures rain 
and excess irrigation water from roofs, driveways and yards.  
Runoff is directed into the rain garden to support landscapes and 
for infiltration to ground water.  In a sense, a rain garden is a 
“mini-bioretention” swale that can be particularly well-suited for 
residential properties.  Supplemental irrigation may be required 
during the dry season in Los Angeles. 

 
Photo credit: Iowa Natural Resources Conservation Service, 

http://www.ia.nrcs.usda.gov/features/raingardens.html 

 

Infiltration Swales / Basins / Trenches 
Infiltration swales are designed for conveyance and infiltration, 
with less emphasis on growing vegetation.3  They are depressions 
created by excavation, berms, or small dams placed in a channel 
intended to infiltrate the storm runoff from impervious surfaces.   
  

Infiltration basins and trenches serve similar purposes as swales, 
but the tops may be hidden with covers that could range from 
landscaping to a porous material, such as decomposed granite. 
 

Photo: Pavers and infiltration swale at Taylor Yard  near Elysian Valley 
Credit: LA BOS 

 

Riparian Buffers 
Riparian buffers are strips of vegetated land adjacent to a river or 
stream. In addition to providing wildlife habitat, the grasses, 
shrubs and trees along stream banks capture sediments and 
pollutants and prevent erosion. They also slow down flow 
velocities, allowing more water to percolate into the ground.4 
 

Photo: Los Angeles River near Atwater Village 
Credit: LA BOS

 

Open Space & Parks 
Open space and parks provide large, vegetated areas especially 
well suited for infiltrating runoff on a regional scale. Additional 
benefits include increased wildlife habitat and recreation 
opportunities.  

 
Photo: Sepulveda Basin Wildlife Refuge in the Encino area of L.A 

Credit: LA BOS
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Building BMPs 
 
Building-based low impact development BMPs often focus on directly capturing and storing stormwater, 
but they can also be designed to slow and filter runoff, and reduce the sediments flowing into various 
water bodies.  Building BMPs also improve water quality, reduce the heating and cooling requirements of 
buildings, and improve aesthetics.  Capturing runoff from buildings or other impermeable surfaces for 
reuse can be done on different scales, ranging from small rain barrels to the construction of large 
underground cisterns.  Even though Los Angeles is considered a dry climate because rainfall occurs 
during a relatively short season, there is still considerable potential to capture significant amounts of 
water.     
 
Green roofs are especially innovative building BMPs.  Both locally and around the country, green roofs 
(sometimes called “living roofs”) have been installed to reduce runoff and provide attractive open spaces 
in unexpected locations.  Green roof BMPs have most often been used in areas where rainfall is 
distributed more evenly throughout the year when compared to Los Angeles.  However, in combination 
with other collection-oriented BMPs, green roofs cannot be ruled out for Los Angeles, especially when 
value is placed on potential energy savings and microclimate improvements.  Green roof concepts will 
need to be adapted to the unique microclimates found in Los Angeles. 
 
 

 

Green Roofs 
Placement of rooftop planting system that allows for sustained presence 
of live plants covering a significant portion of a building’s roof.  Green 
roofs can provide a range of environmental (stormwater runoff reduction, 
energy savings), economic, and social benefits.5  
 

Photo: Vista Hermosa Park, Santa Monica Mountains Conservatory,  Los Angeles 
Credit: LABOS

 Cisterns 
Reservoirs, tanks, or containers can be used to store stormwater for non-
potable reuse (such as landscape irrigation).  Cisterns are usually placed 
underground, but can also sit above ground.  The cistern system on the 
left directs rainfall from the roof through a sand pit to filter out impurities; it 
then collects the water in an underground cistern.  Cisterns can vary in 
size from smaller household units to large underground storage areas 
beneath outdoor playing fields.  These features can also be made into 
attractive architectural elements.  A pump may be required to harvest the 
water for reuse. 
 

Photo: Cistern in Chicago.  Credit: EPA / Abby Hall
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Rain Barrels 
Rain barrels are used to store rainwater for later reuse.  Gutters and 
downspouts direct rainfall from rooftops into the barrels.  Rain barrels are 
smaller and less expensive than cisterns, making them more appropriate 
for residential buildings.  Most barrels have spigots so that the water can 
be easily accessed for irrigation.  Rain barrels are made from a variety of 
materials and can be an attractive landscape feature.  They commonly 
have provisions to prevent mosquitoes from breeding.  
 

Photo Credit: http://www.greenerbuilding.org/

 

Rain Chains 
A rain chain is a creative and attractive form of water diversion from rain 
gutters to the collection system; it is an alternative to the more utilitarian 
downspout.  Rain chains consist of metal cups or chains linked to direct 
and slow rooftop runoff to a desired catchment area.  Architect Frank 
Lloyd Wright often used these as an architectural element; the concept 
originated in Japan centuries ago where they are known as “kusari doi.”6  

 
Photo: A home in West Los Angeles 

Credit: Haan-Fawn Chau

 



 

 
 

31

Street and Alley BMPs 
 
The 6,500 miles of streets7 and 914 miles8 of alleys in the City of Los Angeles have tremendous potential 
for reducing the velocity of water flows, decreasing polluted runoff and augmenting water infiltration.  In 
general, Los Angeles is highly urbanized, and the ability to apply relevant street and alley BMPs is mostly 
a function of redevelopment opportunities.  For instance, city roadwork projects can be used to “green” 
city streets and sidewalks with porous pavement, curb cuts and bioswales.  The successful application of 
these BMPs will also depend upon the development of standards acceptable to the City (to reduce 
liability) and the development of financial and aesthetic incentives.  Additional benefits common to most 
of these BMPs are aestethic improvements to the local neighborhood. 
 

 

Porous Pavement & Sidewalks 
Porous/permeable/pervious pavement and sidewalks absorb water, 
allowing infiltration into the soil layer below.  They are especially 
appropriate for highly urbanized areas where open space is scarce.  
Porous pavement usually needs to be vacuum swept periodically to 
keep pores unclogged.  Side benefits: (1) reduces danger of 
hydroplaning for cars, (2) some porous pavements absorb and store 
less heat, so they can help reduce temperatures in an urban 
environment.9 
 

Photo credit:  City of Los Angeles Watershed Protection Division, 
Planning and Engineering Section 

  

Permeable Pavers 
Permeable pavers allow water to percolate through crevices 
between paving blocks.  They come in a variety of styles, shapes 
and sizes.  Cobblestones are a popular example. 
 
 

Photo Credit: Permeable Pavers, EPA / Abby Hall 

 

Vegetated Pavers / “Grasscrete” 
This well-established BMP can be met with numerous commercial 
products.  Vegetated pavers help natural infiltration by reducing the 
overall imperviousness of otherwise paved areas.  They can be 
used for sidewalks, driveways, and parking lots.  They address 
stormwater through small, cost-effective, attractive landscape 
features located at the lot level.  They may be suitable for 
emergency access where other BMPs may not. 

Photo credit:  Haan-Fawn Chau
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Bump-Outs 
“Bump-Outs” are small vegetated swales that can be used in well-
established neighborhoods where other options for infiltration may 
be limited.  Not only can they be functional for reducing runoff, but 
they can also provide an attractive focal point for a street and can be 
used to slow traffic to improve pedestrian safety. 
 

Photo: Portland, OR. Credit: EPA / Abby Hall

 

Curb Cuts 
Curb cuts can be used to direct runoff from paved areas into 
infiltration zones such as bioswales.  They allow stormwater runoff 
to enter a vegetated area and infiltrate the underlying root system or 
soil medium. 

 
 

Photo: Hope Street, downtown Los Angeles.  Credit: Haan-Fawn Chau

 

Tree Wells 
Tree wells can be installed upstream of a catch basin to intercept 
urban runoff from a gutter (up to a certain volume).  The runoff is 
used to irrigate the tree and local landscaping, and provides 
infiltration.  During heavy rains, the excess water beyond the 
capacity of the tree well flows into the catch basin.  Tree wells are 
placed below grade so trash is also intercepted, which is then 
manually removed on a periodic basis.  

 
Photo: Hope Street, downtown Los Angeles.  Credit: Haan-Fawn Chau
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Site Planning BMPs 
 
The most important low impact development BMPs often occur during a project’s planning phase, well 
before any “green infrastructure” features are installed.  Properly planning the layout of a site to enhance 
natural drainage patterns and developing a strategy to preserve the infiltration capacity of the existing soil 
during construction can make an significant difference in the success of a LID project. 
 

 

Site Evaluation and Planning 
During the design phase, property owners and designers should 
evaluate the topographic and hydrologic features of their site and 
minimize the amount of impervious surfaces.  Soil characteristics 
determine whether the site is best suited for water capture or 
infiltration.  Low impact development BMPs should be placed in 
locations that will maximize infiltration and minimize runoff. 
 

Photo credit: Tom Liptan, Bureau of Engineering / Portland, OR 

 

Retaining Existing Trees and Large Vegetation 
Retaining existing trees and large vegetation that has well-
developed root systems can help improve the infiltration capacity of 
a low impact development site. 
 
 

Photo credit:  Haan-Fawn Chau 

 

Proper Site Grading 
LID sites can be graded to enhance natural drainage patterns by 
directing water towards rain gardens and infiltration zones.  Flat or 
shallow slopes reduce the velocity of stormwater runoff, allowing for 
greater infiltration.  Moreover, carefully planned grading practices 
can help preserve valuable topsoil. 
 
 

Photo credit:  Haan-Fawn Chau 
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Preserving Top Soil and Preventing Soil Compaction 
Healthy top soil can be a major asset to a LID site because it 
absorbs water quickly and the vegetation and microbes help filter 
out pollutants from urban runoff.  Compaction can greatly reduce the 
infiltration capacity of soil.  Therefore, strategies should be 
developed to preserve topsoil and to prevent soil compaction, 
especially during the construction phase of any LID project. 
 

Photo: Compacted soil vs. healthy soil.  Credit: Haan-Fawn Chau 

 
 
 
Prioritizing LID Best Management Practices 
 
Not all low impact development BMPs are equally effective, so municipalities could establish guidelines 
that place a greater priority on the installation of BMPs that fulfill goals for water infiltration, cleaning, 
velocity control, capture and reuse.  On July 9, 2008 the City of Los Angeles adopted simple guidelines10 
to prioritize the installation of stormwater BMPs to fulfill the County’s Standard Urban Stormwater 
Mitigation Plan (SUSMP).  (Read more about SUSMP in Chapter 7.)  The order of preference for the 
selection of appropriate BMPs is as follows:  (1) infiltration systems, (2) biofiltration/retention systems, 
(3) stormwater capture and reuse, (4) mechanical/hydrodynamic units, and (5) a combination of any of the 
above. 
 
In 2006, the County released a guidance manual called Los Angeles County-Wide Structural BMP 
Prioritization Methodology.11 12   The guidelines also apply to the City of Los Angeles because the City 
falls under the County’s Standard Urban Stormwater Mitigation Plan.  The County developed its 
Prioritization Methodology as a “systematic way of prioritizing structural BMP projects within Los 
Angeles County watersheds to optimize pollutant reductions in a cost-effective manner.”13  The County 
also notes that “the strength of the Methodology is its ability to systematically process multiple factors 
that affect BMP placement and effectiveness.”14   
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[4]  Benefits of Low Impact Development 
 
 
The potential benefits of low impact development for water 
pollution, water supply and energy usage in Los Angeles County 
are compelling.  A study conducted by Community Conservancy 
International (CCI) in March 2008 found that nearly 40% of L.A. 
County’s needs for cleaning polluted runoff could be met by 
implementing low impact development (LID) projects on 
existing public lands.  CCI calculated that there is a net average of 
15,000 acres of existing public lands in the county suitable for LID 
projects.1   
 
Additionally, a study completed by the Natural Resources Defense 
Council (NRDC) in January 20092 found that an increased use of 
LID practices throughout residential and commercial properties in 
L.A. County would promote groundwater recharge and water 
capture and reuse, reducing the county’s dependence on distant 
sources of water.  This increased use of LID would result in the 
savings of 74,600–152,500 acre-feet of imported water per year 
by 2030.  Based on current per capita water usage in the City of 
Los Angeles, this is equivalent to the water consumption of 
456,300–929,700 people.3  Moreover, since L.A. County would be 
pumping less water from distant locations, 131,700–428,000 
MWH of energy would be saved per year by 2030, which is 
equivalent to the electricity used by 20,000–64,800 households.4  
Therefore, LID could also mitigate climate change by reducing 
greenhouse gases.   
 
Both the CCI and NRDC studies illustrate the significant 
benefits that broad implementation of low impact development 
strategies can have for the Los Angeles region.  However, in 
order for Los Angeles to fully realize these benefits, LID would 
need to become a common, widespread practice for both new and 
existing land uses, not just an occasional innovation. 
 
Quantifying LID Benefits 
Quantifying the benefits of low impact development in monetary 
terms is dependent on the still-emerging field of placing economic 

 
Major Benefits of LID 

for L.A. County 
 
 
Polluted Urban Runoff 
 

Nearly 40% of the county’s 
needs for cleaning polluted 
runoff could be met by LID 
projects on existing public 
lands.a   
 
Water Supply 
 

By 2030, LID projects could save 
L.A. County 74,600–152,500 
AF/yr of imported water through 
groundwater recharge and water 
capture & reuse. b   
 
Energy Use & Climate Change 
 

Greater reliance on local water 
supply instead of pumping from 
distant locations would save 
131,700–428,000 MWH of 
energy per year by 2030. c   
 
 
 
Additional LID Benefits 

 
• Better flood control 
• Reduced need for wastewater 

treatment 
• Money saved on water 

management infrastructure 
• Increased green space and 

wildlife habitat 
• Reduced urban heat island 

effect 
• Community beautification 
• Emphasis on green jobs and 

economy 
 
 
 
Sources:  a) Community 
Conservancy International 2008,  
b) NRDC 2009, c) NRDC 2009 
 



 

 
 

37

values on nature’s services.   While the initial efforts to determine environmental benefits may be 
challenging to undertake, recent studies specific to the Los Angeles area have made significant headway 
in providing data that can be used to calculate the benefits of LID projects.   For instance, the Center for 
Urban Forest Research found that in Los Angeles, one million trees can remove 2.24 million pounds of 
air pollutants and capture 1.9 billion gallons of stormwater per year.5  Also, the Los Angeles & San 
Gabriel Rivers Watershed Council has developed a Groundwater Augmentation Model that can estimate a 
low impact development BMP’s potential for infiltration, water capture, and groundwater recharge.6 
 
Low impact development is best known for helping to resolve stormwater issues, but will also have value 
in terms of reduction of the urban heat island effect, carbon sequestration, and groundwater recharge, as 
mentioned above.  Further, unlike the typical mechanical methods of stormwater management (such as 
treatment plants) LID techniques often have significant and multiple community benefits that can 
simultaneously address a wide range of City concerns with one project.  The following tables highlight 
some of the advantages that LID has to offer.   
 
 

 
  Flood Control & Wastewater Management 
 

Issues How LID Helps Supporting Facts 

 
• Heavy rains can cause flooding.   

“On a typical dry summer day, an 
average of about 24 million 
gallons per day (mgd) flows 
through the storm drain system 
into the Santa Monica Bay.  In a 
heavy rain storm, this flow can 
increase to over one billion 
gallons per day.”7   

 
• Stormwater often leaks into aging 

sewage pipes, straining the 
capacity of our treatment 
facilities.  During a storm, the flow 
into the Hyperion Sewage 
Treatment Plant can double.8 
 

• The entire City of Los Angeles is 
approximately 47% impervious 
surfaces.9 

 
• Reduces the quantity of urban 

runoff and prevents flooding. 
 

• Provides natural plants and soil 
which absorb excess stormwater. 
 

• Relieves pressure placed on 
sewage treatment plant during rain 
events because less stormwater 
seeps into the sewage system. 

 
• Planted drainage swales in 

Seattle’s “SEA Streets” project 
reduced runoff volume by 99%10 
and cost 25% less than 
conventional street designs.11 
 

• Simulated tests of curb bump-
outs installed on Siskiyou Street 
in Portland, OR found that the 
vegetated swales absorbed 
enough water (85%) to prevent 
neighborhood basements from 
flooding.12 
 

• Rain gardens in Burnsville, MN 
retained 90% of storm runoff, 
even when rain was greater than 
the targeted 0.9-inch storm.13 
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  River & Ocean Pollution 
 

Issues How LID Helps Supporting Facts 

 
• In Los Angeles, the primary 

source of pollution in oceans and 
rivers is urban runoff.14 
 

• The City’s 34,000 catch basins 
carry trash and contaminants 
from the streets straight out to the 
ocean, with no treatment.15 
 

• Five of the 10 most polluted 
beaches in California are in L.A. 
County.16 

 
• Stormwater retention basins and 

rainwater catchment systems 
reduce the volume of contaminated 
water headed for creeks, rivers and 
the ocean. 
 

• Biological filtration by plants and 
soils can remove pollutants and 
sediments from urban runoff. 

 
• Nearly 40% of polluted runoff 

needs in L.A. County could be 
met by implementing “Green 
Solution” projects on existing 
public lands.17 
   

• In Seattle, a green street using a 
series of waterfall-like 
bioretention features captured up 
to 92% of pollutants through 
infiltration and plant uptake.18  
   

• Heritage Park in Minneapolis 
uses filtration basins and ponds 
to remove 70-80% of total 
phosphorous and 85% of 
sediment from local runoff.19 

 
 
  Water Supply & Demand 
 

Issues How LID Helps Supporting Facts 

 
• The L.A. area regularly faces 

water shortages and does not 
generate enough water to sustain 
itself. 
  

• Only 13% of L.A. City’s water 
supply comes from local 
groundwater.20   
 

• 48% of L.A. City’s water supply 
originates from the Mono Basin 
and Owens Valley aqueducts. 
 

• At least 30% of all the water used 
in the City of Los Angeles is used 
outdoors.21 

 
• Decreases Los Angeles’ 

dependence on outside sources of 
water. 
 

• Reduces the demand for irrigation 
water because rainwater is slowed 
and captured for infiltration into the 
ground.  Some methods also 
capture water for reuse. 
 

• Increases the supply in the local 
water table. 
  

• Promotes or requires the use of 
drought-tolerant plants. 

 
• Widespread use of water 

infiltration, capture and reuse in 
L.A. County would result in the 
savings of 74,600–152,500 acre-
feet of imported water per year 
by 2030.22  (Equivalent to the 
water consumption of 456,300–
929,700 people.) 
 

• Each ¼-acre lot in L.A. has the 
potential to generate100,000 
gallons of stormwater annually.23 
 

• By disconnecting 60,000 gutter 
downspouts, Portland diverted 
1.5 billion gallons of stormwater 
per year. 24  
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  Climate Change  
 

Issues How LID Helps Supporting Facts 

 
• Fossil fuels are the #1 source of 

the greenhouse gases that cause 
climate change. 

  

• World temperatures could rise by 
between 2.0 and 11.5 °F during 
the 21st century.25   

 

• Blacktop surfaces can elevate 
surrounding city temperatures as 
much as 10°F. 26 

 

• In the summer, central Los 
Angeles is typically 5°F warmer 
than surrounding suburban and 
rural areas due to the heat island 
effect.27 

 
• Increasing the local water supply 

means that Los Angeles will use 
less energy pumping water from 
distant locations. 

 

• Trees and landscaping counteract 
climate change by absorbing 
excess carbon dioxide. 

 

• Shade from trees and 
evapotranspiration by plants reduce 
the heat island effect. 
 

 
• Water systems account for 19% 

of the electricity used in the state 
of California.28 

 

• L.A. County could save 
131,700–428,000 mWh of 
energy per year if less water was 
transported from Northern 
California.29  (Equivalent to 
electricity use of 20,000–64,800 
households.) 

 

• Each shade tree in L.A. prevents 
the combustion of 18kg of 
carbon annually and sequesters 
an additional 4.5–11kg of carbon 
per year. 30 

 
 
  Green Space & Community Improvements 
 

Issues How LID Helps Supporting Facts 

 
• Los Angeles ranks last among 

major cities in per capita open 
space. The National Recreation 
and Parks Association 
recommends 10 acres of park 
space per 1,000 residents.  L.A. 
barely reaches 10% of this 
national standard with a mere 
1.107 acres per 1,000 
residents.31 
 

• Many L.A. neighborhoods do not 
have any substantial trees or 
street landscaping.  Acccording 
to a canopy analysis prepared for 
the City in 2006, L.A. has an 
average of only 21% canopy 
cover; in some districts, the 
canopy cover is as low as 7%.32 

 
• Increases parks, open space and 

landscaping. 
  

• Complements the goals of the city’s 
Million Trees LA Campaign. 
  

• Adds more wildlife habitat and 
enhances wetlands vegetation. 
  

• Many LID measures, such as 
increased landscaping, are 
aesthetically pleasing and help to 
beautify communities and make the 
city more pedestrian-friendly. 

 
• L.A.’s Sepulveda Basin Wildlife 

Refuge is used to control major 
floods.  It also provides 225 
acres of wildlife habitat and 
recreation opportunities.33 

  

• Tree-lined streets are more 
walkable because they provide 
shade and some separation 
between cars and pedestrians.34 

 

• Attractive landscaping and 
plantings can increase property 
values by 15%.35 

 

• Trees and well-maintained 
grassy areas create a welcoming 
neighborhood atmosphere.  
Studies show this promotes 
social health and reduces crime 
and violent behavior.36 37 
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  Green Jobs & Economy  
 

Issues How LID Helps Supporting Facts 

 
• The City of Los Angeles would 

like to encourage the 
development of “green-collar” 
jobs.38  

 
• The current economic recession 

has resulted in city budget cuts.  
More revenues are needed to fill 
the gaps. 

 

 
• Encourages the growth of the green 

building industry.  
 

• Encourages the landscaping and 
gardening industry to shift to eco-
friendly practices that emphasize 
native, drought-tolerant plants and 
rainwater harvesting. 

 

• Property drainage evaluations 
could increase the demand for 
“green industry” jobs in 
environmental assessment. 

 

• Trees and landscaping and 
reduced neighborhood flooding can 
enhance neighborhood property 
values, thus increasing tax 
revenues. 

 
• L.A.’s Green Building Ordinance 

will create an anticipated 500 
green-collar, union jobs.39 

 

• L.A.’s growing green building 
industry presents workforce 
development opportunities for 
auditors and landscapers and 
gardeners.40  

 

• Trees in Portland, OR generate 
approx. $13 million per year in 
property tax revenues by 
increasing real estate values.41 

 
 
  Construction & Building Costs  
 

Issues How LID Helps Supporting Facts 

 
• To maximize profits, developers 

usually select the most cost-
efficient building and landscaping 
options. 

 
• To conserve funds, the City of 

L.A. makes it a priority to keep 
construction costs low for City 
projects. 

 
• LID projects use less concrete & 

asphalt, and reduce the need for 
pipes and other stormwater control 
devices.  As a result, site 
development and maintenance 
costs can be lowered. 42 

 

• LID best management practices 
can eliminate the need for 
expensive curbs and gutters (catch 
basins). 43 

 

• LID projects involve minimal 
clearing and grading, thus reducing 
the need for costly earth-moving 
equipment. 44 

 
• An EPA analysis of 17 LID 

projects from across the nation 
found that all but a few projects 
cost less than conventional 
water management controls.  
Savings ranged from 15–80%.45 

 

• Seattle’s first green street (SEA 
Street #1) cost 25% less than 
conventional street designs. 46 

 

• Extensive use of swales and rain 
gardens for a new subdivision in 
Somerset, MD cost 32% less 
than it would have for 
conventional stormwater 
controls.47 
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[5]  Examples of LID Programs & Projects 
 
 
Many cities across the country already have low impact development (LID) regulations, programs and 
projects underway, often pursued as an extension of a greater stormwater management, landscaping or 
sustainability program.  This chapter describes a variety of LID efforts in the United States, with some 
specific focuses on local examples from Los Angeles and Southern California. This review is intended to 
be selective and not exhaustive.  For more information on nationwide LID practices, please see the 
resources listed in Appendix I. 
 
 

Maryland— LID Programs and Stormwater Regulations 
 
Prince George’s County:  LID Urban Retrofit Program 
In 1999, the Environmental Services Division of Prince George’s 
County, Maryland, pioneered a radically different approach to 
stormwater management with the introduction of their manual titled, 
“Low Impact Development Design Strategies: An Integrated Design 
Approach.”1  This document has since become a leading reference 
guide on low impact development in the United States.  By the end 
of 2006, Prince George’s County had completed a number of 
projects to demonstrate the feasibility of incorporating LID 
principles into the urban landscape.   
 
The pilot projects in the Anacostia River Watershed focused on 
infiltration and bio-retention BMPs to manage urban runoff, while 
keeping an eye on the overall landscaping aesthetics.2  These projects 
incorporate key LID elements: conservation of existing natural and 
topographical features, emphasis on retrofitting as opposed to 
clearing new land, increased detention times over existing 
conditions, and the integration of small source-control projects into 
existing landscaping to improve local water quality. 
 
Maryland Stormwater Act of 2007 
Governor Martin O’Malley signed the Maryland Stormwater Act into law in 2007.3  This act aims to 
maintain predevelopment runoff characteristics as nearly as possible by implementing “environmental site 
design” (ESD).  ESD includes the conservation of natural features, minimizing use of impervious 
surfaces, slowing runoff, and preferentially using nonstructural practices or innovative stormwater 
management practices.  Because of the Stormwater Act, the Maryland Stormwater Design Manual 
(originally released in 2000) has been revised to promote ESD as much as possible.4  

 
Highway divider strip before and after the 
retrofit of an infiltration swale.  
 
Credit: Final Technical Report – Pilot Projects for LID 
Urban Retrofit Program in the Anacostia River 
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 Seattle— SEA Streets and Green Factor 
 
SEA Streets Project 
In 2001, Seattle completed its pilot “Street Edge 
Alternatives” Project (SEA Streets).5  The city 
redesigned residential streets to reflect natural drainage 
patterns using swales and the addition of over 100 
evergreen trees and 1100 shrubs.  To support LID goals, 
the SEA Streets had 11% less impervious surfaces than a 
conventional street. Two years of monitoring has found 
that the SEA Streets have reduced the total volume of 
stormwater leaving the street by 99%. 
 
Seattle Green Factor 
In 2006, the City of Seattle revised its building codes for 
business and commercial areas.  A part of the revision 
included an innovative system called the Seattle Green 
Factor, which places an environmental value on virtually 
every exterior element of a property.6  The Seattle Green 
Factor promotes LID principles using flexible 
requirements, which allows developers to select the most 
appropriate landscaping and building elements for their 
site.  The Green Factor aims to increase the quantity and 
quality of natural drainage and landscaping elements.  
While layering vegetation and public visibility are 
prominent objectives, the Green Factor also promotes 
rainwater harvesting and the use of plants with low water 
requirements.   
 
As of January 2007, Seattle requires new developments in 
neighborhood business districts to achieve a final Green 
Factor score of 0.30 or higher.  A “Green Factor 
Worksheet” lists various landscaping options along with 
their corresponding multipliers.  The multipliers, which weigh the elements in proportion to their 
desirability and environmental effectiveness, are used with square footage measurements to calculate the 
total Green Factor value of a property.  For example, asphalt, concrete and conventional pavement have 
low green factors of 0.0, but LID practices such as permeable paving (0.6) and green roofs (0.7) have 
much higher values.   
 
 

Seattle Green Factor 

Scoring Parameters 

Element Multiplier 
Vegetated walls 0.7 
Rain garden  0.7 
Lawn – deep 0.7 
Green roofs 0.7 
Permeable pavement 0.6 
Exceptional trees 0.5 
Bigger trees 0.4 
Smaller trees 0.3 
Shrubs-deep 0.3 
Shrubs – shallow 0.3 
Lawn – shallow 0.2 
Visibility (aesthetics) - bonus 0.1 
Drought tolerant - bonus 0.1 
Conventional pavement 0.0 

  

 

Seattle’s SEA Street (Street Edge Alternatives) project 
includes bioswales and permeable pavement. 

EPA / Abby Hall
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Portland— Green Street Retrofits & Stormwater Management Program 
 

Siskiyou Green Street Project 
Portland, Oregon’s first green street project on NE Siskiyou 
Street was completed in just two weeks during 2003.7  
Siskiyou Street was selected for the pilot project because the 
local homes would experience basement flooding during 
major storms.8  Two stormwater curb extensions (“bump-
outs”) with attractive landscaping were added to this 
residential street for $17,000.9  Strategically-placed curb cuts 
in the bump-outs allow street runoff to flow into the 
bioswales, where the water is then filtered and infiltrated 
into the ground.  A flow test conducted in 2004 determined 
that the bump-outs would capture 85% of the runoff 
generated by a 25-year storm and delay the peak flow by 
twenty minutes.10  Besides the major stormwater 
management benefits, the Siskiyou Street project also makes 
the street more attractive, filters out water pollutants and 
increases street safety by reducing the speed of cars.  
 
Portland’s Stormwater Management Manual 
The City of Portland has a comprehensive approach to 
stormwater management that emphasizes the use of 
vegetated surfaces to treat and infiltrate stormwater on the 
property where the stormwater runoff originates.  The 
Stormwater Management Manual (SWMM), developed by 
the Portland Bureau of Environmental Services in 1999 and 
most recently revised in July 2008, outlines the stormwater 
management requirements that apply to development and 
redevelopment on private and public properties.11  The 
SWMM illustrates methods for infiltration and discharge, 
flow control, pollution reduction, operations and maintenance, and source control. The city promotes the 
use of vegetated surface infiltration facilities for meeting multiple requirements. SWMM provides design 
criteria for these vegetated facilities, many of which are LID-based.  
 
Portland’s Office for Sustainable Development also provides guidelines and practical solutions for 
designing and building of LID practices such as eco-roofs, rainwater harvesting, green streets, and water 
conservation.12  This office uses a combination of technical assistance (including workshops for 
homeowners and businesses), outreach, research and policy development. 
 

EPA/ Abby Hall 

Curb bump-outs on NE Siskiyou Street 
in Portland, OR. 

Nevue Ngan Assoc / Kevin Robert Perry 
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Chicago— Green Infrastructure  
 
Water Agenda & Green Building Agenda  
The City of Chicago published its “Water Agenda” in 
2003 as a strategy for protecting its water resources 
by conserving water, protecting water quality, 
managing stormwater and providing outreach and 
encouraging mobilization—all focusing on “green” 
infrastructure as opposed to conventional “built” 
infrastructure.13  The stormwater component of this 
plan relies on creating green infrastructure for City 
projects as well as private developments.  Examples 
of low impact development (LID) practices include 
rooftop gardens, permeable alleys, rain gardens, green design and infrastructure requirements for 
developers’ site plans, and wetlands rehabilitation.  Building on experience, Chicago started a new green 
building program, “Chicago’s Green Building Agenda 2005,” with goals that include reduced operation 
and maintenance costs, conservation of natural resources, and the improvement of health and 
productivity. Ultimately, Chicago expects to create a “Green Building Code” to utilize green building 
technologies and strategies. 
 
Green Alley Program 
Chicago’s “Green Alley” program, developed by their Department 
of Transportation, has completed projects that use permeable 
pavement to increase rainwater infiltration, recycled concrete, and 
surfaces that have a high solar reflectance (high albedo) to reduce 
the heat island effect.14  “The Chicago Green Alley Handbook”15 
recently won the 2007 American Society of Landscape Architects 
award for Communications Honors16 for its simple and easy-to-
understand graphics explaining possible BMPs.  Other cities 
(including Seattle, Baltimore and Vancouver) also have innovative 
programs to convert, sometimes unattractive, alleys into green 
spaces and stormwater BMPs.  
 
Stormwater Ordinance and BMP Guide 
The Chicago Stormwater Management Ordinance, effective 
January 1, 2008, specifically addresses many of the goals of the 
Water Agenda.17  The ordinance requires “regulated development” 
to have an approved stormwater management plan in place for (1) 
managing the peak rate of stormwater discharge from the property,        

Permeable alley during construction and 
after completion in Chicago. 

Credit: Chicago Dept. of Transportation 

Chicago’s green roof on City Hall 
Photo: http://www.asla.org/meetings/awards/awds02/chicagocityhall.html 
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and (2) controlling on site (by capture) the volume generated by ½ inch of stormwater on the property’s 
impervious surfaces. 
 
The City of Chicago has also developed the “Guide to Stormwater Best Management Practices,” which is 
a “how to” plan for residents, developers, and other community members on several LID BMPs for 
reducing the amount of stormwater.18  The guide includes cost estimates and is a helpful resource for 
more information.  
 
 

City of Ventura— Green Streets Policy & LID Resolution 
 
In July 2008, the City of Ventura enacted its “Green 
Street” policy, which directed city staff to “begin 
incorporating Green Street elements into repaving projects 
on a city-wide basis,” and identified South Catalina Street 
as the location for a Green Infrastructure Demonstration 
Project.19  The projects all incorporate LID practices, and 
range from street and alley repaving projects to a 
requirement that all City parking lots include provisions to 
divert and retain stormwater runoff.  To help plan future 
projects, the City developed a comprehensive “Green 
Streets Matrix” which contains BMP benefits and costs.  
(See Appendix II.) 
 
At the same time, the Ventura City Council adopted a resolution in support of the “Resolution of the 
California Ocean Protection Council Regarding Low Impact Development.”20  The resolution, drafted by 
the Ocean Protection Council, aims to coordinate and improve the protection and management of 
California’s ocean and coastal resources by implementing the Governor’s Ocean Action Plan.  The 
resolution states that LID is a “practicable and superior approach to minimize and mitigate increases in 
runoff and runoff pollutants” at a cost that is 15% to 80% less than when using conventional stormwater 
treatment facilities.  Accordingly, the resolution promotes the use of LID principles for new developments 
and redevelopments and LID retrofits of existing impervious areas.  It also describes a series of 
recommendations for the implementation of LID at the state and local level, which Ventura seeks to 
incorporate. 
 
 

County of Los Angeles— Green Building Ordinances 
 
In October 2008, the County of Los Angeles passed a comprehensive Green Building Program supported 
by three ordinances: 1) Green Building Ordinance, 2) Drought-Tolerant Landscaping Ordinance, and 3) 

 
City of Ventura, California 

Credit: “Solving the Urban Runoff Problem” www.surfrider.org/ventura 
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Low Impact Development Ordinance.21  The Green Building Program ordinances apply to the 
unincorporated portions of Los Angeles County, as well as to all County of Los Angeles capital 
construction projects.22  Draft versions of the “Low Impact Development Manual” and the “Green 
Building and Sustainability Guidelines” have been created.   
 
The Green Building Ordinance will apply only to 
new construction.  Buildings, no matter their size, will 
have to comply with the County’s green building 
standards. 23  Larger residential, mixed use, hotel and 
high-rise buildings will also have to become LEED 
certified by the U.S. Green Building Council.  The 
County’s Green Building Standards support LID 
principles by requiring smart irrigation controllers and 
drought-tolerant plants (selected from a list of 
approved species) for at least 75% of the total 
landscaped area.  Residential projects are also 
required to plant a specified number of drought-
tolerant trees. 
 
The County’s Drought-Tolerant Landscaping Ordinance amends Titles 21 and 22 of the Los Angeles 
County Code by establishing minimum standards for the design and installation of landscaping using 
drought-tolerant plants.  This ordinance will apply to all construction of new private property as well as to 
expansions of existing buildings or structures in excess of 2,500 square feet; the ordinance requires that at 
least 70% of the landscaped area shall use plants from the “Drought-Tolerant Approved Plant List” 
maintained by Los Angeles County Department of Regional Planning.  
 
The objectives of the Low Impact Development Ordinance include:24   

a) Mimic the stormwater and urban runoff rates and volumes that would be found in an undeveloped 
area in any storm event up to and including the 50-year capital design storma event;25 

b) Prevent stormwater pollutants of concern from flowing off-site (for storms up to and including 
the water quality design storm event); and 

c) Minimize impacts to natural drainage systems. 
 
The County’s LID Ordinance will apply to new development and redevelopments.  Redevelopment 
projects that alter more than half of a site’s impervious surfaces must bring the entire site up to LID 
standards.  Otherwise, only the alteration itself needs to meet LID requirements.  Projects that 1) alter less 
than 50% of impervious surfaces, and 2) have no more than four previously existing residential units are 
exempt from LID standards.26 
 
                                                 
a  “Capital storm” is a 50-year design storm on a saturated watershed.   

 

1100 S. Hope Street in downtown Los Angeles 

Haan-Fawn Chau
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City of Los Angeles— River Master Plan and Green Streets 
 
Los Angeles River Revitalization Master Plan 
 
The Los Angeles River Revitalization Master Plan (LARRMP), published in April 2007, is a 20-year 
blueprint for the development and management of the first 32 miles of the river, from Canoga Park to 
downtown.27  The goals of this plan are to restore the ecological and hydrological functions of L.A. River, 
to green adjacent neighborhoods, to capture community opportunities, and to create value for the local 
area.  The plan recommends the transformation of the River Corridor into to a continuous River 
Greenway.  Typical LID elements in the LARRMP include the implementation of greens streets and 
natural open spaces, daylighting of streams currently hidden by development, and the incorporation of 
stormwater BMPs into existing roadways, new streetscapes, and in all public landscapes.   
 
 
 

         
Recent photo, San Fernando Valley           Revitalization Concept 

 
Photo Credit: http://www.lariverrmp.org/CommunityOutreach/masterplan_download.htm. 

 
 
Green Streets L.A. Program 
 
Contaminated runoff is the largest source of ocean pollution in Southern California,28 29 and the city’s 
street infrastructure plays a major role in flushing these pollutants out to sea.  The city has approximately 
6,500 miles of streets30 with 10,000 miles of sidewalk31 and 34,000 catch basins.32   The Green Streets 
LA program33 was initiated by the Board of Public Works with the idea that the streets of Los Angeles 
offer an enormous opportunity to infiltrate, capture and filter urban runoff to prevent pollution and to 
convert stormwater into a valuable resource for groundwater recharge and water reuse.34  
 
The Green Streets Committee is comprised of representatives from a number of City departments that 
work on issues related to street infrastructure.  Monthly meetings are designed to help facilitate 
communication and coordination between these entities.  Recently, the Green Streets Committee has 
focused on integrating LID practices into City infrastructure programs and construction standards. A 
preliminary set of Green Streets design guidelines were developed in 2008.  
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The Green Alleys Committee (a subcommittee of the Green Streets Committee) is working on 
identifying alleys in Los Angeles that could become pilot projects for a green retrofit.  There is a total of 
914 linear miles of alleys within the City of Los Angeles.35  The committee is also investigating funding 
opportunities.  The main representatives on the Green Alleys Committee come from the Board of Public 
Works, the Community Redevelopment Agency and the USC Center for Sustainable Cities Program 
(CSC).  The CSC has developed detailed characteristics on over 300 alleys in Los Angeles.36 
 
Green Streets Projects in Los Angeles 
 
Oros Street is a residential street in the Elysian Valley section of Los Angeles.  Runoff from this street 
drains directly to Los Angeles River.  This is one of the first streets in Los Angeles to be converted into a 
green street.  Completed in 2007 at a total cost of about $1 million, this project provides bio-retention 
areas in the street parkway, additional street landscaping and a large infiltration basin underneath 
Steelhead Park at the end of the block.  The objective was to capture and treat 100% of the dry-weather 
runoff and at least ¾” of rainfall during storms.  This project was a collaboration between North East 
Trees and the City of Los Angeles, represented by the Bureau of Street Services and the Watershed 
Protection Division from the Bureau of Sanitation. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Riverdale Avenue is close to Oros Street and is expected to be converted to a green street by the end of 
2009.  The purpose of the retrofit is to capture and infiltrate urban runoff and stormwater from a 14.6-acre 
drainage area by using specially-designed diversion measures and infiltration planters.  Existing parkways 
and sidewalks will be replaced by native plant species.  Construction costs of this project are funded by a 
grant from the State Coastal Conservancy (up to $500,000) and the City of Los Angeles will provide in-
kind design services. 

 

Oros Street during and after “green street” reconstruction. 

LA DPW LA BOS / K. Weston 
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Elmer Avenue, between Stagg and Keswick Street in the Sun Valley watershed, will be retrofitted into a 
green street by the summer of 2009.  The focus of this retrofit is to minimize the water demand for 
irrigation and to improve the quality of runoff that flows into L.A. River.37  Project elements include 
runoff capture and infiltration on the public right-of-way and runoff capture and water conservation on 
residential properties (rain gardens, drought-tolerant landscaping, permeable surfaces).  This project is a 
collaboration between residents, nonprofit organizations, granting agencies, Council District 6, and the 
Bureaus of Sanitation, Street Services and Engineering.38  The Los Angeles and San Gabriel Rivers 
Watershed Council has agreed to provide a grant of $1.25 million.  TreePeople will also provide 
educational and financial assistance to residents for converting their lawns to native landscaping and for 
using stormwater BMPs.  This project is part of the L.A. Basin Water Augmentation Study led by the San 
Gabriel Rivers Watershed Council.39 
 
Bimini Slough Ecology Park, near Second and Vermont Avenues in the Koreatown section of Los 
Angeles, is a new pocket park built on LID principles.  Existing, well-established trees were incorporated 
into the park’s redesign.  New plants and trees were selected from native, drought-tolerant varieties.  In 
the dry season, plants are maintained with a state-of-the-art drip irrigation system.  The Bimini Slough 
Ecology Park incorporates a biofiltration swale to reuse stormwater.40  A decomposed granite walkway 
allows for infiltration.  Los Angeles County oversaw testing41 to evaluate BMP performance, which 
indicated that the biofiltration swale effectively reduced total suspended solids, oil and grease and had 
some impact on reducing other constituents of concern.b  The park opened to the public on January 26, 
2006. 

                                                 
b  Testing was completed in 2005 and was limited to three sampling events in a particular wet year.  Because the 
testing was very limited, meaningful performance statistics were not generated.  However, test results seem to 
indicate effective performance at reducing oil and grease and Total Suspended Solids.  Though not as conclusive, 
data also appeared to indicate reductions in lead and zinc.  Analysis of samples for microorganisms and nutrients 
were not conclusive other than to indicate there was not a significant change, inlet to outlet.  

Current view of Riverdale Ave. (left) and design concept for Riverdale green street retrofit (right). 
Credit: LABOS / D. Deets 
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2005 View of 2nd street before park 

construction. 
Credit: LABOS 

Bimini Slough Ecological Park in East Hollywood by 
after plants became well established. 

Credit: North East Trees 

 
 
Los Angeles Downspout Disconnection Program 
The City of Los Angeles initiated a pilot “Downspout Disconnection” program in December 2008 to 
prevent roof runoff from homes and businesses in the Ballona Creek watershed area from flowing onto 
into the storm drain system.42 43  Instead, the City will offer incentives and educational information to 
encourage citizens to redirect the water from their downspouts away from impervious surfaces and into 
planters or rain barrels for later reuse. 
 
 

Santa Monica— Green Building Program  
 
The City of Santa Monica’s Green Building Ordinance44 is a component 
of its Green Building Program, which also includes construction 
guidelines, identifies green building materials, and establishes 
landscaping and irrigation requirements.45  The Green Building Program 
provides incentives in the form of grants—ranging from $20,000 to 
$35,000—for the design of buildings certified under the U.S. Building 
Council’s LEED Green Building Rating System.  Another element of the 
City’s program provides expedited permitting for LEED-registered 
projects. 
 
Santa Monica has also published the “Santa Monica Residential Green Building Guide” that describes 
sustainable building practices that can be incorporated into new or remodel construction.46  The guide 
explains the benefits of using environmentally-friendly alternatives for utilities, construction materials 
and landscaping.  The guide includes extensive resources for products, technical guidance and financial 
resources such as grants.  
 
 

A Santa Monica home that collects 
roof runoff in a rain barrel. 

EPA / Abby Hall 
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City of San Diego— Stormwater Management & LID Program 
 
The City of San Diego created the “Low Impact Development Handbook: Stormwater Management 
Strategies” in December 2007, in part, to satisfy the City’s Municipal Stormwater Permit.  The city’s LID 
program protects water quality by preserving or mimicking nature through the use of stormwater planning 
and management techniques.  The handbook provides a list of LID planning and stormwater management 
strategies for developers, builders, contractors, planners, landscape architects, engineers, and government 
employees to help in planning a new project site.47  Eventually, all sites larger than one acre in the City of 
San Diego will be required to incorporate LID features.  Though the handbook is now just a guide, many 
of the techniques will eventually be incorporated into the city’s SUSMP (Standard Urban Stormwater 
Mitigation Plan) requirements. 
 
 

Northern California 
 
Village Homes in Davis, CA 
Village Homes is a well-established community and housing development in Davis, CA that was built 
around LID concepts.  It is located in a climate similar to many parts of Los Angeles—warm summers, 
cool winters and limited rainfall (approximately 25% more than Los Angeles).48  Developed in 1970s and 
early 1980s, Village Homes is an excellent example of 
residential low impact development.  There are 225 
homes and 20 apartments on 70 acres, and the entire 
development relies exclusively on a natural drainage 
system—creek beds, swales, and pond areas.  The 
development is well known for these unique landscape 
design features.  Village Homes also incorporates many 
other environmental features such as narrow streets, 
passive heating and cooling, and organic gardening 
practices.   
 
 
Emeryville— Guidelines for Green Development  
The City of Emeryville, CA released “Stormwater 
Guidelines for Green, Dense Redevelopment” in 
December 2005.  It is a guide to integrating high density 
live/work communities, parking and ecological 
benefits.49  It recommends land use and parking policies 
that minimize impervious surfaces and maximize green 
space for recreation, improved water quality, reduced 
heat-island effects and community aesthetics.  The Stacking cars reduces the need for impervious 

parking lots at this business in Emeryville. 

EPA / Abby Hall 

 
Village Homes relies exclusively on natural drainage.  

Photo credit: http://www.villagehomesdavis.org 
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guide comes with a companion spreadsheet model to evaluate various combinations of LID concepts, 
including detention systems, infiltration and flow-through planters and biofiltration swales.  This simple 
model makes it easy to evaluate different storm scenarios for Emeryville, and could probably be adapted 
for use in other regions.   
 
 
San Francisco— Rainwater Harvesting Program 
The San Francisco Public Utilities Commission (SFPUC) began its rainwater harvesting program in 
October 2008.  Its main goal is to reduce the amount of water flowing into the municipal combined sewer 
system, but it also promotes the use of rainwater for irrigation and non-potable applications.50  The 
SFPUC is subsidizing the cost of rain barrels for city residents and not requiring permits for their use. The 
same program is also promoting the use of cisterns on larger properties. 
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Bioswale installed voluntarily by the developer of 1100 S. Hope Street in downtown Los Angeles. 
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 [6]  Funding & Maintaining a LID Program 
 
 
How Much Does LID Cost? 
 
Pilot projects have shown that using low impact development (LID) techniques instead of conventional 
stormwater controls can result in considerable capital cost savings.  An analysis of LID projects from 
across the nation conducted by the U.S. Environmental Protection Agency (EPA) in 2007 found 
that with just a few exceptions, the capital costs of LID projects were less than conventional water 
management controls.  As shown in the table below, savings ranged from 15–80%.1  (Please see 
Appendix III for a fact sheet about the report.)  It is important to note that the EPA’s analysis did not 
account for the value of the environmental, social and community benefits created by the projects. 

 

 
Project a 

Estimated 
Conventional
Development

Cost 

Actual 
LID Cost 

Cost 
Savingsb 

  
Percent
Savingsb 

2nd Avenue SEA Street  (Washington) $868,803 $651,548 $217,255 25% 

Auburn Hills  (Wisconsin) $2,360,385 $1,598,989 $761,396 32% 

Bellingham City Hall  (Washington) $27,600 $5,600 $22,000 80% 

Bellingham Park  (Washington) $52,800 $12,800 $40,000 76% 

Gap Creek  (Arkansas) $4,620,600 $3,942,100 $678,500 15% 

Garden Valley  (Washington) $324,400 $260,700 $63,700 20% 

Kensington Estates  (Washington) $765,700 $1,502,900 –$737,200 –96% 

Laurel Springs  (Wisconsin) $1,654,021 $1,149,552 $504,469 30% 

Mill Creekc  (Illinois) $12,510 $9,099 $3,411 27% 

Prairie Glen  (Wisconsin) $1,004,848 $599,536 $405,312 40% 

Somerset  (Maryland) $2,456,843 $1,671,461 $785,382 32% 

Tellabs Corporate Campus  (Illinois) $3,162,160 $2,700,650 $461,510 15% 

  
The above examples include projects such as Seattle’s first green street (SEA Street #1, described earlier 
in Chapter 5), which cost 25% less than conventional street designs,2 and the extensive use of swales and 
rain gardens for a new subdivision in Somerset, MD, which saved developers 32% of the cost for 
conventional stormwater controls.3 
 
Research conducted by the City of Ventura may be helpful in determining the potential costs of 
implementing low impact development in Los Angeles, as Ventura is also located in Southern California 
and has a similar climate.  A copy of Ventura’s “Green Streets Matrix” is included in Appendix II.  It 

Notes: 
  
a Some of the case study results do 
not lend themselves to display in the 
format of this table (Central Park 
Commercial Redesigns, Crown St., 
Poplar Street Apartments, Prairie 
Crossing, Portland Downspout 
Disconnection, and Toronto Green 
Roofs). 
b Negative values denote increased 
cost for the LID design over 
conventional development costs. 
c Mill Creek costs are reported on a 
per-lot basis. 
 
Source: “Reducing Stormwater Costs 
through Low Impact Development (LID) 
Strategies and Practices.” USEPA, 2007. 

EPA Report:  
  

Cost Comparisons 
Between Conventional 
and LID Approaches 
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contains an analysis of the costs, benefits, challenges and drawbacks for 17 different kinds of LID best 
management practices.  The City of Los Angeles’ Green Streets LA program is also in the process of 
developing its own cost estimates.   

 
A sample page from the City of Ventura’s “Green Streets Matrix” 

 
The Need for Maintenance Funding 
In a time of government budget cuts, searching for steady funding to support new public works projects 
and regular maintenance services has never been more important.  Consistent maintenance of low impact 
development (LID) best management practices will ensure that they continuously perform at a high 
standard.  For instance, porous pavement needs to be vacuum-swept several times per year and vegetated 
swales may need occasional pruning or irrigation.  The rest of this chapter highlights a number of ideas 
that could help secure a steady revenue stream for city projects and services.  
 
 

Funding Strategies:  Municipal Bonds 
 
Municipal bonds can be issued by the City or its agencies to finance capital expenditures for public-
purpose projects.4 5 There are two main categories of bonds: general obligation bonds that are secured by 
the government’s taxing powers, and revenue bonds that are secured by a pledge of the project’s 
revenues.6  Municipal bonds could help raise funds for the construction and installation of new low 
impact development projects in the City of Los Angeles.  However, bond money can only be used to 
cover capital costs; therefore ongoing maintenance expenditures must be funded from separate sources.   
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Fees & Assessments 
 
LID In­Lieu Fees 
Some areas of the city may be too densely 
developed to allow for significant levels of 
infiltration.  For these locations, the City 
could raise funds by charging developers in-
lieu fees, which would then go towards 
developing or maintaining LID projects 
nearby.7  In-lieu fees would add some 
flexibility to low impact development 
regulations, making this a politically 
attractive option.  Since low impact 
development aims to treat stormwater on the 
local level, it is very important that in-lieu 
projects be located close to their original 
project locations.  (Read more in Chapter 10, 
p.97.) 
 
Increased Stormwater Pollution 

Abatement Charge 
The Stormwater Pollution Abatement Charge 
(SPAC)—found on residents’ L.A. County 
tax bills—is used to generate “funds for 
receiving, transporting, pumping, 
constructing and maintaining storm drain 
facilities and for the treatment and/or disposal 
of storm drainage through the storm drain 
system.”8  The L.A. City Bureau of Sanitation's Watershed Protection Division receives this money 
(currently, approximately $28.6 million per year9) through the County of Los Angeles and uses it to 
develop and implement stormwater pollution abatement projects within City limits.   
 
Increasing the Stormwater Pollution Abatement Charge could be a very good source of revenue for future 
LID projects and maintenance costs.  The SPAC rate, originally set in 1993, is $23.00 per EDU 
(equivalent dwelling unit) and due to the constraints of Proposition 218 (which limits the ability of 
government to increase fees), it has been held at the same level for 15 years.  If the SPAC rate had 
increased with the national rate of inflation, then in 2008 it would have been $33.81,10 generating an 
additional $13.4 million11 for the City.  Thus the total SPAC revenue for the Watershed Protection 
Division in 2008 could have been $42 million instead of just $28.6 million, a 46% difference. 
 

Summary of LID Funding Strategies 
for Construction and 

Operations & Maintenance 

Strategy Const. O & M 

B
on

ds
 

Municipal bonds   

Fe
es

 &
 A

ss
es

sm
en

ts
 

LID in-lieu fees   

Increased stormwater abatement charge   

Individualized parcel drainage fees   

 “One Percent for Green Streets” fund 

Parking increment financing 

Maintenance assessments   

Quimby fees for parks   
G

ra
nt

s 

Dept. of Water & Power funding   

Proposition 84 grants   

Proposition O grants   

Private foundation grants   

P
ar
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s “Adopt-A-Garden” program   

Corporate sponsorship   

E
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M
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Sales of L.A. City carbon offsets   
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Using LID Rebates to Lower Residents’ Stormwater Bills: 
To create an economic incentive for retrofit of existing private properties, the City could develop an 
incentive structure that gives a rebate to businesses and residents who install low impact development 
features on their properties.  The system could be designed so that properties which infiltrate and/or 
capture all of their runoff would not have to pay any SPAC fee at all.  However, the fee imposed would 
likely have to be high enough to create an economic incentive. 
 
Individualized Parcel Drainage Fees 
Individualized stormwater drainage fees based 
on a property’s impervious surface area has 
been a common practice in Germany for a 
number of years, but is relatively new to the 
United States.12  Individual parcel assessments 
(IPAs) are especially appropriate for low 
impact development because (1) they provide 
an economic incentive for citizens to reduce 
the amount of impervious surface on their lots, 
(2) they affect the entire city (which supports 
the LID goal of decentralized stormwater 
management), and (3) the data collected from 
parcel assessments can provide the city with 
useful information for future watershed 
planning efforts.13  
 
In contrast to IPAs, the City of Los Angeles currently bases its stormwater pollution abatement fee on the 
number of dwelling units per lot—not on the size or amount of water-permeable surfaces found on the 
property.  Consequently, there is no incentive for businesses or residents to install low impact 
development BMPs.  The City could consider a rebate system that reduces or exempts fees for properties 
that capture or infiltrate 100% of their runoff. 
 
The main drawback to IPAs is that estimating the impervious surfaces for each parcel can be labor 
intensive and expensive, though new satellite technology and mapping systems have made the task 
somewhat easier.  To help with this problem, some German municipalities rely on customer 
questionnaires to establish a parcel’s stormwater burden and/or to verify the government’s estimates.14  
When there are small discrepancies, the customers’ estimates are generally accepted.  Larger 
discrepancies are resolved through site visits by the government agency.   
 
To reduce the cost of estimating the impervious surface areas of each property in Los Angeles, during the 
first year of an IPA program the City could require businesses (and maybe even home owners) to pay for 

 

A vegetated swale with curb cuts collects runoff at the 
RioHondo Golf Course in Downey, CA. 

Haan-Fawn Chau
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a professional site assessment, and then in the second year the public would start paying the drainage 
charges.  
Example:  Seattle’s Stormwater Drainage Fees 
The City of Seattle, WA charges all property owners 
an annual fee for stormwater management services 
based on each property’s estimated impact on the 
municipal drainage system.16  The revenues generated 
by this fee are used to build new stormwater 
management infrastructure and to fund ongoing 
operations and maintenance expenses.17  Small lots 
are charged a flat-rate fee, while the fees for larger 
lots are based on their estimated amount of 
impervious surfaces (as determined by the City from 
2007 aerial photos).18 19  Properties with functional, 
on-site stormwater detention basins can apply for 
credits to reduce their drainage bills.  The table on the 
previous page shows Seattle’s 2009 drainage fees.   
 
If Seattle’s drainage fees were applied to Los 
Angeles, a typical residential lot sized at 50 feet x 130 
feet (6,500 sq. ft. or about 1/7 of an acre) would be 
charged $202.17 per year.  Again, the City of Los 
Angeles could then offer a rebate program that would 
give rebates to businesses and residents who install 
low impact development features on their properties.  
The system could even be set up so that properties 
which infiltrate and/or capture all of their runoff 
would not have to pay any drainage fee at all.   
 
The City of Minneapolis, MN has a similar 
stormwater fee and credit program also based on a 
property’s amount of impervious surface.20   
 
“One Percent  for Green Streets” Fund 
The City of Portland, OR currently has a One Percent for Green fund that collects 1% of the construction 
budget for projects within the city’s right-of-way that are not subject to the requirements of Portland's 
Stormwater Management Manual.  The fund was established in 2007 when the Portland City Council 
passed its Green Streets Policy.  The One Percent for Green fund is used to finance the construction of 
green street features that follow LID guidelines.21  Private parties can apply for green streets grants to 
help fund the design, construction, and materials for LID projects.  If a similar program were 

Seattle’s 2009 Drainage Fee Rates  15 
 

Small Residential, Annual rate per parcel (a)  

 Under 3000 sq. ft. $102.90 

 3000-4999 sq. ft. $149.56 

 5000-6999 sq. ft. $202.17 

 7000-9999 sq. ft. $256.38 
 

All Other Properties, Annual rate per 1,000 sq. ft. 

Undeveloped  (0-15% Impervious)    

 Regular $16.85 

 Low Impact (b) $10.19 

Light  (16-35% Impervious)    

 Regular $25.20 

 Low Impact (b) $18.98 

Medium  (36-65% Impervious)    

 Regular $36.61 

 Low Impact (b) $29.70 

Heavy (66-85% Impervious) $47.34 

Very Heavy (86-100% Impervious) (c) $56.23 

(a)  Single Family Residential & Duplex parcels less than 10,000 
sq. ft. which are charged a flat rate per parcel rather than a fee 
based on the percent impervious. Rates for other properties are 
per 1,000 sq. ft.  based on the percent of impervious surface. 
(b)  A customer in the Undeveloped, Light or Medium rate 
category with a significant amount of highly pervious (absorbent) 
surface may qualify for the Low Impact rate.  
(c) "Very heavy" does not necessarily mean heavily developed. A 
parking lot would be classified as "very heavy" since it is 100% 
impervious. 
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implemented in Los Angeles, it could be designed to fund operations and maintenance costs as well as 
construction costs. 
 
Parking Increment Financing 
Parking increment financing has the potential to generate significant 
revenues that could be used to build new low impact development 
projects, and more importantly, fund ongoing operations and 
maintenance costs.22  “The High Cost of Free Parking” by UCLA 
Professor Donald Shoup cites Old Pasadena as an excellent local 
example.23  In 1993, the City of Pasadena installed parking meters in 
the rundown area of Old Pasadena in order to raise funds for 
revitalization.  The city reinvested the revenue from parking fees 
back into the neighborhood.  They made local street improvements 
and repairs, and the Business Improvement District relies on the 
funds to pay for cleaning and maintenance services.  In 2001, the 
parking meters in Old Pasadena generated $1.2 million in net 
revenue.24  Today, Old Pasadena is one of the most popular shopping 
districts in the Los Angeles region. 
 
Several factors may make parking increment financing a viable option for Los Angeles.  First, the City 
started replacing its old parking meters in 2007 with centrally-controlled, computerized pay stations.25 26  
This technological advance allows the City to easily adjust parking fees.  (Shoup’s research suggests that 
parking prices should be set high enough to create a 15% vacancy rate on each block so that customers 
can always find an open spot.27)   Second, to help tackle climate change, the City of Los Angeles is 
looking for ways to encourage people to get out of their cars and onto public transit.  Higher parking rates 
could help achieve this goal.  Finally, in the past couple years a number of American cities have 
considered implementing congestion pricing policies to reduce traffic.  This has introduced the idea that 
people should pay for the privilege of driving—a notion that could also apply to parking increment 
financing. 
 
In order to use parking increment financing to promote LID in Los Angeles, the City would need to 
ensure that an adequate amount of parking revenues is set aside for funding green streets projects and 
maintenance. 
 
 
 
Special Benefit Assessment Districts 
Special benefit assessment districts could be used to raise funds to acquire open space for low impact 
development programs or to create maintenance districts.  Benefit assessment districts typically assess 
property owners in a defined geographic area and provide benefits to those residents, such as roads, parks, 
and recreational facilities,28 but have also been used to fund sidewalk maintenance.  An important 

 
One of L.A.’s new parking pay stations 

Haan-Fawn Chau



 

66

principle is that property owners are assessed a fee that is proportional to the special benefits created by 
the improvements.  If the assessment price exceeds the value of the special benefit, then the charges are 
considered a tax.29    
 
The State of California has approximately twenty different statutes that authorize local agencies to levy 
assessments for specific purposes.  The statutes that would be most relevant to a low impact development 
program include:30   
 

1. Open Space Maintenance Act 
2. Habitat and Maintenance Assessment District 
3. Municipal Improvement Act of 1913 
4. Landscaping and Lighting Act of 1972 
5. Benefit Assessment Act of 1982—especially appropriate for LID because it is dedicated to 

assessments for the installation, operation and maintenance of drainage and flood control 
facilities. 

 
Proposition 218, which was passed in 1996, governs the procedures for establishing a special benefit 
district.  For instance, it requires that local property owners vote to approve assessments.  Proposition 218 
also rules that increased property values are not enough evidence to demonstrate special benefit; there 
must be other benefits, such as improved recreational opportunities or flood control.31  It can be a 
challenge for government agencies to evaluate exactly how much a property will benefit from a project, 
making it difficult to determine the appropriate assessment fee. 
 
Quimby Fees for Parks 
The 1975 Quimby Act authorizes cities and 
counties in the State of California to pass 
ordinances that require developers to set aside 
land, donate conservation easements, or pay 
fees for park improvements.  Revenues 
generated by the Quimby Act must go towards 
the creation of new parks and cannot be used 
for the general operations and maintenance of 
park facilities.32  In Los Angeles, the fees must 
be used within two miles of where they are 
gathered.33 
 
As of February 2008, the City’s Department of Recreation and Parks had a balance of $129 million in 
Quimby fees.34  This surplus funding could be an excellent opportunity for the City to implement low 
impact development on a neighborhood scale by creating new parks.  (Quimby fees cannot be used for 
ongoing maintenance operations.)  The City could require that all Quimby projects employ LID best 
management practices, and if possible, runoff from the local area should be directed into the parks 

 
Bimini Slough Ecological Park, created by North East Trees in 
East Hollywood, daylights an existing storm drain and provides 
on-site stormwater management.                    Credit: North East Trees 
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(instead of the storm drains).  Additionally, projects would have to be distributed throughout the city 
since Quimby fees must be used within two miles of their origination.  This requirement actually 
dovetails well with low impact development’s goal of decentralized stormwater management using 
natural drainage techniques. 
 
 

Grants 
 
Department of  Water & Power Funding 
The Los Angeles Department of Water & Power (LADWP) is concerned about securing Los Angeles’ 
water supply for the future.  Currently only 13% of our water comes from local sources, but widespread 
implementation of low impact development could increase that amount significantly.35  LADWP has 
begun funding LID pilot projects and is considering implementing programs that train landscape 
maintenance workers in LID techniques.   
 
Proposition 84 Grants 
Proposition 84, titled “Water Quality, Safety and Supply. Flood Control. Natural Resource Protection. 
Park Improvements,” was passed by California voters in November 2006. 36  It authorized $5,388,000,000 
in general obligation bonds to fund projects for “safe drinking water, water quality and supply, flood 
control, waterway and natural resource protection, water pollution and contamination control, state and 
local park improvements, and public access to natural resources, and water conservation efforts.” 37  The 
State Water Resources Control Board runs a Proposition 84 Stormwater Grant Program to provide local 
agencies with funds to reduce pollution flowing into waterways.38  This could be a promising source for 
funding future LID projects in Los Angeles. 
 
Proposition O Grants 
Los Angeles voters passed Proposition O in 
Novermber 2004.  It authorized the City of Los 
Angeles to issue up to $500 million in general 
obligation bonds for projects that clean up water 
pollution in order to meet Federal Clean Water Act 
requirements.39  It also funds improvements to protect 
water quality, provide flood protection, and increase 
water conservation, habitat protection, and open 
space—all of which are important aspects of low 
impact development.40 
 
Private Foundation Grants 
Private foundations may be interested in funding low impact development pilot projects, citizen education 
programs, vocational training for LID landscaping professionals and gardeners.  

 

Curb cuts leading to an infiltration zone at the Rio 
Hondo Golf Course in Downey, CA 
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Swale in the middle of Vancouver’s Crown 
Street pilot project.      Credit: Vancouver Dept. of Eng. 

 
 

Public­Private Partnerships 
 
Adopt­a­Garden 
The Crown Street pilot project in Vancouver, British 
Columbia, is a good example of how city residents can help 
maintain LID landscaping and best management practices.41  
In order to protect local salmon habitat, Vancouver’s Green 
Streets program rebuilt Crown Street to include vegetated 
swales and rain gardens.42  Since the city does not have 
enough funding to maintain the project, they rely on the local 
community to take care of the landscape features.  Residents 
must apply to adopt a garden.43  If accepted, the city gives 
them a manual on how to keep the vegetation healthy.  As an 
incentive, Vancouver also provides some gardening materials 
and pays for some of the residents’ gardening costs.   
 
The Adopt-a-Garden concept is a viable, low-cost idea for the City of Los Angeles that does not involve 
many political hurdles for implementation.  A team of student researchers from Pepperdine University44 
has recommended that Los Angeles hold annual garden competitions to motivate the citizen gardeners 
and to raise awareness about the Adopt-a-Garden program.  Partnerships with organizations such as the 
Los Angeles chapter of California Garden Clubs Inc., the L.A. County Arboretum, North East Trees, 
TreePeople, and landscape design schools could help with the design, promotion and implementation of 
this program. 
 
Corporate Sponsorship 
Corporate sponsorship for the installation and/or maintenance of low impact development BMPs could 
help reduce some of the City's expenditures on green infrastructure and foster the involvement of 
businesses in the community.  Sponsorships can come in various forms, such as cash donations, product 
donations, pro bono services, and employee volunteers.  In exchange, the city could provide some 
incentives for the businesses such as public recognition or signage that identifies the LID BMPs paid for 
or maintained by corporations. 
 
 



 

69

Emerging Markets 
 
Sales of L.A. City Carbon Offsets 
Recently, a number of companies have made efforts to become “carbon neutral” by purchasing carbon 
offsets to counterbalance their impacts on the environment.  This could be an appropriate option for 
businesses (such as corporate offices) that traditionally have been seen as non-polluting, but may actually 
cause local air pollution due to employee travel and the energy used by office buildings.  Moreover, 
ordinary residents who are eager to reduce their carbon footprints can also purchase carbon offsets.  
Municipal carbon offset programs are relatively new.  In the United States, the San Francisco Carbon 
Fund45 is currently under development and the Colorado Carbon Fund46 is up and running. 
 
Establishing a “Los Angeles Carbon Fund” would ensure that carbon offset money goes towards local 
climate change mitigation projects, instead of projects in far-off locations across the globe.  Carbon offset 
money could be used to fund the construction and maintenance of LID projects in Los Angeles such as 
bioswales and tree plantings.  The City of Los Angeles may wish to consider starting with a voluntary 
carbon offset pilot program, and then making it mandatory in future years.  Implementing a simple carbon 
offset program could be a very cost-effective way to raise funds.  Users could make their payments online 
by credit card. 
 
The greatest hurdles to implementing a carbon offset program are: (1) figuring out how much carbon 
emissions a person or business generates, (2) calculating the quantity of emissions “saved” by an offset 
project, and (3) for how much a unit of carbon should be sold.  However, to implement a voluntary pilot 
program, the calculations need not be complicated—rough estimates should be adequate, and Los 
Angeles may be able to look to Colorado’s program as a model.   
 
The Colorado Carbon Fund’s website (www.coloradocarbonfund.org) has a simple carbon footprint 
calculator that lets users figure out how many metric tons of CO2 are emitted by their homes, automobiles 
and airplane flights each year.  The Fund charges approximately $20.00 per year or $1.67 per month for 
one metric ton of CO2.47  Before the website calculates offset fees, users are directed to a web page that 
contains advice on how to reduce their energy consumption and environmental impact.48  This important 
educational feature may help reduce the carbon footprints of Colorado residents in the future. 
 
 
 
For More Information: 
For more information and case studies about funding green infrastructure, please refer to the 2008 EPA 
publication titled, “Managing Wet Weather with Green Infrastructure: Municipal Handbook - Funding 
Options.”  It can be accessed at http://www.epa.gov/npdes/pubs/gi_munichandbook_funding.pdf. 
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 [7]  Existing Stormwater Regulations &  

Green Infrastructure Programs  

in Los Angeles 
 
 
A comprehensive low impact development (LID) ordinance would 
help protect the integrity of Los Angeles’ natural waterways and 
ensure a more stable water supply for the future; fortunately, a 
number of existing regulations and programs could serve as 
building blocks for the city’s future LID efforts.  Existing 
stormwater regulations and green infrastructure programs that 
apply to the City of Los Angeles originate from the federal, state, 
county and city levels of government. 
 
 

Federal and State Regulations & Programs 
 
National Pollution Discharge Elimination System (NPDES) 
The federal Clean Water Act requires the U.S. Environmental 
Protection Agency (EPA) to regulate the amount of pollution that 
flows into the waters of the United States.  The EPA established 
the National Pollution Discharge Elimination System (NPDES) 
permitting program to address this issue.1  There are two types of 
permits that are most pertinent to LID efforts in Los Angeles: (1) 
the Municipal Stormwater Permit, and (2) the General 
Construction Activities Stormwater Permit.   
 
Within California, the EPA authorizes the state government to run 
the NPDES permitting program.  Therefore, our local L.A. County 
NPDES stormwater permit is essentially overseen by both the 
state and federal governments.   
 
Municipal Stormwater Permit—In cities like Los Angeles that 
have a “municipal separate storm sewer system” (known as 
MS4s), the storm drains flow straight into rivers and oceans, with 
no treatment facilities along the way.2 3  The NPDES permits that 

  

Existing Regulations & 
Programs 

 
Federal & State Level 
 

• National Pollution Discharge 
Elimination System (NPDES) 

• California Porter-Cologne 
Water Quality Control Act 

• California Model Landscape 
Ordinance* 

 
County Level 
 

• L.A. County Stormwater 
Permit and SUSMP 

• Low Impact Development 
Ordinance & Green Building 
Program 

 
City Level 
 

• City of L.A. Stormwater 
Program 

• Green Streets LA Program 
• Million Trees LA Initiative 
• Green Building Ordinance 
• Landscape Ordinance 
• Stream Protection Ordinance* 
• Zoning Ordinances 
• General Plan, Community 

Plans & Specific Plans 
• L.A. River Revitalization 

Master Plan 
• L.A. River Improvement 

Overlay District* 
• Integrated Resources Plan 
• Water Quality Compliance 

Master Plan 
 
 
* Regulation that is proposed or in the 
development stage.  Has not been fully 
adopted or implemented. 
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are issued to MS4 municipalities require the use of best management practices (BMPs) to reduce 
pollutants to the “maximum extent practicable.”4  (A description of the related L.A. County SUSMP 
stormwater standards can be found on the next page.)  The NPDES permits must be renewed every five 
years, which creates some instability for stormwater protection in Los Angeles because future permits 
could have less stringent environmental controls.   
 
General Construction Activities Stormwater Permit—  
The State Water Resources Control Board (SWRCB) 
adopted its last statewide NPDES General Stormwater 
Permit for Construction Activities in 1999, and is well 
overdue for its five-year renewal.5  The permit’s section 
on “Post-Construction Storm Water Management”6 
contains language to reduce runoff from sites of one acre 
or more.  It states that properties should have best 
management practices (BMPs) that “minimize impervious 
surfaces” and treat “storm water runoff using infiltration, 
detention/retention, biofilter BMPs, and efficient irrigation 
systems.”7  
 
While these requirements speak to fundamental low impact development (LID) principles, there are some 
limitations to the state’s post-construction stormwater permit:8 

1. The permit applies only to large sites of one acre or more, which is problematic because the City 
of Los Angeles has many smaller lots.9  (Construction projects on smaller lots fall under the 
municipal MS4 stormwater permit.) 

2. The permit only regulates newly-built construction or redevelopment projects.  It does not 
address older properties that could benefit from a retrofit program. 

 
Porter­Cologne Water Quality Control Act, 1969 
The Porter-Cologne Water Quality Control Act (also known as the California Water Code) was enacted 
by California in 1969 to protect the state's surface and groundwater quality and resources.  Under this act, 
the State and Regional Water Quality Control Boards can establish water policies, administer federally-
mandated MTBE permits, enforce water quality standards, and regulate point-source and non-point source 
discharges.10  Nine Regional Boards develop regional water quality control plans based on the State 
Board's policies.11 
 
Porter-Cologne makes a very important point related to low impact development (LID) and stormwater 
management: waste discharges to state waters are a privilege, not a right.12  To further protect ocean and 
surface water quality, the State Board has adopted statewide water quality control plans such as the 
California Ocean Plan and a Plan for California's Non-Point Source Pollution Control Program.13  
 
 

 
Playa del Rey beach in Los Angeles after a storm. 

Credit: Heal the Bay / HF Chau 
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State of California Model Landscape Ordinance   (adoption pending) 
California’s Department of Water Resources (DWR) is currently working on an update of the state’s 
“Model Water Efficient Landscape Ordinance.”  DWR planed to adopt the revised ordinance in March 
2009,14 and local municipalities will be expected to adopt it by 2010.  Local governments will have the 
option to adopt their own landscape ordinance as long as it is “at least as effective as” the state’s model.15 
 
The updated model landscape ordinance will cover new construction and rehabilitated landscapes (both 
public and private) of at least 2,500 square feet.  The ordinance also requires existing landscapes of at 
least 43,560 sq. ft. to conduct landscape irrigation audits every five years.16  Compared to the current 
landscape ordinance, the updated version places a greater emphasis on efficient irrigation systems and 
reducing water waste.17   
 
The model landscape ordinance does require 
landowners to implement a number of LID strategies 
such as grading sites to reduce erosion and runoff, 
installing efficient irrigation systems, and installing 
recycled water irrigation systems.  However, other 
important LID strategies are highly recommended but 
not required.  They include the use of native and 
drought-tolerant plants and the installation of 
stormwater BMPs.18 
 
 

Los Angeles County Regulations & Programs 
 
L.A. County Stormwater Permit and SUSMP 
As mentioned earlier in this chapter, the L.A. County Municipal Stormwater Permit addresses federal 
NPDES requirements and is administered by the State of California.  The permit standards are written by 
the Los Angeles Regional Water Quality Control Board and must be reissued every five years.19   
 
An important part of the County’s NPDES permit, which applies to the City of Los Angeles, is the 
Standard Urban Stormwater Mitigation Plan (SUSMP) infiltration requirements.  In general, SUSMP 
applies to new and redevelopments of a certain minimum size.20  The best management practices installed 
on-site must be able to infiltrate, capture and reuse, or treat all of the runoff from an 85th percentile storm, 
which equivalent to a ¾” storm.  New guidelines approved on July 9, 2008 require developers to give top 
priority to BMPs that infiltrate stormwater and lowest priority to mechanical/hydrodynamic units.21   
 
Although many of Los Angeles’ existing low impact development BMPs were installed thanks to SUSMP 
requirements, there are some drawbacks to relying solely on SUSMP to fulfill the city’s low impact 
development needs.  First, SUSMP was designed to reduce the amount of pollution entering our 

  

Drought-tolerant landscaping in West L.A. 

Haan-Fawn Chau



 

76

waterways and is therefore especially focused on reducing the environmental damage caused by the first 
flush of a storm.  The fact that SUSMP BMPs sometimes address groundwater recharge and can increase 
local water supply is incidental.  Since SUSMP standards do not require native and/or drought-tolerant 
plants in landscape BMPs, this could actually have the unintended consequence of exacerbating L.A.’s 
water conservation issues, as developers could install water-thirsty plants requiring large amounts of 
irrigation during the dry season.   
 
Also, SUSMP only applies to new and major redevelopments, leaving out a large amount of existing 
development in Los Angeles.  Third, the L.A. County Stormwater Permit must be reissued every five 
years, and there is no guarantee that new stormwater permits will have the same requirements as previous 
ones.  Finally, the legality of the stormwater permit (and accompanying SUSMP requirements) is 
currently being challenged.  In the case of Cities of Arcadia, et al. v. State Water Resources Control 
Board, et al. (Superior Court of Orange County, 2007, No. 06CCO2974) the court concluded that the L.A. 
Regional Water Quality Control Board “failed to consider whether the standards could be met and the 
economic effect they would have.”22 23  The county’s stormwater permit program has been put on hold 
until the issue is resolved.   
 
Low Impact Development Ordinance & Green Building Program 
In October 2008, the County of Los Angeles passed a comprehensive Green Building Program supported 
by a trio of ordinances: the 1) Green Building Ordinance, 2) Drought-Tolerant Landscaping Ordinance, 
and 3) Low Impact Development Ordinance.24  These ordinances are augmented by the “Low Impact 
Development Standards Manual”25, “Green Building and Sustainability Guidelines”26 and a “Drought-
Tolerant Plant List.”27  Together, the three ordinances will discourage the use of impervious surfaces and 
excess turf landscaping, while requiring green building methods, smart irrigation, the use of stormwater 
BMPs, and drought-tolerant landscaping.28 29 30 31  
 
The Green Building Program’s ordinances will only apply to the unincorporated portions of Los Angeles 
County.  They will also affect the County of Los Angeles’ capital construction projects (such as libraries 
and administration buildings) regardless of the city in which they are located.32  Even though the 
County’s ordinances do not apply to the City of Los Angeles, the City will still benefit from the LID 
improvements made to neighboring portions of the watershed.  Notably, the County’s LID Ordinance 
is that it only applies to new developments and major redevelopments, not existing properties.  A more 
detailed description of the County’s Green Building Program can be found in Chapter 5, and a copy of the 
LID ordinance can be found in Appendix II.    
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City of Los Angeles Regulations & Programs 
 
City of Los Angeles Stormwater Program 
The City of Los Angeles’ Stormwater Program is run by the Department of Public Works.  It has two 
major divisions—Pollution Abatement and Flood Control.  The program focuses on reducing stormwater 
pollution through the National Pollutant Discharge Elimination System (NPDES) municipal stormwater 
permit.33  The Stormwater Program is the city’s major source of public information regarding stormwater 
best management practices, which include many LID strategies. 
 
Green Streets LA Program 
Contaminated stormwater runoff is the largest source of ocean pollution in Southern California,34 and the 
city’s street infrastructure plays a major role in flushing these pollutants out to sea.  The city has 
approximately 6,500 miles of streets with 10,000 miles of sidewalk and 34,000 catch basins.35  The 
Green Streets LA program was initiated by the Board of Public Works with the idea that the streets of 
Los Angeles offer an enormous opportunity to infiltrate, capture and filter urban runoff to prevent 
pollution, and to convert stormwater into a valuable source of groundwater and recycled water.36  
 
The Green Streets Committee is comprised of representatives from a number of city departments that 
work on issues related to street infrastructure.  Monthly meetings are designed to help facilitate 
communication and coordination between these entities.  Recently, Green Streets has focused on 
integrating LID practices into City infrastructure programs and construction standards.  A preliminary set 
of Green Streets design guidelines were developed in 2008, and a pilot project on Riverdale Avenue is in 
development. 
 
The Green Alleys Committee (a subcommittee of Green Streets) is working on identifying alleys in Los 
Angeles that could become pilot projects for a green retrofit.  There is a total of 914 linear miles of alleys 
within the City of Los Angeles.37  The committee is also investigating funding opportunities.  The main 
representatives on the Green Alleys Committee come from the Board of Public Works, the Community 
Redevelopment Agency and the USC Sustainable Cities Program. 
  
Million Trees LA initiative 
The Million Trees L.A. (MTLA) Initiative was created by 
Mayor Villaraigosa with the goal of making Los Angeles 
the largest, cleanest, and greenest city in the United 
States.38  Through public-private partnerships, one million 
trees will be planted throughout Los Angeles.   
 
MTLA can help low impact development by providing 
more landscaping, stormwater capture and infiltration 
opportunities in the city.  The water benefits of planting 

 

Canopy of a native sycamore tree.    Credit: Haan-Fawn Chau 
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trees far outweigh the water lost to irrigation.39  Additionally, planting large canopy trees reduces the 
urban heat island effect. 
 
City Green Building Ordinance 
Signed by the mayor on Earth Day 2008, the City of Los Angeles’ Green Building Ordinance requires 
large, new developments to meet the intent of the U.S. Green Building Council’s LEED green building 
standards.  (Actual LEED certification is optional.)  
Additionally, large redevelopments that spend more than 
50% of the replacement cost of the existing building must 
also meet LEED standards.40   
 
LEED green building standards include a number of LID 
strategies in the categories of “Sustainable Sites” and 
“Water Efficiency,” but it is possible for a developer to 
construct a LEED certified building while avoiding any 
significant water management or conservation measures.41  
LEED does not address exterior landscaping issues nearly 
as well as it addresses the composition of an actual 
building.  Additionally, only LEED-ND (Neighborhood 
Design) standards address street infrastructure, and it 
involves a completely separate process from the LEED 
certification of an individual building. 
 
City Landscape Ordinance 
The L.A. City Landscape Ordinance, originally written in 1996, was revised in April 2005 to make it a 
“more effective tool for reducing landscape water use, to mitigate the urban heat island effect, to reduce 
the dependence on fossil fuels to heat and cool buildings, to address surface erosion, and to improve 
groundwater recharge.”42  As noted earlier in this chapter, in 2010 the City of Los Angeles will be 
required to either adopt The State of California's “Model Water Efficient Landscape Ordinance” 
(described earlier in this chapter) or update its current ordinance to meet or exceed the State’s standards.  
 
At the heart of the current Landscape Ordinance, there are two points-based systems: a landscape points 
system and a water management points system.43  Every new development project must attain a certain 
number of points for each system based on the size of the site.  The landscape points system contains a 
number of measures that overlap with low impact development, such as the installation of drought-
tolerant trees and plants, permeable pavement and reduced grading (cut and fill).  The water management 
points system also includes drought tolerant plants, as well as rainfall recharge areas and the use of 
reclaimed water for irrigation. 
 
Despite these features, the current Landscape Ordinance cannot fulfill low impact development principles 
on its own.  First, the ordinance applies only to new construction projects and major renovations that 

 

Bioswales and tree wells along 1100 S. Hope 
Street in downtown Los Angeles 
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require building, grading, or land-use permits.  It does not encompass the vast quantity of existing 
buildings in Los Angeles.  Second, the ordinance mentions a number of LID techniques but does not 
actually require projects to use them.  The current flexibility of the points-based system makes it possible 
for developers to fulfill their landscape points using measures such as recycling vegetative waste, 
widening sidewalks at bus shelters, putting utility lines underground, installing ecological art, and 
providing handicapped accessibility—all of which are beneficial to the community but do not help with 
low impact development efforts.  Finally, the landscape ordinance does not have measures that 
specifically focus on slowing down the velocity of stormwater. 
 
City Stream Protection Ordinance   (proposed) 
In October 2007, the Stream Protection Task Force completed a draft for a proposed Stream Protection 
Ordinance.  Its goals are to: “(1) protect a valuable natural resource; (2) protect and maintain the existing 
ephemeral, perennial, intermittent or seasonal streams located within the City of Los Angeles; (3) protect 
and maintain native vegetation in riparian and wetland areas.”44  The main provision of this proposed 
ordinance is a 100-foot setback from the stream’s edge with two zones: a 30-foot protected zone of no 
new development and a 70-foot buffer zone that allows limited development. 
 
If enacted, the Stream Protection Ordinance would support low impact development by ensuring enough 
open space to allow for infiltration and groundwater recharge.  By limiting development next to streams, 
the possibility of new pollution entering the watershed is also reduced. 
 
It is important to note that the proposed ordinance also defines what a stream is.  This is essential in 
L.A.’s dry climate since many streams do not run year-round.  The June 2008 decision made by the U.S. 
Army Corps of Engineers to reduce the status of the Los Angeles River to “non-navigable” in most 
locations underscores this point.  “Non-navigable” rivers are not protected by the Clean Water Act, the 
NPDES permit system, or L.A. County SUSMP standards.  Therefore, local ordinances would be a more 
certain way to protect Los Angeles’ waterways in a changeable political climate.  
 
City Zoning Ordinances 
The City's zoning ordinances are a major force in 
shaping the density of and types of land uses 
found in Los Angeles.  Zoning regulations can be 
used to support low impact development efforts by 
promoting an even distribution of open space, 
parks and agricultural land throughout the city.  
Additionally, zoning can be used to encourage 
compact and infill development in central city 
areas, preventing the growth of new developments 
on open lands. 
 
 

 

1150 South Olive Street in downtown Los Angeles 
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General Plan, Community Plans & Specific Plans 
The General Plan, created by the Department of City Planning, is the major policy document that 
informs planning and development decisions in the City of Los Angeles.  All zoning ordinances must 
match the policies put forth in the General Plan.  The General Plan is divided into a number of “elements” 
to address specific issues.  The elements most relevant to low impact development include the Land Use 
Element, Conservation Element (last updated in 2001)45, Open Space Element (updated 1973)46 and 
Transportation Element (updated 1999).47 48 Unfortunately many of these elements are outdated and their 
policies do not adequately address current environmental concerns. Although efforts are underway to 
update the plans, completion of each element update takes a few years. 
 
The Land Use Element is the largest element in the General Plan.  It is actually comprised of thirty-five 
different Community Plans which address the particular needs and character of each area.  On an even 
smaller scale, there are some neighborhoods that have their own Specific Plans which are tailored to very 
local conditions.  Specific Plans are only created by the planning department on an as-needed-basis, 
usually when an area undergoing rapid changes could benefit from having more guidance than what is 
offered by the Community Plan.49   
 
The General Plan (and its elements), Community Plans, and Specific Plans all offer opportunities to 
institutionalize water management and environmental protection by incorporating LID strategies into 
planning policies.  As Community Plans are rewritten and new Specific Plans are developed, LID could 
become a standard component. 
 
L.A. River Rivitalization Master Plan 
The Los Angeles River Revitalization Master Plan (LARRMP) was completed in 2007.50  Its 
recommendations provide “a framework for restoring the River’s ecological function and for transforming 
it into a valuable, celebrated resource for residents and visitors to the City.”51   In the chapter titled 
“Revitalize the River,” most of the goals and recommendations directly support low impact development.  
Some of these items include: 
 

• Identify opportunities for peak flood 
storage outside the river channel. 

• Emphasize “green infrastructure” 
improvements. 

• Create landscape-based water quality 
treatment. 

• Create “green strips” to treat stormwater 
runoff from streets. 

• Create a continuous riparian corridor. 
 

 

The Los Angeles River near Steelhead Park 
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The LARRMP is a policy document that presents a long-range vision and conceptual plan that identifies 
important revitalization strategies.   
 
 L.A. River Improvement Overlay District   (proposed) 
The proposed Los Angeles River Improvement Overlay District (LA RIO) was created to implement 
recommendations made in the LARRMP.52  If enacted by ordinance, the LA RIO would be “a special use 
district that requires new projects to achieve points in three design categories: Watershed, Urban Design, 
and Mobility.”  The district would reach about ½ mile on either side of the L.A. River and would include 
all neighborhoods directly adjacent to the river.  All new developments and significant redevelopments 
would have to meet LA RIO design guidelines.   
 
Enacting the LA RIO would support low impact development by requiring developers to incorporate 
green infrastructure into their projects.  Examples inlcude bioswales, bioretention ponds, green roofs, high 
efficiency irrigation systems, porous pavement and native plants. 
 
Integrated Resources Plan 
The City of Los Angeles’ Integrated Resources Plan (IRP) is a multidisciplinary, cross-departmental 
effort to integrate the planning of three interdependent water systems: wastewater, recycled water and 
stormwater.53  The IRP has worked collaboratively with community stakeholders to address the many 
water supply, pollution, and management challenges that face the Los Angeles area.  Some of the 
strategies include optimizing the use of existing water infrastructure, increasing water conservation and 
reuse, and improving the management of dry and wet weather runoff using strategies such as better 
stormwater treatment infrastructure and low impact development-type projects.       
 
Water Quality Compliance Master Plan 
In 2007, the City of Los Angeles’ Energy and the Environment/AdHoc River Committee filed a Motion 
directing the Bureau of Sanitation to create a Water Quality Compliance Master Plan (WQCMP) that 
outlines a strategy for the City to achieve Clean Water Act standards as well as compliance with all urban 
runoff regulations and mandates.54  Some of the principles followed by the WQCMP that support low 
impact development include:55 
 

• Identify all pollutants of concern in the City by type and location, including watershed or water 
body;  

• Prioritize polluted areas within the City and create a compliance timetable;  
• Identify strategies — such as on-site retention/infltration, structural best management practices, 

regional multi-use benefit projects (including the identification of potential sites for such 
projects), and non-structural educational and regulatory measures (including ordinance changes to 
encourage on-site infiltration) for the City to meet Clean Water Act standards by pollutant and by 
water body or watershed;  
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• Identify water quality data gaps including those that need to be filled in order to determine if the 
City is in full compliance with water quality requirements in the Los Angeles County stormwater 
permit and applicable TMDLs; and  

• The proposed Master Plan will integrate existing efforts already underway such as the Integrated 
Resources Plan, Integrated Regional Water Management Plan, the Draft Los Angeles River 
Revitalization Master Plan, and other relevant watershed management plans, and will be 
developed in partnership with stakeholders from the public, environmental groups, and regulators 
including the Los Angeles Regional Water Quality Control Board and local municipalities. 

• Include public workshops to seek input from not only from the above stakeholders, but also from 
the general public. 
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[8]  Strategies to Codify Low Impact 

Development  and Green Infrastructure 
 
 
The Benefits of an Ordinance 
 
As described in Chapter 4, low impact development strategies 
could help the City of Los Angeles tackle a range of urban issues, 
from stormwater runoff to climate change to green jobs.  To reap 
these benefits, the City’s best approach may be to enact a low 
impact development (LID) ordinance.  Chapter 7 details a number 
of stormwater and green infrastructure regulations, policies and 
programs that already exist at the federal, state, county and city 
levels.  While these items touch on some low impact development 
principles, the City still lacks a comprehensive, enforceable law 
that can be used to make LID a common practice in Los Angeles. 
 
The two greatest advantages to enacting a LID ordinance—as 
opposed to relying only on LID policies---are (1) enforcement, 
and (2) long-term reliability.  While enacting LID policies (in 
the General Plan, for instance) may be an important step toward 
widespread LID implementation, a complementary city ordinance 
can ensure that LID practices are enforceable by the rule of law 
and more broadly applicable.  Additionally, unlike the L.A. 
County Municipal NPDES Stormwater Permit which needs to be 
reissued every five years, city ordinances are a permanent part of 
the municipal code and can only be reversed with legislative 
action by the city council. 
 
Recent Challenges to Watershed Protection 
Even with federal, state and county water protection regulations, 
there can be court-ordered changes, and sometimes even reversals.  
Two recent examples illustrate just how precarious the legal status 
of watershed protection and stormwater management can be in 
Los Angeles.   
 
First, on June 4, 2008 the Army Corps of Engineers determined 
that only two small sections of the Los Angeles River—totaling 

 

Benefits of a LID 
Ordinance 

 
Two greatest advantages to 
enacting ordinances, as opposed 
to relying exclusively on policies:  
 

1. enforcement 
2. long-term reliability 

 
Right now, standards from the 
L.A. County Stormwater Permit’s 
Standard Urban Stormwater 
Mitigation Plan (SUSMP) are the 
closest that Los Angeles has to a 
LID ordinance.  However, 
SUSMP standards are subject to 
revision and do not yet 
comprehensively require all the 
elements of a low impact 
development strategy. 
 
 

Alternatives to a City 
LID Ordinance 

 
1. Meet SUSMP requirements 

using LID standards 
 

2. Revise Landscape Ordinance 
to include LID standards 

 

3. Revise Green Building 
Ordinance to include LID 
standards 

 

4. Rely on LID planning policies 
instead of ordinances 

 

5. Combined ordinance and 
incentive structure  

 

6. Enacting LID ordinance after 
voluntary pilot phase 
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A driveway that allows for infiltration (Los Angeles) 
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8% of its length—qualified as “traditional navigable 
waters” of the United States.1 2  This could have an 
impact on water quality because only navigable waters 
of the United States are protected under the federal 
Clean Water Act.   
 
A second example of a challenge to watershed pro-
tection occurred one month later on July 2, 2008.  In the 
case of Cities of Arcadia, et al. v. State Water Resources 
Control Board, et al., the Orange County Superior Court 
concluded that the Los Angeles Regional Water Quality 
Control Board had not properly “analyzed the 
reasonableness of its stormwater quality control standards,” especially with regards to their economic 
impacts.3  This ruling directly challenges the validity of NPDES stormwater pollution controls under the 
Clean Water Act and the accompanying SUSMP standards in Los Angeles and Ventura counties.4   
 
If the City of Los Angeles were to codify water protection standards at the local level, it would provide 
some leadership and assurance against unpredictable shifts in federal, state and county regulations. 
 
 

Alternatives to a Stand­Alone LID Ordinance 
 
A comprehensive low impact development ordinance would be the most effective way to implement LID 
strategies on a wide scale.  However, enacting major new ordinances can take a lot of time and political 
will.  There are a few alternative ways that LID could be implemented on a smaller scale.  Also, the 
following ideas could be used as short-term LID solutions while the City works on developing a full-scale 
LID ordinance or program. 
 
Alternative #1:   

Meet SUSMP Requirements Using LID Standards 
The City could require all projects that fall under the L.A. County Stormwater Permit’s SUSMP rules to 
also meet strict LID standards defined by the City.   
 
Drawbacks:  (a) SUSMP only applies to major new developments and redevelopments, not existing 
buildings and infrastructure.  (b) The stormwater permit must be renewed every five years, and there is no 
certainty as to the level of protection in future versions. 
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Alternative #2 

Revise Landscape Ordinance to Include LID Standards 
The City’s Landscape Ordinance could be revised to include more low impact development strategies.  As 
mentioned in Chapter 7, the State has created a Model Water Efficient Landscape Ordinance with a few 
LID elements which will apply only to new and major redevelopments.5  The City will be required to 
match or exceed the State’s landscape ordinance by 2010.   
 
Additionally, a points-based system similar to the U.S. Green Building Council’s LEED standards could 
be initiated for landscapes in the city.  The Sustainable Sites Initiative, 6 organized by landscape 
architects, is currently developing a system to certify environmentally-friendly landscapes and site design.  
 
Drawbacks:  (a) Many effective LID techniques fall 
outside the purview of a landscape ordinance (i.e. 
green roofs, porous pavement, water storage 
cisterns, curb cuts leading to swales).  (b) A 
landscape ordinance would miss large areas of the 
city because it would not apply to infrastructure such 
as streets, sidewalks, alleys and parks.  (c) The 
proposed State standards do little to address existing 
landscapes.  (d) The proposed State standards 
recommend but do not require the use of native and 
drought tolerant plants. 
 
Alternative #3 

 Revise Green Building Ordinance to Include LID Strategies 
Currently, it is possible for developers to comply with the City’s Green Building Ordinance without 
implementing stormwater BMPs and water efficiency measures.  The ordinance could be revised to 
require buildings to achieve specific points related to low impact development in the “Sustainable Sites” 
and “Water Efficiency” categories of LEED green building standards.   
 
Drawbacks:  (a) Stormwater management is an optional, but not required, part of LEED certification and 
only counts for one out of 26 points necessary for certification.7  (b) Water efficiency points are also 
optional, and only two points relate to LID strategies.8  (c) The Green Building Ordinance does not apply 
to existing buildings and only covers major redevelopments.  (d) The Green Building Ordinance does not 
apply to infrastructure such as streets, sidewalks, alleys and parks. 
 
Alternative #4 

Rely on LID Planning Policies Instead of Ordinances 
Adopting policies can sometimes be more politically feasible for the City than adopting ordinances.  City-
wide goals and policies for low impact development could be added to the General Plan, possibly in the 
conservation element.  Then, as the city’s 35 community plans are updated one by one, LID strategies can 

 
Demonstrating water infiltration through pervious concrete 
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be tailored to each area’s potential to manifest LID principles.  (i.e. Some areas have very permeable soils 
and therefore can infiltrate more water than others.  Conversely, some locations may be too densely 
developed to rely heavily on infiltration.)   
 
Even if the City decides to move forward with developing a LID ordinance, LID policies could be 
adopted first.  These policies will then provide the foundation and information to support the 
passage of a LID ordinance.   
 
Drawbacks:  (a) It takes a long time to update all 35 community plans, so LID implementation would 
happen very slowly.  (b) Policies are not enforceable in the same way as ordinances.  (c) Policies can be 
changed without exhaustive public review, making a LID policy potentially more vulnerable than an 
ordinance.  (d) Policies are more subject to alteration with a change in executive leadership. 
 
Alternative #5 

Combined Ordinance and Incentive Program 
The City could establish a low impact development program that relies on a combination of a LID 
ordinance and a LID incentive structure.  First, the ordinance would require that new developments and 
redevelopments use LID techniques.  Then, to promote LID for existing developments, the City would 
create a rebate program to provide some reimbursement for people who choose to install low impact 
development BMPs on their properties.   
 
This combined strategy (ordinance + incentive 
program) could use individualized parcel stormwater 
assessments, a concept which is described in greater 
detail in Chapter 6.  Assessments would be based on 
the amount of impervious surface found on a property, 
and rebates could be offered for people who install LID 
BMPs to increase on-site permeability.  To make this 
work, the assessment fees would have to be high 
enough to motivate people to install LID projects that 
qualify for a rebate.  
 
Alternative #6 

Enacting LID Ordinance After Voluntary Pilot Phase 
Because the widespread use of low impact development strategies is a relatively new idea for Los 
Angeles, the City may want to begin with a voluntary, one-year LID program that serves as an instructive 
pilot phase.  To ensure enough participation during this test period, the City could offer incentives such as 
rebates for the installation of LID best management practices.  At the end of the year, the City would 
revise and codify the LID ordinance, making it mandatory for property owners to follow.  However, there 
is a drawback to relying on a voluntary program to implement low impact development: it would take a 
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long time for the widespread use of LID to occur, and due recent droughts throughout the state, the City 
of Los Angeles has an imminent need to conserve water now. 
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[9]  Defining the Scope of a LID Strategy 

for Los Angeles 
 
 
This chapter sets forth possibilities for the scope of a low impact 
development (LID) strategy for the City of Los Angeles.  Since the 
city could greatly benefit from implementing LID on a wide scale 
(see Chapter 4), the sections below assume that it would take a 
comprehensive, thorough approach to LID. 
 
 

To Whom Would LID Apply?  
 
Currently, most LID-type requirements in Los Angeles apply only 
to new developments or major redevelopments; they do not address 
the enormous mass of existing development in the city.  
Additionally, regulations tend to focus on individual sites and 
parcels of land, not the connecting infrastructure of roads, 
sidewalks, parks and alleys.  Therefore, a comprehensive LID 
program would encompass all of the following: 
 

• Government & public infrastructure:  The City government controls large portions of land, 
buildings, streets, parks and infrastructure throughout Los Angeles.  The Green Solutions Project 
report written by Community Conservancy International found that close to 40% of L.A. 
County’s urban runoff needs could be met by implementing LID on publicly-owned lands.1  
Additionally, more than half of Los Angeles is covered by impermeable surfaces.2  Thus, 
integrating public green spaces into the water management network and changing the City’s street 
paving and construction practices could have very positive effects.   

• Private residences:  Private homes and apartment buildings cover a sizeable proportion Los 
Angeles, and they often have lawns and gardens which are prime candidates for LID infiltration 
projects.  Additionally, lawns are a major source of pollution because nutrients and fertilizers 
flow into the storm drain system.  Infiltration would reduce these impacts. 

• Commercial/retail:  Commercial and retail developments often have very large, paved surfaces 
(such as parking lots) that produce contaminated runoff.  They provide an opportunity to infiltrate 
using permeable pavement and bioswales. 

• Industrial:  Even though many industrial buildings are already subject to pollution controls, 
implementing LID practices in areas that do not have serious contamination issues would also 

 

1150 S. Olive Street, Los Angeles 

Haan-Fawn Chau
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help to recharge groundwater supply.  Like commercial properties, industrial lots often have 
large, paved surfaces that could be converted to infiltration zones. 

 
 

Encompassing New and Existing Development 
 
Applying LID requirements to all sectors and to both new and existing developments of all sizes would 
move beyond the limited scope of L.A. County’s current SUSMP stormwater management standards and 
the City’s Green Building Ordinance.  Again, this is important because low impact development 
practices are most effective when distributed throughout the watershed.  As highlighted in Chapter 4, 
widespread implementation of low impact development on public lands could address 40% of L.A. 
County’s polluted runoff needs,3 and so one could hypothesize that extending LID practices to private 
lands would greatly increase this percentage.  Additionally, it has been found that implementing LID on 
suitable public and private properties could reduce the amount of water imported by 74,600–152,500 
acre-feet per year.4  Thus, to achieve wide-scale benefits, existing development should be included in the 
City’s strategy for LID. 
 
Since existing developments are currently exempt from the LID measures found in the County’s SUSMP 
standards and the City’s green building and landscape ordinances, there may also be some resistance to 
including existing developments in a mandated low impact development strategy.  Introducing a city-
wide LID rebate program for existing development could be a successful way to address these 
concerns and provide a financial incentive to install green infrastructure features on these 
properties.  The City could develop a rebate structure that allows property owners to recoup some (or all) 
of their stormwater fees by using low impact development BMPs such as rain gardens, bioswales, cisterns 
and even permeable pavement. 
 
In very densely developed areas, it may be difficult to infiltrate or capture all runoff on-site, so the city 
may consider using in-lieu fees to allow developers to compensate for any shortfalls.  The in-lieu fees 
could then be used to install additional LID projects nearby.  (See Chapter 6 for a detailed discussion of 
in-lieu fees.)   
 
A 2008 publication by the EPA, titled “Managing Wet Weather with Green Infrastructure: Municipal 
Handbook - Green Infrastructure Retrofit Policies,” contains more information and case studies on this 
topic.  It can be accessed at http://www.epa.gov/npdes/pubs/gi_munichandbook_retrofits.pdf. 
 
Brownfields and LID 
Los Angeles’ brownfields provide good opportunities for infill redevelopment.  However, depending 
upon the characteristics of the site, infiltration BMPs may not always be appropriate.  Factors to consider 
when developing brownfields include the level and type of contamination, how much remediation has 
already been done, the type of soil in the area, the depth of groundwater, and the rates and direction of 
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hydrologic flow on-site.  Many brownfield sites may be better served by mechanical and chemical 
treatment methods instead of infiltration.  However, brownfields could still be part of a groundwater 
recharge system.  Water from contaminated sites could be captured and cleaned, and then be piped to a 
recharge location outside of the contaminated area.  
 
The City of Emeryville, CA has been particularly successful in using low impact development and green 
infrastructure techniques for brownfields redevelopment.5  The city’s handbook, Stormwater Guidelines 
for Dense, Green Redevelopment, details some of the LID options that developers can use for infill sites.6  
Due to soil contamination, the Emeryville brownfields projects do not infiltrate stormwater into the 
aquifers.  Instead, stormwater is captured for filtration and/or reuse.  Vegetated detention basins and 
swales use plants to remove pollutants from stormwater (bioremediation).  
 
 

Reaching Beyond Current Performance Standards 
 
Chapter 7 noted that the L.A. County Stormwater 
Permit’s “Standard Urban Stormwater Mitigation 
Plan” (SUSMP) contains the most important LID-
related infiltration and stormwater capture 
requirements that apply to the City of Los Angeles.  
While SUSMP standards are the closest that Los 
Angeles has to a LID ordinance, they still fall 
short of a comprehensive low impact development 
strategy for a number of reasons.    
 
For instance, SUSMP does not require native and/or drought-tolerant plants for landscape BMPs7.  If 
developers install water-thirsty plants requiring large amounts of irrigation during the dry season, this 
could have the unintended consequence of exacerbating L.A.’s water conservation issues.  And as 
mentioned above, the standards only apply to major new developments and redevelopments, not existing 
developments.  (See Chapter 7 for more SUSMP information.) 
 
Moreover, it is worth noting that SUSMP is especially geared towards dealing with the pollution in 
the first flush of a storm, and was not designed to encompass concerns about groundwater 
recharge.  Given Los Angeles’ concern about long-term water supplies, the City may want to adopt even 
more ambitious performance standards than SUSMP.  (Current SUSMP standards require that a project 
capture, infiltrate or treat all of the runoff from an 85th percentile storm, which equivalent to a ¾” storm.)   
 
Setting New Performance Standards 
Some basic questions to consider when setting new performance standards for low impact development 
are listed below.  A more extensive list can be found at the beginning of the next chapter. 

 

A clogged catch basin in Los Angeles. 

Heal the Bay
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• Should LID performance standards vary with soil type and the character of the local water table?  
• LID attempts to restore pre-development hydrology and flows, but these have changed quite a bit 

over history.  How far back in time should we look? 
• Should LID performance standards vary with building size or type? 
• Should there be different expectations for dense neighborhoods vs. low density neighborhoods? 
• How should the performance of a LID program or project be measured? 
• On what scale or level should LID performance be measured—by parcel, block, neighborhood or 

watershed? 
• What will be measured?  Water quality parameters, water flow from a site, etc. 
• Who will be responsible for monitoring? 

 
 

Contents of a LID Ordinance 
 
If the City of Los Angeles were to adopt a low impact 
development ordinance, what would it contain?  LID 
ordinances passed by other municipalities provide good 
examples, though the City may want to adapt them to suit the 
unique needs and goals of Los Angeles.  Of particular interest 
is the Low Impact Development Ordinance recently passed by 
the County of Los Angeles in October 2008 as part of its 
landmark green building program.8  Chapters 5 & 7 contain 
more detailed descriptions and analysis of the County’s LID 
Ordinance, and the text of the ordinance can be found in 
Appendix II.  
 
The components of a LID ordinance for the City of Los 
Angeles should include:9 10 
 

• The purpose of the ordinance 
• Definitions of important terminology 
• To what and whom the ordinance applies 
• LID standards for the pre-development (site planning) phase and construction phase 
• LID performance standards for specific types of properties 
• Whether performance standards are prescriptive (requiring the use of specific BMPs) or flexible 

(using BMPs preferred by the developer to meet performance thresholds) 
• The prioritization of BMPs to place emphasis on infiltration into aquifers (see Chapter 3) 
• Tying LID standards to a manual of LID standards for the City of Los Angeles (see next section) 

 

Rain chains guide water into rocky infiltration 
swales in Seattle’s High Point neighborhood. 

EPA / Abby Hall
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• Tying LID standards to a list of recommended native and/or drought tolerant plants suited to the 
local habitats and climate 

• Stream and riparian habitat protection measures 
• Any incentives offered by the City to encourage property owners to install LID measures 
• LID site plan review and approval process 
• Requirements for continued maintenance and operation of LID best management practices 
• Monitoring and evaluating the performance of LID programs and projects 
• Adapting the LID standards or ordinance to reflect the knowledge gained from monitoring 

program. 
 
Developing a LID Manual for Los Angeles 
Every major municipal low impact development program has developed a technical manual to accompany 
its policies or ordinances.  Particularly notable examples are from Prince George’s County (MD), the 
Puget Sound region (WA), Emeryville (CA), Los Angeles County, San Diego County and the U.S. 
Department of Defense.  Web links to all of these manuals can be found in Appendix I. 
 
In general, LID manuals do the following:   
 

• Explain the purpose of and principles behind low impact development 
• Clarify the meaning and application of LID performance standards 
• Describe site assessment, planning and design techniques 
• Describe an array of LID best management practices (including advantages, drawbacks, cost 

considerations, and maintenance needs) 
• Provide diagrams and plans for common BMPs 
• Supply information on hydrologic flow modeling 

 
If L.A. City were to create a low impact development manual, it would not have to start from scratch.  
Much of the material from L.A. County’s new “Low Impact Development Manual,” as well as its old 
2002 “Manual for the Standard Urban Stormwater Mitigation Plan (SUSMP),” can be applied to the 
needs of the City of Los Angeles.11 
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Endnotes 
 
1   Community Conservancy International.  “The Green Solutions Project” report, March 2008.  Executive Summary, p.ES-3. The 

report can be viewed at http://www.ccint.org/greensolution.html 
 
2   City of Los Angeles, Inter-Departmental Correspondence.  May 21, 2008.  “CF: 05-0752 Alternative Street Surfacing 

Materials.” To: Energy and the Environment Committee, from: Department of Public Works and Environmental Affairs 
Department.  This document can be accessed online at 
http://www.lacity.org/ead/greenbuilding/eadgreenbuilding298555988_10022008.pdf  

 
3   Community Conservancy International.  “The Green Solutions Project” report, March 2008.  Executive Summary, p.ES-3. The 

report can be viewed at http://www.ccint.org/greensolution.html 
 
4   First source of information:  Beckman, David S. and Noah Garrison. “NRDC Comment on AB32 Scoping Plan Appendices 

Water Sector,” August 11, 2008.  Natural Resources Defense Council comments sent to the California Air Resources Board.  
Second source of information:  Email message from Noah Garrison, Project Attorney at NRDC, on January 21, 2009.  “LID 
Numbers for L.A. County.” 

 
5   U.S. Environmental Protection Agency, Brownfields and Land Revitalization Program. “Case Studies for Stormwater 

Management on Compacted, Contaminated Soils in Dense Urban Areas,” April 2008. Accessed on 8/14/08, 
http://www.epa.gov/brownfields/publications/swcs0408.pdf 

 
6   City of Emeryville (CA), Planning and Building Department.  “Stormwater Guidelines for Green, Dense Redevelopment,” 

December 2005.  Accessed on 1/5/09, http://www.ci.emeryville.ca.us/planning/pdf/stormwater_guidelines.pdf 
 
7   State of California, California Regional Water Quality Control Board, Los Angeles Region.  “Waste Discharge Requirements 

for Municipal Storm Water and Urban Runoff Discharges Within the County of Los Angeles, and the Incorporated Cities 
Therein, Except the City of Long Beach.”  Order No. 01-182, NPDES Permit No. CAS004001.  December 13, 2001. 

 
8   Heal the Bay. Online News: L.A. County Takes a Major Leap in Protecting Water Quality, October 10, 2008.  Accessed on 

1/5/09,  http://www.healthebay.org/news/2008/10-07_LACounty-LID/default.asp 
 
9   County of Los Angeles.  “Ordinances for Green Building, Low Impact Development and Drought-Tolerant Landscaping,” 

November 14, 2008.  Accessed on 12/15/08.  http://planning.lacounty.gov/assets/upl/data/ord_green-building-final-
ordinances.pdf 

 
10  Vermont League of Cities & Towns.  “Model Low Impact Development Stormwater Management Bylaw,” May 2008.  

Accessed on 7/21/08, http://resources.vlct.org/u/o_LID-secured.pdf  
 
11  County of Los Angeles, Department of Public Works.  Development Planning for Storm Water Management: A Manual for 

the Standard Urban Stormwater Mitigation Plan (SUSMP) - September 2002 Revision.  Accessed on 8/5/08, 
http://ladpw.org/wmd/NPDES/table_contents.cfm  
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[10]  Considerations for LID 

Implementation 
 
 
Low impact development (LID) offers promising strategies for 
the City of Los Angeles to significantly improve stormwater 
management, water supply and green space while reducing its 
impact on climate change and the environment in general.  
However, the city should consider the following challenges and 
issues before developing and implementing a comprehensive LID 
program. 
 
 

Defining LID Goals & Standards 
 
Some questions to consider when defining LID goals and 
standards include:  
 
Determining goals: 

• How much water should be infiltrated and/or captured?  
Should LID requirements be similar to current SUSMP 
standards or more ambitious? 

• Should the City create a LID rebate program to encourage property owners to install more best 
management practices (BMPs)? 

• LID attempts to restore pre-development hydrology and flows, but these have changed quite a bit 
over the city’s history.  How far back in time should we look? 

• Our urban landscape is always changing, and it may be a challenge for LID projects to keep up 
with those changes.  For example, if a low density area with plenty of LID BMPs starts changing 
to a high density area, would this change any of the fundamental LID infrastructure or strategies? 

 
Defining standards: 

• Should LID standards be performance-based (to allow for flexibility) or should they prescribe the 
use of specific LID best management practices? 

• What methods should be used to measure the performance of a LID program or project? 
• On what scale or level should LID performance goals be measured—by parcel, block, 

neighborhood or watershed?   
• Should LID performance standards vary with soil type, the character of the local water table and 

the slope of the land?  

 

Curb cut that directs water from the street 
into a bioswale.  Voluntarily installed at 1100 
S. Hope Street in downtown L.A. 

Haan-Fawn Chau 
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• Should there be different expectations for dense neighborhoods vs. low density neighborhoods? 
• Should LID performance standards vary with building size, type or purpose? 

 
 

Balancing Smart Growth and Infiltration 
 
Smart growth planning practices encourage 
compact development for a number of reasons: 
to reduce a city’s environmental impact, to 
preserve open space, support access to public 
transportation, and improve walkability.  
Nonetheless, increased urban density can make 
it difficult or expensive to infiltrate on-site, 
especially if a building’s footprint takes up the 
entire lot of land.  How can the city encourage 
LID infiltration, but not at the expense of 
compact development?  
 
Four options may help solve this dichotomy:  (1) in-lieu fees, and (2) reduced parking requirements in 
exchange for the installation of low impact development BMPs,1 (3) requiring that properties capture, 
filter and reuse runoff water instead of infiltrating it, and (4) setting LID infiltration goals on a larger, 
neighborhood scale instead of parcel-by-parcel. 
 
In­Lieu Fees 
In very densely developed areas, it may be difficult to infiltrate or capture all runoff on-site, so the city 
may consider using in-lieu fees to allow developers to compensate for any shortfalls.  The in-lieu fees 
could then be used to install additional LID projects nearby.2  The advantages of this system include that 
(1) it raises money for the City to pay for general LID implementation and maintenance projects, and (2) 
it creates some flexibility in how developers can decide to fulfill LID requirements.  Disadvantages of 
this system include that (1) it may actually be more cost-effective and less burden for the City to require 
developers to install infiltration BMPs, and (2) by allowing property owners a way to avoid installing 
infiltration BMPs, the City runs the risk of having no LID infiltration BMPs at all in very dense 
neighborhoods. 
 
If the City were to move forward with allowing in-lieu fees, the fees should go towards the installation of 
LID projects that are close to the original development sites that generated the fees.  Also, the in-lieu-fees 
should not be used to build centralized treatment plants, as these would not fulfill the LID goals of 
enhancing natural drainage systems and managing stormwater on a local scale.   
 
 

Portland, OR                      EPA / Abby Hall 
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Exchanging Parking Requirements or Density Bonuses for LID BMPs 
The City could use density bonuses or reduced parking requirements as incentives for installing low 
impact development features in highly urbanized areas.  Both incentives increase the amount of space that 
can be built—a valuable opportunity for developers working in such areas.   
 
As shown by the table on the right, parking facilities are very 
expensive to build, and City-mandated parking requirements 
can place major constraints on how developers can use their 
land.3  In very dense portions of the city, exchanging parking 
spaces for effective, well-planned LID infiltration projects 
could prove to be a powerful economic incentive.4   
 
Capture, Filtration & Reuse 
The City could designate certain “densely developed areas” of the Los Angeles (such as downtown, 
where soils are not conducive to infiltration and basement width often extends under the sidewalk area), 
where it would allow developers to capture, filter and reuse water runoff from a property instead of 
infiltrating it into the ground.  On-site treatment facilities could be used to remove pollutants from runoff.  
If the property has no way of reusing the filtered water, the City could allow it to connect to the storm 
drain system or direct its flow to another property for reuse. 
 
Setting LID Goals at Neighborhood Level 
Basing LID infiltration goals on larger areas—such as entire neighborhoods or watersheds instead of 
parcel-by-parcel—could allow some flexibility to deal with infiltration problems at an individual site 
while still achieving the City’s overall infiltration goals.  Making some concessions to accommodate 
compact growth could help prevent suburban sprawl, saving valuable open space from being developed.  
To successfully adhere to low impact development principles, the City would need to evaluate the amount 
of filtration and groundwater recharge that would be gained by preserving open space in comparison to 
requiring smaller infiltration zones in dense urban locations. 
 
 

Administrative Challenges 
 
Before implementing a low impact development program, the City would need to resolve a number of 
administrative challenges:   
 
Administering a LID program: 

• Which department would be responsible for LID implementation?  A comprehensive LID 
program would probably require coordination between several departments.   

• Will additional staff be needed to administer the LID program? 

Average Development Cost of Parking 
(excluding land) 

 
Source: http://www.livableplaces.org/bpolicy/parking.html 

Type of parking facility Cost/space

   Surface lot $2,000 

   Multi-level above ground  $10,000 

   Subterranean  $20,000 
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• To encourage innovative LID projects, the process for approving non-standard BMP designs 
should be streamlined. 

• A plan to monitor adherence to LID standards and to tell whether property owners continue to 
maintain their low impact development BMPs should be developed. 

• The LID program should be administered in a way that will not create an extra layer of 
bureaucracy for building plan checks. 

• Possible increases in maintenance: porous pavements need to be vacuum-swept several times a 
year. 

 
Resolving conflicts with LID: 

• Some LID practices may conflict with building and safety 
codes.  Historically, building and safety codes have aimed to 
direct water out to the storm drain as fast as possible—the 
opposite of what low impact development tries to accomplish.  
Also, there may be some building codes that restrict how water 
can be reused and what kinds of pavement can be used for fire 
lanes. 

• Sometimes the City requires developers to change the slope of 
the site in a way that does not benefit low impact development.  
The City’s grading requirements tend to favor the urban street 
grid and are not based on the land’s natural topography.  

• Hillside areas may not be conducive to infiltration due to the 
potential for soil subsidence, and may need to be exempted 
from LID. 

 
Other points of note: 

• Potential private property issues:  For LID to have a significant positive impact, it should be 
employed on private as well as public property.  From an environmental standpoint, if a particular 
property has very little infiltration area but an adjacent property has plenty of space for 
infiltration, low impact development goals could be fulfilled by infiltrating the runoff from the 
first property on the second property.  However, allowing one property to manage the other’s 
runoff could cause some legal complications.  

• A LID ordinance for the City of Los Angeles would not apply to the Los Angeles Unified School 
District (LAUSD), a major land holder.  The school district is currently following county-wide 
SUSMP stormwater management standards because of political pressure.  Moreover, LAUSD 
generally uses state architects to design their sites.  Instead of using the LEED green building 
certification system run by the U.S. Green Building Council (which is the centerpiece of L.A.’s 
Green Building Ordinance), they use the CHPS  program (Collaborative for High Performance 
Schools) which applies only to K-12 schools. 

 

 

A large cistern collects roof runoff from 
a commercial building in Chicago. 

EPA / Abby Hall 
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LID Readiness & Education 
 
Low impact development will be a new concept to many.  To properly implement a LID program, the 
City should take steps to ensure that there is an adequate support structure and professional knowledge 
base. 
 

• How ready are we for LID change?  City planning staff, engineers and street maintenance crews 
would need to learn about LID principles and standards. 

• Are Los Angeles’ architecture and landscape design professionals ready to design and install LID 
features?  Local landscape architects may not have enough knowledge about ecology and native 
plants to implement LID techniques effectively.  Making a landscape look attractive is very 
different from designing it to successfully perform stormwater management functions.   

• Low impact development training should be offered to the landscape and gardening industry so 
that they can understand how to maintain landscape BMPs and smart irrigation systems. 

• More trained professionals are needed to help monitor, collect data and analyze the effectiveness 
of LID projects in Los Angeles.  They will be needed in both the government and private sectors. 

• The people who evaluate LID programs and projects must have a thorough understanding of the 
biological and ecological calculations that go into LID.  

 
 

Implementing LID Effectively 
 
In order to effectively implement low impact development in Los Angeles, a number of points should be 
kept in mind: 
 

• Site evaluation is very important to ensure that LID best management practices appropriate for 
the local drainage patterns are installed at optimal locations on a property.  

• If the city’s goal is to maximize groundwater recharge, then it must emphasize drought-tolerant 
plants.  Planting additional water-thirsty species could actually increase the city’s demand for 
water.  Therefore, to fulfill the goal of increasing water supply while reducing demand, planting 
drought-tolerant plant and tree species is imperative. 

• Infiltration and groundwater recharge is not necessarily optimal where the ground is composed of 
impenetrable clay, as the case in some areas of the city.  In such areas, the emphasis should be 
placed on slowing and cleaning instead. 

• Development companies must carefully plan the paths for their construction equipment in order 
to prevent the removal of topsoil and excess grading and compaction, all of which reduce the 
effectiveness of LID infiltration techniques.   
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LID Knowledge, Data and Evaluation 
 
Since low impact development and green infrastructure 
programs are relatively new in the United States, the 
knowledge base is still developing.  There is a need to 
gather information about LID projects in dry climates 
such as Los Angeles.  The City can help fill these 
information gaps by considering the following: 
 

• Who will be responsible for monitoring and 
evaluating LID programs and projects?  What will 
be measured?  (Water quality parameters, water 
flow from a site, rate of infiltration, etc.)  How 
does LID data compare to baseline data for 
conventional stormwater practices in Los 
Angeles? 

• There is quite a bit of existing data on 
implementing LID in wet climates, but not 
enough for dry climates.  There needs to be more 
test cases and studies specific to Southern California’s climate, especially regarding effectiveness 
and costs of LID.  The City may be able to cooperate with universities to accomplish this. 

• The City could develop a methodology to quantify and assess the true value of low impact 
development strategies.  It is important to account for all the economic, environmental and social 
benefits and costs when conducting a financial analysis of LID.  Many analyses tend to focus 
only on capital costs, but when looking at the large-scale ecological picture, LID is often a more 
cost-effective strategy than conventional stormwater management. There is significant value 
created by nature’s services, such as pollution removal by plants, potential flood waters absorbed 
by soil, and carbon sequestered by trees. 

• The results of a cost-benefit analysis can also vary from site to site.  For instance, the value of 
removing a certain amount of bacterial pollution may be worth more at one site than another.  
How could this be included in a comprehensive LID program? 

• Some BMPs may have long-term issues with maintenance, so more test cases are needed to 
gather data on this topic. 

 
 
 
 
 

 

Vegetated swale with curb cuts at a shopping 
center.  8500 Firestone Blvd., Downey, CA. 

Haan-Fawn Chau
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Equity Issues 
 
Implementing low impact development throughout Los Angeles may generate some concerns about 
equity issues in low-income areas.  For instance, because dense neighborhoods have relatively small lots 
and are dominated by buildings and paved surfaces, there is little space to install LID infiltration BMPs.  
Therefore, drainage fees based solely on the percentage of impervious surface that covers a property may 
place a proportionately higher burden on dense neighborhoods.  Since low-income neighborhoods are 
often located in very dense parts of the city, these residents could be subject to relatively high fees.   
 
One way to ameliorate this problem would be to base drainage fees on the total square footage of a 
property’s impervious surfaces.  Since central-city properties and buildings tend to be more compact than 
suburban ones, this approach is more likely to result in lower fees per living unit for dense 
neighborhoods.  The City may wish to explore other options, such as subsidies and rebates, to help ensure 
that low-income communities are not unfairly burdened by LID fees.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                 
Endnotes 
 
1   Conversation with Dr. W. Bowman Cutter (Assistant Professor, Department of Economics, Pomona College), 8/13/08. 
 
2   ibid. 
 
3   Shoup, Donald.  “Graduated Density Zoning.” Zoning Practice, January 2009, p. 2–7.  Accessed on 1/20/09 from the 

University of California Los Angeles website,  http://its.ucla.edu/shoup/GraduatedDensityZoning.pdf  
 
4   Conversation with Dr. W. Bowman Cutter (Assistant Professor, Department of Economics, Pomona College), 8/13/08. 
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[11]  Recommended Next Steps 
 
 
This chapter recommends a number of steps that the City of Los Angeles can pursue to implement a more 
comprehensive low impact development (LID) and green infrastructure program.  The recommendations 
are listed roughly in the order in which they should be accomplished.  Additional background on these 
items can be found in Chapters 6–10. 
 
 

Internal Review 
1. Review low impact development strategy with the City’s 

Green Team, Green Streets Committee and City Council 
committees. 

 
 

Stakeholder Review 
1. Determine which groups need to be involved with LID 

brainstorming, review and feedback: environmental groups, 
developers, architects, landscape architects, planners, civil 
engineers, community organizations, gardening industry, etc. 

 
 

Analysis and Foundation Steps 
1. Create a task force or implementation team for LID and green infrastructure.   
2. Survey and analyze current policies, ordinances and standards to identify potential conflicts with 

LID and green infrastructure.  Make recommendations for necessary changes.  (See Chapters 7 & 
10.)   Engineering and building & safety standard plans, practices, and ordinances should be a top 
priority.  Also check fire and flood ordinances and insurance maps for conflicts with LID. 

3. Create a menu of best management practices (BMPs) appropriate for LID projects in Los 
Angeles.  Place special focus on natural/biological BMPs. 

4. Create design and engineering guidelines for LID best management practices.  These standard 
plans will allow LID BMPs to be easily approved. 

5. What can be done to make it easier to implement LID projects until we have sufficient cost-
benefit information for our climate?   

6. Examine questions regarding scope, applicability, and internal process & management.  (See 
Chapters 9 & 10.) 

7. Develop methodology for cost-benefit analysis to include capital costs AND a way to quantify 
nature's services.  

8. Generate comprehensive cost-benefit estimates for implementing LID.   

Haan-Fawn Chau 

 
Tree well near the intersection of 

Grand and 12th Streets in downtown 
Los Angeles. 
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Testing & Evaluation 
1. Identify potential LID and green infrastructure pilot projects to gather LID data for our 

area/climate. 
2. Develop and implement pilot projects. 
3. Collect and analyze data from pilot projects to help inform future LID efforts and to enhance our 

understanding of how LID can be implemented in dry climates.   
4. Universities and nonprofit organizations may be good partners to help with identifying and 

designing projects, data collection and analysis. 
 
 

Policy Development & Implementation 
1. Develop a BMP manual for LID practices.  Include list of drought-tolerant, native plants suitable 

for bioswales in our climate.  It would be helpful to suggest: (1) BMPs for different 
climate/environmental conditions, and (2) BMPs that remove specific pollution constituents.  
(Northeast Trees is already working on a project that matches chemical constituents to 
appropriate BMPs.) 

2. Create decision trees to help developers and the general public to understand what kinds of LID 
decisions need be made for each type of development.  Decision trees should be made for new 
development, redevelopments and existing developments. 

3. Integrate LID principles into the Conservation Element of the General Plan. 
4. Integrate LID principles into a revised Landscape Ordinance, which the state requires every city 

to adopt by 2010.  (See Chapter 7.) 
5. Explore the feasibility of integrating LID into the Green Building Ordinance.   
6. As the city’s 35 community plans are updated, integrate LID principles into each plan.  This will 

especially help to address land use issues as they relate to LID. 
7. Create Green Streets design guidelines for incorporation into standard plans.   
8. Review the need for a LID ordinance. 
9. Develop a working group to draft a LID ordinance.  
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[12]  Conclusion 
 
 
 
Southern California was designed and built mostly in the 20th Century, and the prevailing idea at 
the time was to move water quickly and directly to the ocean.  In the 21st Century, we have 
learned how to design our streets, sidewalks, and landscaping to soak up runoff through a more 
natural process, weaving the textures of nature into the fabric of the city.  We have begun to 
capitalize on the valuable services that nature can offer us: capturing, cleaning, and storing 
stormwater.  
 
Low impact development is an emerging and important international stormwater management 
trend.  Nationwide research has proven that low impact development can be a cost effective 
solution to pressing problems pertaining to water quality and water supply, as well the other 
benefits noted in this paper, such as flood control, mitigation of climate change, and creation of 
more natural spaces.  For instance, studies have shown that if runoff is directed over vegetated 
areas, or areas with other kinds of porous material, the process of soaking through the soil cleans 
up or treats the pollution naturally and recharges groundwater aquifers as well.   
 
Urban runoff is the number one source of 
water pollution in Southern California.  
Research conducted in Los Angeles has 
found that the City can significantly increase 
its water supply, ameliorate climate change 
issues, and address of much of the pollution 
found in urban runoff by converting its 
paved areas from gray to green.  Moreover, 
implementing low impact development will 
create new, local “green-collar” jobs through 
the development of a workforce trained to 
install and maintain green infrastructure 
features. 
 
The LID principles become particularly crucial as climate change impacts to our environment 
produce changing weather patterns that are currently predicted to result in longer term drought 

 

A curb cut that directs water from the street and sidewalk into 
a bioswale.  1100 S. Hope Street in downtown Los Angeles. 

Haan-Fawn Chau
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conditions throughout California.  Harvesting all 
available rainwater by the various methods shown 
in this paper is an important means of addressing 
this looming problem.  
 
The City of Los Angeles is well underway toward 
implementing the principles of low impact 
development into its designs for streets, sidewalks 
and alleys, through its Green Streets and Green 
Alleys program.  With over 6,500 miles of streets 
and 900 miles of alleys, much could be 
accomplished by incorporating LID principles into new construction and by phasing in LID 
conversions for existing infrastructure.  However, these paved areas only account for a portion of 
the hardscape found in Los Angeles, and thus only a portion of the stormwater burden. 
Implementation of low impact development on a wider and more intensive scale throughout the 
city is worth consideration, both on public and private property. 
 

Haan-Fawn Chau
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Appendices 
 
 
 

EPA / Abby Hall 

A large neighborhood development in Wilsonville, Oregon that 
incorporates decentralized stormwater management features throughout. 
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Appendix I: 

Additional LID Resources & Information 
 
 
General Information About LID 
The following websites are excellent sources of information about low impact development (LID) in 
general, and often serve as clearinghouses for LID knowledge, developments and issues.  Some sites are 
focused on green infrastructure or stormwater best management practices (BMPs), which also apply to 
LID.  Additionally, most the manuals and technical guides listed in the next section contain a wealth of 
low impact development information. 
 
 
Low Impact Development Center— a non-profit organization dedicated to the advancement of Low Impact Development 
technology.  Has a wealth of projects, research, publications and web links to pull from. http://www.lowimpactdevelopment.org/  
 
U.S. Environmental Protection Agency 

• Low Impact Development (LID), http://www.epa.gov/nps/lid/ 
• Managing Wet Weather with Green Infrastructure,  http://cfpub.epa.gov/npdes/home.cfm?program_id=298 
• “Green Infrastructure Municipal Handbook,” http://cfpub.epa.gov/npdes/greeninfrastructure/munichandbook.cfm  
•  “Case Studies for Stormwater Management on Compacted, Contaminated Soils in Dense Urban Areas,” April 2008. 

http://www.epa.gov/brownfields/publications/swcs0408.pdf 
• “Reduce Runoff: Slow It Down, Spread It Out, Soak It In,” online video.  http://www.epa.gov/owow/nps/lid/video.html  
• Green infrastructure photo gallery, by Abby Hall of the USEPA.  http://picasaweb.google.com/buildgreeninfrastructure 

 
 The Conservation Fund, Green Infrastructure Program 

• Green infrastructure website, http://www.greeninfrastructure.net/  
• “Green Infrastructure: Smart Conservation for the 21st Century,” by Mark A. Benedict and Edward T. McMahon,  

http://www.sprawlwatch.org/greeninfrastructure.pdf  
 
Natural Resources Defense Council— “Stormwater Strategies: Community Responses to Runoff Pollution,” Chapter 12, Low 
Impact Development.  May 1999.  http://www.nrdc.org/water/pollution/storm/chap12.asp   
 
The Green Infrastructure Center— assists communities in developing strategies for protecting and conserving their ecological 
and cultural assets through environmentally-sensitive decisions planning.  http://www.gicinc.org/   
 
Center for Neighborhood Technology—website contains information on a number of green infrastructure projects.  
http://www.cnt.org/natural-resources/  
 
Greenroofs.com— news portal that promotes green roofs.  Has a significant green roofs project database.  www.greenroofs.com  
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Manuals and Technical Guides 
The following manuals and technical guides provide valuable information on how other cities approach 
low impact development and contain research on effective stormwater best management practices.  Most 
of these publications also have introductory information about low impact development, green 
infrastructure and stormwater BMPs.  Some also contain technical information on specific projects. 
 

California 
 
County of Los Angeles 

• Green Building Program, http://planning.lacounty.gov/green 
o “Low Impact Development Standards Manual,” January 2009.  

http://planning.lacounty.gov/assets/upl/project/green_la-county-lid-manual.pdf 
o “Green Building and Sustainability Guidelines for the County of Los Angeles,” 2008 Edition.   

http://planning.lacounty.gov/assets/upl/project/green_20080507-rpc-attachment-6.pdf 
o “Drought-Tolerant Plant List,” http://planning.lacounty.gov/assets/upl/project/green_drought-tolerant-

plants.pdf 
 

• Department of Public Works 
o “Development Planning for Storm Water Management: A Manual for the Standard Urban Stormwater 

Mitigation Plan (SUSMP),” September 2002 Revision.  http://ladpw.org/wmd/NPDES/table_contents.cfm 
o Methodology For Prioritizing Structural BMP Implementation, overview webpage. 

http://ladpw.org/WMD/bmpmethod/overview.shtm 
o “Los Angeles County-Wide Structural BMP Prioritization Methodology: A Guidance Manual for Strategic 

Storm Water Quality Project Planning,” 2006. http://ladpw.org/WMD/bmpmethod/manual.shtm   
o “Hydrology Manual,” January 2006.  

http://dpw.lacounty.gov/wrd/publication/engineering/2006_Hydrology_Manual/2006%20Hydrology%20Man
ual-Divided.pdf  

 
 
City of Santa Monica— “Santa Monica Residential Green Building Guide.”  
http://greenbuildings.smgov.net/pdf/Residential_GB_Guidelines.pdf    
 
TreePeople— “Rainwater as a Resource: A Report on Three Sites Demonstrating Sustainable Stormwater Management.”  
Description, cost assessments, maintenance schedules and schematics for three projects in Los Angeles. 
http://www.treepeople.org/vfp.dll?OakTree~getPage~&PNPK=207  
 
City of Emeryville— “Stormwater Guidelines for Green, Dense Redevelopment,” December 2005.  Department of Planning & 
Building.  http://www.ci.emeryville.ca.us/planning/pdf/stormwater_guidelines.pdf  
 
County of San Diego— “Low Impact Development Handbook: Stormwater Management Strategies,” December 31, 2007.  
Department of Planning and Land Use.  http://www.co.san-diego.ca.us/dplu/docs/LID-Handbook.pdf   
 
 

Other States / National 
 
U.S. Environmental Protection Agency—  “Storm Water Technology Fact Sheet—Vegetated Swales,” September 1999.  
http://www.epa.gov/npdes/pubs/vegswale.pdf 
 
U.S. Department of Defense— “United Facilities Criteria (UFC): Low Impact Development,” October 25, 2004.  
http://www.wbdg.org/ccb/DOD/UFC/ufc_3_210_10.pdf  
 
Prince George’s County (MD)— Department of Environmental Resources, Programs and Planning Division.   

• “Low Impact Development Design Strategies: An Integrated Approach,” June 1999.  
www.lowimpactdevelopment.org/pubs/LID_National_Manual.pdf 

• “Low-Impact Development Hydrologic Analysis,” July 1999.  
http://www.lowimpactdevelopment.org/pubs/LID_Hydrology_National_Manual.pdf  
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State of Maryland— Maryland Stormwater Design Manual—Volumes I & II, effective October 2000.  Department of the 
Environment.  http://www.mde.state.md.us/Programs/WaterPrograms/SedimentandStormwater/stormwater_design/index.asp   
 
Puget Sound Area (WA)— “Low Impact Development: Technical Guidance Manual for Puget Sound,” January 2005.  
Puget Sound Action Team, Washington State University Pierce County Extension. 
www.psp.wa.gov/downloads/LID/LID_manual2005.pdf 
 
City of Portland (OR)— “City of Portland Stormwater Management Manual,” Revision 4, July 1, 2008.  Bureau of 
Environmental Services. http://www.portlandonline.com/bes/index.cfm?c=47952&     
 
Fairfax County (VA)—  “Fairfax County – LID BMP Fact Sheets” February 28, 2005.  These fact sheets contain detailed 
information about the specific stormwater BMPs (purpose, costs, benefits, effectiveness, maintenance requirements, technical 
drawings, LEED credits, etc.).  Includes bioretention systems, filtering technologies, permeable pavements, site design strategies, 
soil amendments, vegetative systems and water conservation measures.  http://www.lowimpactdevelopment.org/fairfax.htm  
 
City of Chicago (IL)— 

• “The Chicago Green Alley Handbook.”  
http://egov.cityofchicago.org/webportal/COCWebPortal/COC_EDITORIAL/GreenAlleyHandbook.pdf       

• “A Guide to Stormwater Best Management Practices: Chicago’s Water Agenda,” 2003.  
http://egov.cityofchicago.org/webportal/COCWebPortal/COC_ATTACH/GuideToStormwaterBMPs.pdf 

 
State of Idaho— Department of Environmental Quality 

• “Stormwater: Catalog of Stormwater BMPs for Idaho Cities and Counties,” September 2005. 
http://www.deq.state.id.us/water/data_reports/storm_water/catalog/  

o “Volume 3. Low Impact Development Techniques,” 
http://www.deq.state.id.us/water/data_reports/storm_water/catalog/vol_3.pdf  

 
 
 

Implementing LID in Los Angeles 
The following resources investigate important issues pertaining to the implementation of low impact 
development specifically in Los Angeles. 
 
 
Community Conservancy International— “The Green Solutions Project” report, March 2008.  Assesses the benefits of using 
LID on public lands in Los Angeles. http://www.ccint.org/greensolution.html  
 
USC Center for Sustainable Cities— http://college.usc.edu/geography/ESPE/ 

• “Transforming Alleys into Green Infrastructure for Los Angeles,” June 2008.  
http://college.usc.edu/geography/ESPE/documents/alleyreport_final_reduced.pdf  

 
Greenforall.com— “Job Implications in Los Angeles’ Green Building Sector,” by Signalle Rosner, May 2006.  
http://www.greenforall.org/resources/job-implications-in-los-angeles-green-building 
 
Los Angeles & San Gabriel Rivers Watershed Council (LASGRWC) 

• L.A. Basin Water Augmentation Study. The Groundwater Water Augmentation Model (GWAM) was developed by the 
U.S. Bureau of Reclamation and the LASGRWC for the Los Angeles Basin Water Augmentation Study.  By 
performing a soil moisture accounting, the model provides an estimate of the amount of infiltration, runoff and deep 
percolation under current conditions and the potential for greater groundwater recharge if various capture strategies are 
implemented.  http://www.lasgrwc.org/WAS.htm    

 
City of Los Angeles—  

• “Porous Pavement Report,” May 21, 2008.  “CF: 05-0752 Alternative Street Surfacing Materials.” Interdepartmental 
correspondence, to: Energy and the Environment Committee, from: Department of Public Works and Environmental 
Affairs Department.  http://www.lacity.org/ead/greenbuilding/eadgreenbuilding298555988_10022008.pdf  

• Elmer Avenue: A Model Stormwater Green Street.  Department of Public Works, Stormwater Program.  
http://www.sga-inc.net/BACKUP/LA_newsletter/Elmer_Avenue.htmlComing to a Neighborhood Near You - 
Disconnected Downspouts.  Department of Public Works, Stormwater Program.  http://www.sga-
inc.net/BACKUP/LA_newsletter/Coming_to_a_Neighborhood_Near_You.html 
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• “Los Angeles River Revitalization Master Plan,” April 2007.  Bureau of Engineering. 
http://www.lariverrmp.org/CommunityOutreach/masterplan_download.htm 

• “RIO Fact Sheet: River Improvement Overlay District,” July 2007.  Department of City Planning.  
http://cityplanning.lacity.org/Code_Studies/Rioproject/factsheet.pdf  

• “Integrated Resources Plan (IRP): A New Strategy for LA’s Water Infrastructure—Information Sheet,” January 26, 
2006.  Department of Public Works, Bureau of Sanitation.  
http://www.lacity.org/SAN/irp/documents/factsheet012006.pdf  

 
County of Los Angeles—  

• “Los Angeles County BMP Effectiveness Study,” August 2005.  Department of Public Works.  
http://dpw.lacounty.gov/wmd/NPDES/1994-05_report/Appendices/Appendix%20H-BMP%20Effectiveness.pdf  

• “Watershed Management Techniques: Economic Valuation Model,” February 28, 2005.  Report prepared by the 
Natelson Company, Inc. for the Department of Public Works, Watershed Management Division.  Presents a 
methodology for cost-benefit analysis. 

 
California State Water Resources Control Board— “A Review Of Low Impact Development Policies: Removing Institutional 
Barriers to Adoption,” December 2007.  Prepared by the Low Impact Development Center.  
http://www.waterboards.ca.gov/water_issues/programs/low_impact_development/docs/ca_lid_policy_review.pdf  
 
California Department of Water Resources— Office of Water Use and Efficiency Transfers.   

• Updated Model Water Efficient Landscape Ordinance AB 1881, overview webpage. 
http://www.owue.water.ca.gov/landscape/ord/updatedOrd.cfm/  

• “Modified Text of Proposed Regulation,” California Code of Regulations, Title 23, Sections 490 - 495 regarding the 
Model Water Efficient Landscape Ordinance.  November 26, 2008.  
http://www.owue.water.ca.gov/docs/Modified_Text_of_Proposed_Regulation.pdf 

 
 
 

Evaluating the Effectiveness of LID 
Reports and articles regarding the effectiveness of LID for controlling water flows and mitigating 
pollution levels.  Some of these are case studies that included monitoring and evaluation. 
 
 
County of Los Angeles— “Los Angeles County BMP Effectiveness Study,” August 2005.  Department of Public Works.  
http://dpw.lacounty.gov/wmd/NPDES/1994-05_report/Appendices/Appendix%20H-BMP%20Effectiveness.pdf  
 
Los Angeles & San Gabriel Rivers Watershed Council (LASGRWC)— L.A. Basin Water Augmentation Study. The 
Groundwater Water Augmentation Model (GWAM) was developed by the U.S. Bureau of Reclamation and the LASGRWC for 
the Los Angeles Basin Water Augmentation Study.  By performing a soil moisture accounting, the model provides an estimate of 
the amount of infiltration, runoff and deep percolation under current conditions and the potential for greater groundwater 
recharge if various capture strategies are implemented.  http://www.lasgrwc.org/WAS.htm    
 
U.S. Environmental Protection Agency— “Urban Stormwater BMP Performance Monitoring: A Guidance Manual for 
Meeting the National Stormwater BMP Database Requirements,” April 25, 2002.  
http://www.epa.gov/guide/stormwater/files/montch1and2.pdf 
 
City of Portland (OR)— “Flow Test Report: Siskiyou Curb Extension, August 4th 2004.”  Bureau of Environmental Services. 
http://www.portlandonline.com/shared/cfm/image.cfm?id=63097  
 
Prince George’s County (MD)— “Final Technical Report: Pilot Projects for LID Urban Retrofit Program in the Anacostia 
River Watershed, Phase III,” December 30, 2006.  Department of Environmental Resources.  
http://www.co.pg.md.us/Government/AgencyIndex/DER/ESG/pdf/Final%20Technical%20Report_Phase%20III.pdf  
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Costs of Implementing LID & Funding Strategies 
The reports, articles and web pages listed below analyze the economic costs and benefits of LID projects 
and programs.   They also contain strategies for funding LID efforts. 
 

California 
 
County of Los Angeles— “Watershed Management Techniques: Economic Valuation Model,” February 28, 2005.  Report 
prepared by the Natelson Company, Inc. for the Department of Public Works, Watershed Management Division.  Presents a 
methodology for cost-benefit analysis. 
 
UC Riverside, Department of Environmental Sciences—  

• “Costs and Infiltration Benefits of the Watershed Augmentation Study Sites,” by Autumn DeWoody, W. Bowman 
Cutter, David Crohn.  April 17, 2006.  Five non-residential land uses located in Los Angeles County were equipped 
with infiltration BMPs.  Study estimated the groundwater recharge benefits relative to total costs.  
http://www.lasgrwc.org/WAS/Documents/UCR_LASGRWC_041806.pdf 

• “Capturing Urban Stormwater Runoff: A Decentralized Market-Based Alternative,” by Kenneth A. Baerenklau, W. 
Bowman Cutter, Autumn DeWoody, Ritu Sharma, and Joong Gwang Lee. Policy Matters, Volume 2, Issue 3.  Fall 
2008.  Investigates the cost-effectiveness of implementing parcel-level BMPs in a Los Angeles area watershed using 
competitive bidding.  http://policymatters.ucr.edu/pmatters-vol2-3-water.pdf  

• “Costs and Benefits of Capturing Urban Runoff With Competitive Bidding for Decentralized Best Management 
Practices,” by W. Bowman Cutter, Kenneth A. Baerenklau, Autumn DeWoody, Ritu Sharma, and Joong Gwang Lee.  
WaterResources Research, September 6, 2008.  Investigates the cost effectiveness of implementing BMPs in a Los 
Angeles area watershed with two voluntary incentive mechanisms: competitive bidding and a fixed subsidy.  
http://www.agu.org/pubs/crossref/2008/2007WR006343.shtml  

 
Kolozsvari, Douglas and Donald Shoup— (2003).  Turning Small Change Into Big Changes. Article about parking increment 
financing.  http://www.walkablestreets.com/meter.htm 
 
Institute For Local Government— (2005)  Funding Open Space Acquisition Programs: A Guide for Local Agencies in 
California, “Chapter 8: Creating Benefit Assessment Districts.”  
http://www.cacities.org/resource_files/23925.ILG_OpenSpace_Ch8.pdf 
 

City and County of San Francisco—Press Room: Press Release. “Mayor Newsom Unveils First-Ever City Carbon Offsets to 
Fight Global Warming,” December 18, 2007.  http://sfgov.org/site/mayor_index.asp?id=72509  
 
 

Other States/National 
 
U.S. Environmental Protection Agency 

• Fact Sheet: Reducing Stormwater Costs through Low Impact Development (LID) Strategies and Practices, December 
2007. http://www.epa.gov/owow/nps/lid/costs07/factsheet.html 

 
• “Reducing Stormwater Costs through Low Impact Development (LID) Strategies and Practices,” December 2007.  

EPA Document #EPA 841-F-07-006.  
http://www.epa.gov/owow/nps/lid/costs07/documents/reducingstormwatercosts.pdf  

• “Managing Wet Weather with Green Infrastructure: Municipal Handbook - Funding Options.” 2008. 
http://www.epa.gov/npdes/pubs/gi_munichandbook_funding.pdf 

 
Keely, Melissa— “Using Individual Parcel Assessments to Improve Stormwater Management.” Journal of the American 
Planning Association, Vol. 73, No. 2, Spring 2007.  
 
The Trust For Public Land— Benefit Assessment Districts.  How benefit assessment districts can be used for conservation 
finance.  http://www.tpl.org/tier3_cd.cfm?content_item_id=1058&folder_id=825  
 
ECONorthwest— “The Economics of Low Impact Development: A Literature Review,” November 2007. 
http://www.econw.com/reports/ECONorthwest_Low-Impact-Development-Economics-Literature-Review.pdf  
 
City of Seattle (WA)— Drainage Rate Schedule. Stormwater drainage fees for 2009. 
http://www.ci.seattle.wa.us/util/Services/Drainage_&_Sewer/Rates/DrainageRates/RateSchedule/index.htm 
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City of Minneapolis (MN)— Stormwater Utility Fee: Frequently Asked Questions.   
http://www.ci.minneapolis.mn.us/stormwater/fee/stormwater_faq.asp  
 
City of Portland (OR)— 1% for Green funding program.  Portland Bureau of Environmental Sciences. 
http://www.portlandonline.com/bes/index.cfm?c=48702&  
 
Colorado Carbon Fund— Project C: We Have The Power.  Website for the State of Colorado’s carbon offset sales program. 
http://www.coloradocarbonfund.org/  
 
 
 

LID­Related Performance & Rating Systems 
The following websites and article highlight rating systems that were created or are in development to 
help implement LID and green infrastructure practices in a systematic way. 
 
 
U.S. Green Building Council— LEED (Leadership in Energy and Environmental Design) green building rating system. 
http://www.usgbc.org/DisplayPage.aspx?CategoryID=19 
 
Sustainable Sites— a system proposed by landscape architects to certify the ecological design of outdoor spaces, separate from 
buildings.  www.sustainablesites.org 
 
City of Seattle (WA)—  Seattle Green Factor: What is the Seattle Green Factor?  Department of Planning & Development. 
http://seattle.gov/dpd/permits/greenfactor/Overview/ 
 
Keely, Melissa— “Using Individual Parcel Assessments to Improve Stormwater Management.” Journal of the American 
Planning Association, Vol. 73, No. 2, Spring 2007.  Article discusses the Green Area Ratio as a way to assess how “green” 
properties are. 
 
 
 

Examples of LID Programs & Projects 
Listed below are links to low impact development programs and projects happening in other cities.  The 
earlier section on “Manuals and Technical Guides” and the items featured in Appendix II also contain 
references to programs in other cities. 
 
 
Wise, Steve— “Green Infrastructure Rising: Best Practices in Stormwater Management.”  Planning, the magazine of the 
American Planning Association.  August/September 2008.  Pages 14-19.  Article describes a wide variety of projects from around 
the United States. 
 
County of Los Angeles— Green Building Program, Department of Regional Planning.  http://planning.lacounty.gov/green  
 
City of Santa Monica— Energy & Green Building Programs.  http://greenbuildings.smgov.net/index.html    
 
Village Homes (Davis, CA)—  About Village Homes.  http://www.villagehomesdavis.org/public/about  
 
City of Portland (OR)—   

• A Sustainable Approach to Stormwater Management, http://www.portlandonline.com/bes/index.cfm?c=34598 
• “NE Siskiyou Green Street Project: Project Summary,” April 2005.  Bureau of Environmental Services. 

http://www.portlandonline.com/bes/index.cfm?a=78299&c=45386  
• Hyperlocalizing Hydrology in the Post-Industrial Urban Landscape.  February 18, 2008.  An independent blog that 

features excellent photos of the NE Siskiyou Street project. http://pruned.blogspot.com/2008/02/hyperlocalizing-
hydrology-in-post.html  
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City of Seattle (WA)—  Street Edge Alternatives (SEA Streets) Project.  Public Utilities Commission.  
http://www.seattle.gov/UTIL/About_SPU/Drainage_&_Sewer_System/Natural_Drainage_Systems/Street_Edge_Alternatives/ind
ex.asp 
 
City of Chicago (IL)—  Green Alleys program, Department of Transportation.  
http://egov.cityofchicago.org/city/webportal/portalContentItemAction.do?BV_SessionID=@@@@1030171822.1233726916@
@@@&BV_EngineID=cccdadeggjimimjcefecelldffhdfhm.0&contentOID=536946345&contenTypeName=COC_EDITORIAL
&topChannelName=Dept&blockName=Transportation%2FGreen+Alleys%2FI+Want+To&context=dept&channelId=0&progra
mId=0&entityName=Transportation&deptMainCategoryOID=-536883915 
 
City of Boston (MA)— Low Impact Development Tool Kit.  Boston Metropolitan Area Planning Council. 
http://www.mapc.org/LID.html  
 
City of Vancouver (Canada)—  

• Green Streets Program, Department of Engineering Services.   
http://vancouver.ca/engsvcs/streets/greenstreets/index.htm  

• Sustainable Streets and “Country Lanes” programs, Department of Engineering Services. 
http://vancouver.ca/ENGSVCS/streets/design/enviro.htm 

• Streets: Environmentally Sustainable Options.  Department of Engineering Services.  
http://vancouver.ca/ENGSVCS/streets/design/enviro.htm  

• Green Streets and Adopt-A-Street Garden programs, http://vancouver.ca/engsvcs/streets/greenstreets/index.htm  
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Appendix II: 

LID Ordinances and Programs  

from Other Municipalities 
 
 
The following items have been included in this appendix: 
 

1. County of Los Angeles:  Low Impact Development Ordinance 
2. City of Ventura: Green Streets Matrix 

 
 
Additional resources on LID ordinances and programs can be found at these websites: 
 
Clean Air Cool Planet— website that lists community programs around the county with Green Building Ordinances. 
http://www.cleanair-coolplanet.org/for_communities/green_building_ordinances.php  
 
County of Los Angeles—   “Ordinances for Green Building, Low Impact Development and Drought-Tolerant Landscaping,” 
November 14, 2008.  http://planning.lacounty.gov/assets/upl/data/ord_green-building-final-ordinances.pdf  
 
City of Santa Monica— Energy & Green Building Programs.  New Green Building Ordinance. 
http://greenbuildings.smgov.net/index.html    
 
State of Maryland—  Maryland Stormwater Mangement Act of 2007.  Department of the Environment.  
http://www.mde.state.md.us/Programs/WaterPrograms/SedimentandStormwater/swm2007.asp 
 
Vermont League of Cities & Towns—    

• “Model Low Impact Development Stormwater Management Bylaw,” May 2008.  http://resources.vlct.org/u/o_LID-
secured.pdf 

• “Riparian Buffer Model Ordinance,” http://resources.vlct.org/u/o_riparianbuffer-secured.pdf  
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 County of Los Angeles: LID Ordinance 
 
The County’s Low Impact Development Ordinance was one of three “green” ordinances passed on 
October 7, 2008.  The text of the other two ordinances (Drought Tolerant Landscaping Ordinance and 
Green Building Ordinance) can be found at http://planning.lacounty.gov/assets/upl/data/ord_green-
building-final-ordinances.pdf. 
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County of Los Angeles: LID Ordinance 
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County of Los Angeles: LID Ordinance 
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County of Los Angeles: LID Ordinance 
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County of Los Angeles: LID Ordinance 
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County of Los Angeles: LID Ordinance 
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County of Los Angeles: LID Ordinance 
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City of Ventura:  Green Streets Matrix 
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City of Ventura:  Green Streets Matrix 
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Appendix III: 

Research on the Costs of LID 
 
 
EPA Fact Sheet:  Reducing Costs Through LID 
 
“Reducing Stormwater Costs through Low Impact Development (LID) Strategies and Practices”   
This fact sheet provides additional information about EPA’s report Reducing Stormwater Costs 
through Low Impact Development (LID) Strategies and Practices, EPA publication number 841-
F-07-006, December 2007.  Available online at 
http://www.epa.gov/owow/nps/lid/costs07/documents/factsheet-reducingstormwatercosts.pdf 
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WEST INFORMATION OFFICE 
San Francisco, Calif. 
 
For release Friday, March 1, 2013                                          13-396-SAN 
   
Technical information: (415) 625-2282                • BLSinfoSF@bls.gov                • www.bls.gov/ro9 
Media contact: (415) 625-2270  
 

 AVERAGE ENERGY PRICES, LOS ANGELES AREA–JANUARY 2013 
 
Gasoline prices averaged $3.749 a gallon in the Los Angeles area in January 2013, the U.S. Bureau of 
Labor Statistics reported today. Regional Commissioner Richard J. Holden noted that area gasoline 
prices were similar to last January when they averaged $3.747 per gallon. Los Angeles area households 
paid an average of 23.2 cents per kilowatt hour (kWh) of electricity in January 2013, up from 20.4 cents 
per kWh in January 2012. The average cost of utility (piped) gas at $1.013 per therm in January was 
similar to the $0.996 per therm spent last year. (Data in this release are not seasonally adjusted; 
accordingly, over-the-year-analysis is used throughout.)   
 
At $3.749 a gallon, Los Angeles area consumers paid 10.0 percent more than the $3.407 national 
average in January 2013. A year earlier, consumers in the Los Angeles area paid 8.7 percent more than 
the national average for a gallon of gasoline. The local price of a gallon of gasoline has exceeded the 
national average by more than six percent in the month of January in each of the past five years. (See 
chart 1.)     
 

 
 
 



- 2 - 

The 23.2 cents per kWh Los Angeles households paid for electricity in January 2013 was 79.8 percent 
more than the nationwide average of 12.9 cents per kWh. Last January, electricity costs were 59.4 
percent higher in Los Angeles compared to the nation. In the past five years, prices paid by Los Angeles 
area consumers for electricity exceeded the U.S. average by more than 42 percent in the month of 
January. (See chart 2.) 
 

 
 
Prices paid by Los Angeles area consumers for utility (piped) gas, commonly referred to as natural gas, 
were $1.013 per therm, similar to the national average in January 2013 ($0.996 per therm). A year 
earlier, area consumers also paid close to the same price per therm for natural gas compared to the 
nation. In three of the past five years, the per therm cost for natural gas in January in the Los Angeles 
area has been within three percent of the U.S. average. (See chart 3.) 
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The Los Angeles-Riverside-Orange County, Calif. metropolitan area consists of Los Angeles, Orange, 
Riverside, San Bernardino and Ventura Counties in California. 
 
 

Technical Note 
 
Average prices are estimated from Consumer Price Index (CPI) data for selected commodity series to 
support the research and analytic needs of CPI data users. Average prices for electricity, utility (piped) 
gas, and gasoline are published monthly for the U.S. city average, the 4 regions, the 3 population size 
classes, 10 region/size-class cross-classifications, and the 14 largest local index areas. For electricity, 
average prices per kilowatt-hour (kWh) and per 500 kWh are published. For utility (piped) gas, average 
prices per therm, per 40 therms, and per 100 therms are published. For gasoline, the average price per 
gallon is published. Average prices for commonly available grades of gasoline are published as well as 
the average price across all grades. 
 
Price quotes for 40 therms and 100 therms of utility (piped) gas and for 500 kWh of electricity are 
collected in sample outlets for use in the average price programs only. Since they are for specified 
consumption amounts, they are not used in the CPI. All other price quotes used for average price 
estimation are regular CPI data. 
 
With the exception of the 40 therms, 100 therms, and 500 kWh price quotes, all eligible prices are 
converted to a price per normalized quantity. These prices are then used to estimate a price for a defined 
fixed quantity.  
 
The average price per kilowatt-hour represents the total bill divided by the kilowatt-hour usage. The 
total bill is the sum of all items applicable to all consumers appearing on an electricity bill including, but 
not limited to, variable rates per kWh, fixed costs, taxes, surcharges, and credits.  This calculation also 
applies to the average price per therm for utility (piped) gas. 
 
Information from this release will be made available to sensory impaired individuals upon request. 
Voice phone: 202-691-5200, Federal Relay Services: 800-877-8339. 
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Los Angeles 
area

United States Los Angeles 
area

United States Los Angeles 
area

United States

2012

January $3.747 $3.447 $0.204 $0.128 $0.996 $1.021

February 4.013 3.622 0.204 0.128 0.931 0.986

March 4.394 3.918 0.204 0.127 0.931 0.978

April 4.257 3.976 0.204 0.127 0.883 0.951

May 4.333 3.839 0.204 0.129 0.978 0.907

June 4.037 3.602 0.193 0.135 1.054 0.927

July 3.800 3.502 0.193 0.133 1.053 0.943

August 4.073 3.759 0.193 0.133 1.072 0.960

September 4.175 3.908 0.193 0.133 1.027 0.953

October 4.499 3.839 0.211 0.128 1.052 0.962

November 3.924 3.542 0.211 0.127 0.995 0.994

December 3.677 3.386 0.211 0.127 1.042 1.004

2013

January 3.749 3.407 0.232 0.129 1.013 0.996

Gasoline per gallon Electricity per kWh

Table 1. Average prices for gasoline, electricty, and utility (piped) gas, Los Angeles-Riverside-

Orange County and the United States, January 2012-January 2013, not seasonally adjusted

Year and month

Utillity (piped) gas per therm
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Figure 6-4. Estimated Likelihood of SWP Table A Water Deliveries (Existing Conditions) 

 

Table 6-3. Estimated Average and Dry-Period Deliveries of SWP Table A Water (Existing Conditions),   
in Thousand Acre-Feet (Percent of Maximum SWP Table A Amount, 4,133 taf/year) 

 Long-term 
Average 

Single Dry Year 
(1977) 

2-Year Drought 
(1976–1977) 

4- Year Drought 
(1931–1934) 

6-Year Drought 
(1987–1992) 

6-Year Drought 
(1929–1934) 

2009 Report 2,483 (60%) 302 (7%) 1,496 (36%) 1,402 (34%) 1,444 (35%) 1,398 (34%) 

2011 Report 2,524 (61%) 380 (9%) 1,573 (38%) 1,454 (35%) 1,462 (35%) 1,433 (35%) 

 

 

Table 6-4. Estimated Average and Wet-Period Deliveries of SWP Table A Water (Existing Conditions), 
in Thousand Acre-Feet (Percent of Maximum SWP Table A Amount, 4,133 taf/year) 

 Long-term 
Average 

Single Wet Year 
(1983) 

2-Year Wet 
(1982–1983) 

4-Year Wet 
(1980–1983) 

6-Year Wet 
(1978–1983) 

10-Year Wet 
(1978–1987) 

2009 Report 2,483 (60%) 2,813 (68%) 2,935 (71%) 2,817 (68%) 2,817 (68%) 2,872 (67%) 

2011 Report 2,524 (61%) 2,886 (70%) 2,958 (72%) 2,872 (69%) 2,873 (70%) 2,833 (69%) 
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Note to Readers 
 
This report for West Basin Municipal Water District is an update and revision of an analysis and report 
by Robert Wilkinson, Fawzi Karajeh, and Julie Mottin (Hannah) conducted in April 2005.  The earlier 
report, Water Sources “Powering” Southern California: Imported Water, Recycled Water, Ground 
Water, and Desalinated Water, was undertaken with support from the California Department of Water 
Resources, and it examined the energy intensity of water supply sources for both West Basin and 
Central Basin Municipal Water Districts.  This analysis focuses exclusively on West Basin, and it 
includes new data for ocean desalination based on new engineering developments that have occurred 
over the past year and a half.   
 
 
 
Principal Investigator: Robert C. Wilkinson, Ph.D. 
 
Dr. Wilkinson is Director of the Water Policy Program at the Donald Bren School of Environmental 
Science and Management, and Lecturer in the Environmental Studies Program, at the University of 
California, Santa Barbara.  His teaching, research, and consulting focuses on water policy, climate 
change, and environmental policy issues.  Dr. Wilkinson advises private sector entities and government 
agencies in the U.S. and internationally.  He currently served on the public advisory committee for 
California’s 2005 State Water Plan, and he represented the University of California on the Governor’s 
Task Force on Desalination.   
Contact: wilkinson@es.ucsb.edu  
 
 
 
 

 
 
 
 
 

West Basin Municipal Water District 
 
 
Contact: Richard Nagel, General Manager 
 West Basin Municipal Water District 
 17140 South Avalon Boulevard, Suite 210 
 Carson, CA 90746 
 (310) 217 2411 phone, (310) 217-2414 fax 
 richn@westbasin.org 
 
West Basin Municipal Water District www.westbasin.org 
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Overview 
 
 
Southern California relies on imported and local water supplies for both potable and non-potable uses.  
Imported water travels great distances and over significant elevation gains through both the California 
State Water Project (SWP) and Colorado River Aqueduct (CRA) before arriving in Southern 
California, consuming a large amount of energy in the process.  Local sources of water often require 
less energy to provide a sustainable supply of water.  Three water source alternatives which are found 
or produced locally and could reduce the amount of imported water are desalinated ocean water, 
groundwater, and recycled water.  Groundwater and recycled water are significantly less energy 
intensive than imports, while ocean desalination is getting close to the energy intensity of imports. 
 
Energy requirements vary considerably between these four water sources.  All water sources require 
pumping, treatment, and distribution.  Differences in energy requirements arise from the varying 
processes needed to produce water to meet appropriate standards.  This study examines the energy 
needed to complete each process for the waters supplied by West Basin Municipal Water District 
(West Basin).  
 
Specific elements of energy inputs examined in this study for each water source are as follows:   

• Energy required to import water includes three processes: pumping California SWP and CRA 
supplies to water providers; treating water to applicable standards; and distributing it to 
customers.  

• Desalination of ocean water includes three basic processes: 1) pumping water from the ocean 
or intermediate source (e.g. a powerplant) to the desalination plant; 2) pre-treating and then 
desalting water including discharge of concentrate; and 3) distributing water from the 
desalination plant to customers.  

• Groundwater usage requires energy for three processes: pumping groundwater from local 
aquifers to treatment facilities; treating water to applicable standards; and distributing water 
from the treatment plant to customers.  Additional injection energy is sometimes needed for 
groundwater replenishment. 

• Energy required to recycle water includes three processes: pumping water from secondary 
treatment plants to tertiary treatment plants; tertiary treatment of the water, and distributing 
water from the treatment plant to customers. 

 
The energy intensity results of this study are summarized in the table on the following page.  They 
indicate that recycled water is among the least energy-intensive supply options available, followed by 
groundwater that is naturally recharged and recharged with recycled water.  Imported water and ocean 
desalination are the most energy intensive water supply options in California.  East Branch State Water 
Project water is close in energy intensity to desalination figures based on current technology, and at 
some points along the system, SWP supplies exceed estimated ocean desalination energy intensity. The 
following table identifies energy inputs to each of the water supplies including estimated energy 
requirements for desalination. Details describing the West Basin system operations are included in the 
water source sections.  Note that the Title 22 recycled water energy figure reflects only the marginal 
energy required to treat secondary effluent wastewater which has been processed to meet legal 
discharge requirements, along with the energy to convey it to user
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Energy Intensity of Water Supplies for 
West Basin Municipal Water District 

 
 

 af/yr 

Percentage of 
Total Source 

Type 

kWh/af  
Conveyance 

Pumping 

kWh/af 
MWD 

Treatment 

kWh/af  
Recycled 
Treatment 

kWh/af  
Groundwater 

Pumping 

kWh/af 
Groundwater 

Treatment 
kWh/af 

Desalination 

kWh/af  
WBMWD 

Distribution 
Total  

kWh/af 
Total 

kWh/year 
Imported Deliveries             
State Water Project (SWP) 1 57,559 43% 3,000 44 NA NA NA NA 0 3,044 175,209,596 
Colorado River Aqueduct (CRA) 1 76,300 57% 2,000 44 NA NA NA NA 0 2,044 155,957,200 
(other that replenishment water)            

             
Groundwater2            
natural recharge 19,720 40% NA NA NA 350 0 NA 0 350 6,902,030 
replenished with (injected) SWP water 1 9,367 19% 3,000 44 NA 350 0 NA 0 3,394 31,791,598 
replenished with (injected) CRA water 1 11,831 24% 2,000 44 NA 350 0 NA 0 2,394 28,323,432 
replenished with (injected) recycled water 8,381 17% 205 0 790 350 0 NA 220 1,565 13,116,278 
            
Recycled Water            
West Basin Treatment, Title 22 21,506 60% 205 NA 0 NA NA NA 285 490 10,537,940 
West Basin Treatment, RO 14,337 40% 205 NA 790 NA NA NA 285 1,280 18,351,360 
 
Ocean Desalination 20,000 100% 200 NA NA NA NA 3,027 460 3,687 82,588,800 

 
Notes: 

NA  Not applicable 
1 Imported water based on percentage of CRA and SWP water MWD received, averaged over an 11-year period.  Note that the figures for imports do not include an accounting 

for system losses due to evaporation and other factors.  These losses clearly exist, and an estimate of 5% or more may be reasonable.  The figures for imports above should 
therefore be understood to be conservative (that is, the actual energy intensity is in fact higher for imported supplies than indicated by the figures).  

2 Groundwater values include entire basin, West Basin service area covers approximately 86% of the basin. Groundwater values are specific to aquifer characteristics, 
including depth, within the basin. 
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Energy Intensity of Water 
 
 
Water treatment and delivery systems in California, including extraction of “raw water” supplies 
from natural sources, conveyance, treatment and distribution, end-use, and wastewater collection and 
treatment, account for one of the largest energy uses in the state.1  The California Energy 
Commission estimated in its 2005 Integrated Energy Policy Report that approximately 19% of 
California’s electricity is used for water related purposes including delivery, end-uses, and 
wastewater treatment.2  The total energy embodied in a unit of water (that is, the amount of energy 
required to transport, treat, and process a given amount of water) varies with location, source, and 
use within the state.  In many areas, the energy intensity may increase in the future due to limits on 
water resource extraction, and regulatory requirements for water quality, and other factors.3  
Technology improvements may offset this trend to some extent. 
 

 
 Energy intensity is the total amount of energy, calculated on a whole-system  
 basis, required for the use of a given amount of water in a specific location. 
 

 
 
 
The Water-Energy Nexus 
 
Water and energy systems are interconnected in several important ways in California.  Water 
systems both provide energy – through hydropower – and consume large amounts of energy, mainly 
through pumping.  Critical elements of California’s water infrastructure are highly energy-intensive.  
Moving large quantities of water long distances and over significant elevation gains, treating and 
distributing it within the state’s communities and rural areas, using it for various purposes, and 
treating the resulting wastewater, accounts for one of the largest uses of electrical energy in the 
state.4   

Improving the efficiency with which water is used provides an important opportunity to increase 
related energy efficiency.  (“Efficiency” as used here describes the useful work or service provided 
by a given amount of water.)  Significant potential economic as well as environmental benefits can 
be cost-effectively achieved in the energy sector through efficiency improvements in the state’s 
water systems and through shifting to less energy intensive local sources.  The California Public 
Utilities Commission is currently planning to include water efficiency improvements as a means of 
achieving energy efficiency benefits for the state.5 

 
 
Overview of Energy Inputs to Water Systems  

There are four principle energy elements in water systems: 
 

1. primary water extraction and supply delivery (imported and local) 
2. treatment and distribution within service areas 
3. on-site water pumping, treatment, and thermal inputs (heating and cooling) 
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4. wastewater collection, treatment, and discharge 
 
Pumping water in each of these four stages is energy-intensive.  Other important components of 
embedded energy in water include groundwater pumping, treatment and pressurization of water 
supply systems, treatment and thermal energy (heating and cooling) applications at the point of end-
use, and wastewater pumping and treatment.6 
 

1.  Primary water extraction and supply delivery 
Moving water from near sea-level in the Sacramento-San Joaquin Delta to the San 
Joaquin-Tulare Lake Basin, the Central Coast, and Southern California, and from the 
Colorado River to metropolitan Southern California, is highly energy intensive.  
Approximately 3,236 kWh is required to pump one acre-foot of SWP water to the end 
of the East Branch in Southern California, and 2,580 kWh for the West Branch.  About 
2,000 kWh is required to pump one acre foot of water through the CRA to southern 
California.7  Groundwater pumping also requires significant amounts of energy 
depending on the depth of the source.  (Data on groundwater is incomplete and 
difficult to obtain because California does not systematically manage groundwater 
resources.) 
 
2.  Treatment and distribution within service areas  
Within local service areas, water is treated, pumped, and pressurized for distribution.  
Local conditions and sources determine both the treatment requirements and the 
energy required for pumping and pressurization. 
 
3.  On-site water pumping, treatment, and thermal inputs 
Individual water users use energy to further treat water supplies (e.g. softeners, filters, 
etc.), circulate and pressurize water supplies (e.g. building circulation pumps), and 
heat and cool water for various purposes.  
 
4.  Wastewater collection, treatment, and discharge 
Finally, wastewater is collected and treated by a wastewater authority (unless a septic 
system or other alternative is being used).  Wastewater is often pumped to treatment 
facilities where gravity flow is not possible, and standard treatment processes require 
energy for pumping, aeration, and other processes.  (In cases where water is 
reclaimed and re-used, the calculation of total energy intensity is adjusted to account 
for wastewater as a source of water supply.  The energy intensity generally includes 
the additional energy for treatment processes beyond the level required for 
wastewater discharge, plus distribution.)   
 
 

The simplified flow chart below illustrates the steps in the water system process.  A spreadsheet 
computer model is available to allow cumulative calculations of the energy inputs embedded at each 
stage of the process.  This methodology is consistent with that applied by the California Energy 
Commission in its analysis of the energy intensity of water. 
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Simplified Flow Diagram of Energy Inputs to Water Systems 

 

Source

Extraction Conveyance Storage Treatment
Groundwater or Canals and Intermediate storage Potable 

surface water pumping aqueducts (surface or groundwater)

Distribution

Recycled Water Recycled Water
Treatment Distribution End Uses

Urban (M&I)
Agriculture

Wastewater Wastewater Wastewater (heating, cooling, pumping,

Discharge Treatment Collection on-site treatment, etc.)
to receiving waters to minimum discharge Lift Stations and

 levels conveyance to 
treatment facilities

Source
 

Source: Robert Wilkinson, UCSB8 

 
 
 
Calculating Energy Intensity 

 
Total energy intensity, or the amount of energy required to facilitate the use of a given amount of 
water in a specific location, may be calculated by accounting for the summing the energy 
requirements for the following factors: 
 

• imported supplies 
• local supplies 
• regional distribution 
• treatment  
• local distribution  
• on-site thermal (heating or cooling)  
• on-site pumping  
• wastewater collection  
• wastewater treatment 
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Water pumping, and specifically the long-distance transport of water in conveyance systems, is a 
major element of California’s total demand for electricity as noted above.  Water use (based on 
embedded energy) is the next largest consumer of electricity in a typical Southern California home 
after refrigerators and air conditioners.  Electricity required to support water service in the typical 
home in Southern California is estimated at between 14% to 19% of total residential energy 
demand. 9  If air conditioning is not a factor the figure is even higher.  Nearly three quarters of this 
energy demand is for pumping imported water. 
  
 
Interbasin Transfers 
 
Some of California’s water systems are uniquely energy-intensive, relative to national averages, due 
to the pumping requirements of major conveyance systems which move large volumes of water long 
distances and over thousands of feet in elevation lift.  Some of the interbasin transfer systems 
(systems that move water from one watershed to another) are net energy producers, such as the San 
Francisco and Los Angeles aqueducts.  Others, such as the SWP and the CRA require large amounts 
of electrical energy to convey water.  On average, approximately 3,000 kWh is necessary to pump 
one AF of SWP water to southern California,10 and 2,000 kWh is required to pump one AF of water 
through the CRA to southern California.11   
 
Total energy savings for reducing the full embedded energy of marginal (e.g. imported) supplies of 
water used indoors in Southern California is estimated at about 3,500 kWh/af.12  Conveyance over 
long distances and over mountain ranges accounts for this high marginal energy intensity.  In 
addition to avoiding the energy and other costs of pumping additional water supplies, there are 
environmental benefits through reduced extractions from stressed ecosystems such as the delta. 
 
 
 
 
 

Imported Water: 
The State Water Project and the Colorado River Aqueduct 

 
 

Water diversion, conveyance, and storage systems developed in California in the 20th century are 
remarkable engineering accomplishments.  These water works move millions of AF of water around 
the state annually.  The state’s 1,200-plus reservoirs have a total storage capacity of more than 42.7 
million acre feet (maf).13  West Basin receives imported water from Northern California through the 
State Water Project and Colorado River water via the Colorado River Aqueduct.  The Metropolitan 
Water District of Southern California delivers both of these imported water supplies to the West 
Basin. 
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California’s Major Interbasin Water Projects 
 

 

 
 
 
 
The State Water Project 
 
The State Water Project (SWP) is a state-owned system.  It was built and is managed by the 
California Department of Water Resources (DWR).  The SWP provides supplemental water for 
agricultural and urban uses.14   SWP facilities include 28 dams and reservoirs, 22 pumping and 
generating plants, and nearly 660 miles of aqueducts.15  Lake Oroville on the Feather River, the 
project’s largest storage facility, has a total capacity of about 3.5 maf.16  Oroville Dam is the tallest 
and one of the largest earth-fill dams in the United States.17   
 
Water is pumped out of the delta for the SWP at two locations.  In the northern Delta, Barker Slough 
Pumping Plant diverts water for delivery to Napa and Solano counties through the North Bay 
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Aqueduct.18   Further south at the Clifton Court Forebay, water is pumped into Bethany Reservoir by 
the Banks Pumping Plant.  From Bethany Reservoir, the majority of the water is conveyed south in 
the 444-mile-long Governor Edmund G. Brown California Aqueduct to agricultural users in the San 
Joaquin Valley and to urban users in Southern California.  The South Bay Pumping Plant also lifts 
water from the Bethany Reservoir into the South Bay Aqueduct. 19  
 
The State Water Project is the largest consumer of electrical energy in the state, requiring an average 
of 5,000 GWh per year.20  The energy required to operate the SWP is provided by a combination of 
DWR’s own hydroelectric and other generation plants and power purchased from other utilities. The 
project’s eight hydroelectric power plants, including three pumping-generating plants, and a coal-
fired plant produce enough electricity in a normal year to supply about two-thirds of the project's 
necessary power.  
 
Energy requirements would be considerably higher if the SWP was delivering full contract volumes 
of water.  The project delivered an average of approximately 2.0 mafy, or half its contracted 
volumes, throughout the 1980s and 1990s.21  Since 2000 the volumes of imported water have 
generally increased. 
 
The following map indicates the location of the pumping and power generation facilities on the 
SWP. 
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Names and Locations of Primary State Water Delivery Facilities 
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The following schematic shows each individual pumping unit on the State Water Project, along with 
data for both the individual and cumulative energy required to deliver an AF of water to that point in 
the system.  Note that the figures include energy recovery in the system, but they do not account for 
losses due to evaporation and other factors.  These losses may be in the range of 5% or more.  While 
more study of this issue is in order, it is important to observe that the energy intensity numbers are 
conservative (e.g. low) in that they assume that all of the water originally pumped from the delta 
reaches the ends of the system without loss. 
 
 

State Water Project 
Kilowatt-Hours per Acre Foot Pumped 

(Includes Transmission Losses) 
 

 
 
 
 
Source: Wilkinson, based on data from: California Department of Water Resources, State Water Project Analysis Office, Division of Operations 
and Maintenance, Bulletin 132-97, 4/25/97. 

 

All figures: kWh/AF
Top figure = cumulative energy
Lower Figure = facility energy Devil Canyon 

Mojave Siphon Variable
Pearblossom 4,349 3,236
4,444 -95 -1,113

703

H.O. Banks Dos Amigos Buena Vista Wheeler Ridge Wind Gap A.D. Edmonston Alamo
296 434 676 971 1,610 3,846 3,741
296 138 242 295 639 2,236 -105

South Bay Las Perillas
1,093 511
797 77

San Luis Variable
Pumping (169-523) Badger Hill Oso W.E. Warne Castaic
Generating (105-287) 711 4,126 3,553 2,580

Del Valle 200 280 -573 -973
1,165
72

Devil's Den Bluestone Polonio
1,416 2,121 2,826
705 705 705
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Figure 1. San Gabriel River Watershed Impaired Reaches 
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Figure 2. Land Use Distribution in the San Gabriel River Watershed 
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N 
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Figure 3. Flow Gauge Stations the San Gabriel River watershed 
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Figure 4. Flows at USGS Station 11085000 in San Gabriel River Reach 3 (1990-2005) 
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Figure 5. Flows at LACDPW Station F354-R in Coyote Creek (1990-2005) 
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Figure 6. Total vs. Dissolved Lead in San Gabriel River Storm Water 
(LADPW, 1997-2005) 
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Figure 7. Total vs. Dissolved Copper in Coyote Creek Storm Water 
(LADPW, 1997-2005) 
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Figure 8.  Total vs. Dissolved Lead in Coyote Creek Storm Water 

(LADPW 1997-2005)
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Figure 9.  Total vs. Dissolved Zinc in Coyote Creek Storm Water

(LADPW, 1997-2005)


900 

800 

700 

600 

500 

400 

300 

200 

100 

0 

y = 0.978x 

y = 0.78x 
R2 = 0.73 

0 100 200 300 400 500 600 700 800 900 

Total Zn concentrations (ug/L) 

NDs not used in regression 
CTR default ACF 
Total vs dissolved Zn 



Total Maximum Daily Loads for Metals and Selenium 
San Gabriel River and Impaired Tributaries 

Figure 10. Subwatershed Delineation for the San Gabriel River Watershed 
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Figure 11. San Gabriel River Estuary Cross-sections and Channel Plan 
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Figure 12. Municipalities Located in the San Gabriel River Watershed 
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Figure 13.a. Estimated Lead Reductions to Meet Wet-Weather Grouped Storm Water 
Waste Load Allocations for San Gabriel River Reach 2 and Upstream Reaches and 
Tributaries. 
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Load Reduction Wasteload Allocation Load Capacity 

Computed Load Indicators: Value Units 
Total Storms Over 12-Year Period 262 none 
Total Below Load Capacity Curve: 485,461 kg 
Existing Condition (Red and Blue) 34,453 kg 
Existing Load Below Load Capacity Curve (Blue): 34,453 kg 
Existing Load Above Load Capacity Curve (Red): 0 kg 
TMDL Wasteload Reduction: 0.0% none 
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Figure 13b. Estimated Copper Reductions to Meet Wet-Weather Grouped Storm 
Water Waste Load Allocations for Coyote Creek and Tributaries. 
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Load Reduction Wasteload Allocation Load Capacity 

Computed Load Indicators: Value Units 
Total Storms Over 12-Year Period 283 none 
Total Below Load Capacity Curve: 14,173 kg 
Existing Condition (Red and Blue) 58,304 kg 
Existing Load Below Load Capacity Curve (Blue): 13,159 kg 
Existing Load Above Load Capacity Curve (Red): 45,145 kg 
TMDL Wasteload Reduction: 77.4% none 
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Figure 13.c. Estimated Lead Reductions to Meet Wet-Weather Grouped Storm Water 
Waste Load Allocations for Coyote Creek and Tributaries. 
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Load Reduction Wasteload Allocation Load Capacity 

Computed Load Indicators: Value Units 
Total Storms Over 12-Year Period 283 none 
Total Below Load Capacity Curve: 84,729 kg 
Existing Condition (Red and Blue) 33,879 kg 
Existing Load Below Load Capacity Curve (Blue): 28,464 kg 
Existing Load Above Load Capacity Curve (Red): 5,415 kg 
TMDL Wasteload Reduction: 16.0% none 
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Figure 13.d. Estimated Zinc Reductions to Meet Wet-Weather Grouped Storm Water 
Waste Load Allocations for Coyote Creek and Tributaries. 
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Load Reduction Wasteload Allocation Load Capacity 

Computed Load Indicators: Value Units 
Total Storms Over 12-Year Period 283 none 
Total Below Load Capacity Curve: 120,991 kg 
Existing Condition (Red and Blue) 440,298 kg 
Existing Load Below Load Capacity Curve (Blue): 112,130 kg 
Existing Load Above Load Capacity Curve (Red): 328,168 kg 
TMDL Wasteload Reduction: 74.5% none 
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Chapter 4 
PAST, CURRENT, AND PROJECTED WATER USE [Section 10631(e)] 

 
(1) Quantify, to the extent records are available, past and current water use, over the same five-year increments 

described in subdivision (a), and projected water use, identifying the uses among water use sectors including, 
but no necessarily limited to, all of the following uses: 

(A) Single-family residential. 
(B) Multifamily. 
(C) Commercial. 
(D) Industrial. 
(E) Institutional and governmental. 
(F) Landscape. 
(G) Sales to other agencies. 
(H) Saline water intrusion barriers, groundwater replenishment, or conjunctive use, or any combination 

thereof. 
(I) Agricultural 

 (2)   The water use projections shall be in the same five-year increments described in subdivision  (a) 
 

 

4.1 BACKGROUND 
  The Act requires an estimate of past, current and projected water use and, to the extent 

available, segregates such uses among residential, industrial, commercial and governmental 

customers.  San Gabriel District currently supplies water only for groundwater replenishment to fulfill 

its Replacement Water obligations, and to a Cyclic Storage account.  Segregation of water sales into 

residential, industrial, commercial, and governmental uses of San Gabriel District water cannot be 

made.  However, records of water deliveries from San Gabriel District member agencies are 

discussed in each of the member agency’s Plans.  San Gabriel District’s water sales are segregated 

into Replacement Water deliveries under the Main Basin Judgment and cyclic storage deliveries.  It is 

expected the current types of water sales by San Gabriel District will continue into the foreseeable 

future.  There are no other current or projected types of water uses.  However, the quantities of water 

sales in each category will vary from year to year.  In addition, there are no sales to agencies other 

than the Basin Watermaster described in Chapter 3.2.2. 

 

4.2 PAST AND CURRENT WATER USE 
 
  San Gabriel District is a wholesale supplier. It has no Single Family, Multifamily, 

Commercial, Industrial, Institutional/Governmental, Landscape or other retail customers. 
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  Imported Supplemental Water is delivered by San Gabriel District for only groundwater 

replenishment through San Gabriel District’s transmission pipeline and turnouts.  Table 3 presents 

historical annual quantities of San Gabriel District water, delivered from fiscal year 1974-75 through 

2008-09.  San Gabriel District delivers State Water Project (SWP) water for groundwater 

replenishment. All water delivered is purchased from the SWP as managed by the California 

Department of Water Resources. SWP is the sole source of water for the District. 

  San Gabriel District normally utilizes its Cyclic Storage account to pre-deliver its 

Replacement Water Requirements to the Main Basin.  Water delivered to the Main Basin and credited 

to San Gabriel District’s Cyclic Storage account is then available to meet San Gabriel District’s 

member agencies’ future Replacement Water obligation.   

  When Replacement Water deliveries are required, that requirement may be made by 

transfer of water from San Gabriel District’s Cyclic Storage account or by direct delivery of imported 

supplemental water to the Main Basin.  Table 4 presents a summary of annual accounting in San 

Gabriel District‘s Cyclic Storage Account.  Cyclic Storage credits and debits are shown along with the 

accumulated balance. 

 

4.3 PROJECTED WATER USE 
  San Gabriel District has developed estimates of its member agencies’ projected water 

use, which were compared to future annual production rights based upon each member agency’s 

share of the Operating Safe Yield and water rights held in other groundwater basins (Raymond 

Basin). Water use projections to be made for ”lower income households” will be determined by San 

Gabriel District’s member agencies based on their retail customers. Where projected production 

exceeds production rights then a supplemental water requirement is incurred. Such a comparison 

was made using an Operating Safe Yield of 200,000 acre-feet (historic average) as shown on Table 

2. The current and projected supplemental water requirement for San Gabriel District is shown on 

Table 5. 
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4-4 WATER QUALITY 

while the Basin states continue to develop 
their 1922 Colorado River Compact-
apportioned water supply.  The Forum 
selected three stations on the main stream of 
the lower Colorado River as appropriate 
points to measure the river’s salinity.  These 
stations and numeric criteria are (1) below 
Hoover Dam, 723 mg/l; (2) below Parker Dam, 
747 mg/l; and (3) at Imperial Dam, 879 mg/l.  
The numeric criteria are flow-weighted 
average annual salinity values. 

By some estimates, concentrations of salts in 
the Colorado River cause approximately 
$353 million in quantified damages in the 
lower Basin each year.  The salinity control 
program has proven to be very successful 
and cost-effective.  Salinity control projects 
have reduced salinity concentrations of 
Colorado River water on average by over 
100 mg/L or $264 million per year (2005 
dollars) in avoided damages. 

During the high water flows of 1983-1986, 
salinity levels in the CRA dropped to a historic 
low of 525 mg/L.  However, during the 1987-
1992 drought, higher salinity levels of 600 to 
650 mg/L returned.  TDS in Lake Havasu was 
measured at 628 mg/L in November 2009. 

State Water Project 

Water supplies from the SWP have 
significantly lower TDS concentrations than 
the Colorado River, averaging approximately 
250 mg/L in water supplied through the East 
Branch and 325 mg/L on the West Branch 
over the long-term, with short term variability 
as a result of hydrologic conditions.2  Because 
of this lower salinity, Metropolitan blends SWP 
water with high salinity CRA water to reduce 
the salinity concentrations of delivered water.  
However, both the supply and the TDS 
concentrations of SWP water can vary 
significantly in response to hydrologic 
conditions in the Sacramento-San Joaquin 
watersheds.   

                                                 
2  The higher salinity in the West Branch deliveries is 
due to salt loadings from local streams, operational 
conditions, and evaporation at Pyramid and Castaic 
Lakes. 

As indicated above, the TDS concentrations 
of SWP water can vary widely over short 
periods of time.  These variations reflect 
seasonal and tidal flow patterns, and they 
pose an additional problem for use of 
blending as a management tool to lower the 
higher TDS from the CRA supply.  For example, 
in the 1977 drought, the salinity of SWP water 
reaching Metropolitan increased to 430 mg/L, 
and supplies became limited.  During this 
same event, salinity at the SWP’s Banks 
pumping plant exceeded 700 mg/L.  Under 
similar circumstances, Metropolitan’s 
500 mg/L salinity objective could only be 
achieved by reducing imported water from 
the CRA.  Thus, it may not always be possible 
to maintain both the salinity objective and 
water supply reliability unless salinity 
concentrations of source supplies can be 
reduced. 

A federal court ruling and a resulting 
biological opinion issued through consultation 
with U.S. Fish and Wildlife Service addressing 
the effects of the water supply pumping 
operations on Delta smelt has limited SWP 
exports at specified times of the year since 
December 2007.  These restrictions have 
increased reliance on higher salinity 
Colorado River water, impacting the ability at 
times to meet Metropolitan’s goal of 
500 mg/L TDS at its blend plants.  Drought 
conditions leading to lower SWP water supply 
allocations in recent years also affects 
Metropolitan’s ability to meet its salinity goal. 

TDS objectives in Article 19 of the SWP Water 
Service Contract specify a ten-year average 
of 220 mg/L and a maximum monthly 
average of 440 mg/L.  These objectives have 
not been met, and Metropolitan is working 
with DWR and other agencies on programs 
aimed at reducing salinity in Delta supplies.  
These programs aim to improve salinity on the 
San Joaquin River through modifying 
agricultural drainage and developing 
comprehensive basin plans.  In addition, 
studies are underway to evaluate the benefits 
in reduced salinity of modifying levees in 
Franks Tract and other flooded islands in the 
Delta, or by placing operable gates in 
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1. INTRODUCTION 

Segments of the San Gabriel River and its tributaries exceed water quality objectives for copper, 
lead, selenium, and zinc. These segments (i.e., reaches) of the San Gabriel River have been 
identified as impaired under Section 303(d) of the Clean Water Act. The Clean Water Act 
requires that Total Maximum Daily Loads (TMDLs) be developed to address these impairments. 
Table 1 summarizes the waterbody impairments that are addressed by these TMDLs.    

Table 1.  Waterbodies identified as impaired for metals in the San Gabriel River watershed  

Impaired Reach Copper Lead Zinc Selenium 

San Jose Creek Reach 1 X 

San Gabriel River Reach 2 X 

Coyote Creek X X X 

San Gabriel River Estuary X 

This document provides the background information used by the U.S. Environmental Protection 
Agency (EPA) and the California Regional Water Quality Control Board, Los Angeles Region 
(Los Angeles Regional Board) in the development of TMDLs for metals to the San Gabriel River 
Watershed. 

1.1 Regulatory Background 

Section 303(d) of the Clean Water Act (CWA) requires that each State “shall identify those 
waters within its boundaries for which the effluent limitations are not stringent enough to 
implement any water quality standard applicable to such waters.”  The CWA also requires states 
to establish a priority ranking for waters on the 303(d) list of impaired waters and establish 
TMDLs for such waters. 

The elements of a TMDL are described in 40 CFR 130.2 and 130.7 and Section 303(d) of the 
CWA, as well as in EPA guidance (U.S. EPA, 2000a).  A TMDL is defined as the “sum of the 
individual waste load allocations for point sources and load allocations for nonpoint sources and 
natural background” (40 CFR 130.2) such that the capacity of the waterbody to assimilate 
pollutant loadings (the Loading Capacity) is not exceeded.  A TMDL is also required to account 
for seasonal variations and include a margin of safety to address uncertainty in the analysis. 

States must develop water quality management plans to implement the TMDL (40 CFR 130.6).  
EPA has oversight authority for the 303(d) program and is required to review and either approve 
or disapprove the TMDLs submitted by states.  In California, the State Water Resources Control 
Board (State Board) and the nine Regional Water Quality Control Boards are responsible for 
preparing lists of impaired waterbodies under the 303(d) program and for preparing TMDLs, 
both subject to EPA approval.  If EPA disapproves a TMDL submitted by a state, EPA is 
required to establish a TMDL for that waterbody.  The regional boards also hold regulatory 
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authority for many of the instruments used to implement the TMDLs such as the National 
Pollutant Discharge Elimination System (NPDES) permits and state-specified Waste Discharge 
Requirements (WDRs). 

The Los Angeles Regional Board identified over 700 waterbody-pollutant combinations in the 
Los Angeles Region where TMDLs would be required (LARWCQB, 1996, 1998).  These are 
referred to as “listed” or “303(d) listed” waterbodies or waterbody segments.  A schedule for 
development of TMDLs in the Los Angeles Region was established in a consent decree approved 
on March 22, 1999 (Heal the Bay Inc., et al. v. Browner C 98-4825 SBA). 

For the purpose of scheduling TMDL development, the decree combined the over 700 
waterbody-pollutant combinations into 92 TMDL analytical units.  Analytical unit 39 was 
designed to address metals in the San Gabriel River watershed.  Under the consent decree, 
TMDLs are required to be established for metals in this analytical unit by March 2007.  The 
Regional Board public noticed these TMDLs on May 5, 2006 and adopted them on July 13, 
2006. However, because the State will not be able to complete its process for adopting these 
TMDLs and obtaining EPA approval in time to meet the consent decree deadline, EPA has 
agreed to establish them.   

Analytical unit 39 included impairments of lead in San Jose Creek Reach 2, arsenic in the San 
Gabriel River Estuary, and silver in Coyote Creek.  In 2002, California updated its 303(d) list 
and removed the listings for arsenic for the San Gabriel River Estuary and silver for Coyote 
Creek. Under the consent decree, TMDLs are not necessary for waterbody/pollutant 
combinations that have been delisted.  Therefore, these TMDLs do not address arsenic or silver. 
Additionally, on review of Analytical unit 39, it appears that the lead impairment was wrongly 
assigned to San Jose Creek Reach 2.  This was likely a typographical error in the consent decree 
as the lead impairment should have been assigned to San Gabriel River Reach 2 in order to be 
consistent with the 1998 list.  These TMDLs address the lead impairment in San Gabriel River 
Reach 2. 

The 303(d) list was updated again in 2006. The only current metals listings are for lead in San 
Gabriel River Reach 2 and for copper in Coyote Creek.  Additional impairments were identified 
during the preparation of these TMDLs. These include impairments for lead and zinc in Coyote 
Creek, for selenium in San Jose Creek Reach 1, and for copper in the estuary.  These 
impairments were identified by the State during the preparation of these TMDLs.  The Regional 
Board identified these segments as impaired and took public comment on the these 
determinations during its public review process. These metals TMDLs will address the new 
impairments as well as those listed formally in the 2006 303(d) list1. 

1 The 303(d) list was updated by California in 2004-2006 and submitted to EPA for approval under CWA 
303(d). All the waterbody-pollutant combinations addressed in these TMDLs were either included on 
California's 2004-2006 list and approved by EPA, or added by EPA to the list in its partial disapproval of 
March 8, 2007. As all these waterbody-pollutant combinations are on the 303(d) list, all require TMDLs. 
. 

2 Final: 3/26/07 



Total Maximum Daily Load for Metals and Selenium 
San Gabriel River and Impaired Tributaries 

1.2 Environmental Setting 

The San Gabriel River receives drainage from a 682 square mile area of eastern Los Angeles 
County and has a main channel length of approximately 58 miles. Its headwaters originate in the 
San Gabriel Mountains with the East, West, and North Forks. The river flows through a heavily 
developed commercial and industrial area before emptying into the Pacific Ocean in Long 
Beach. The main tributaries of the river are Walnut Creek, San Jose Creek, and Coyote Creek 
(LARWQCB, 2000). A map of the watershed is presented in Figure 1 and the predominant land 
uses are shown in Figure 2. 

Reach 5. The San Gabriel River Main Stem. The upper watershed consists of extensive areas of 
undisturbed riparian and woodland habitats in its upper reaches, much of which were set aside as 
wilderness areas by the U.S. Congress in 1968 as Public law 90-318, designating the San Gabriel 
Wilderness, within and as apart of the Angeles National Forest. Other areas in the upper 
watershed are subject to heavy recreational use. The upper watershed also contains a series of 
reservoirs with flood control dams (Cogswell, San Gabriel, and Morris Dams). Below Morris 
Dam, the river flows out of the San Gabriel Canyon and into the San Gabriel Valley.    

About four miles downstream from the mouth of the San Gabriel Canyon is the Santa Fe Dam 
and Reservoir flood control project. Los Angeles County Department of Public Works 
(LACDPW) operates and maintains the Santa Fe Reservoir Spreading Grounds through an 
easement with the United States Army Corps of Engineers (USACE). The spreading grounds 
recharge water to the Main San Gabriel Basin underlying the San Gabriel Valley and are 
bounded by the San Gabriel Mountains on the north, the Puente Hills on the south, the San Jose 
Hills to the east, and the San Rafael Hills to the west. Flow from the upper part of the watershed 
often does not get past the Santa Fe Dam and its spreading grounds. 

The Rio Hondo branches from the San Gabriel River just below Santa Fe Dam and flows 
westward to Whittier Narrows Reservoir. Flows from the San Gabriel River and Rio Hondo 
merge at this reservoir during larger flood events.  From Whittier Narrows Reservoir, the Rio 
Hondo flows southwestward towards the Los Angeles River. 

Reaches 3 and 4. The area between Santa Fe and Whittier Narrows Dam. The San Gabriel River 
between Santa Fe Dam and the Whittier Narrows Basin is soft-bottomed with riprap sides.  This 
area is used for infiltration and is primarily dry during most of the year. Reach 4 of the San 
Gabriel River runs from the Santa Fe Dam to Ramona Boulevard.  Reach 3 of the San Gabriel 
River runs from Ramona Boulevard to the Whittier Narrows Dam. 

Walnut Creek is a tributary to San Gabriel River Reach 3. Puddingstone Reservoir is located on 
upper Walnut Creek and is operated for flood control, water conservation, and recreation. 
Immediately below Puddingstone Reservoir, the creek is soft-bottomed. The rest of the creek is 
concrete lined until its confluence with the San Gabriel River. Walnut Creek also receives inputs 
from Big Dalton Wash. 

San Jose Creek enters San Gabriel River Reach 3 below Walnut Creek. The upper portion of San 
Jose Creek (Reach 2) extends from White Avenue to Temple Avenue. San Jose Creek Reach 1 
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extends from Temple Avenue to the confluence with the San Gabriel River. Tributaries to San 
Jose Creek Reach 1 include the South Fork, Diamond Bar Creek, and Puente Creek. The Pomona 
Water Reclamation Plant (WRP) discharges to the South Fork. San Jose Creek Reach 1 is 
concrete lined in its upper portion and soft bottomed just before it joins the San Gabriel River. 
The San Jose Creek WRP discharges to the soft-bottomed portion of the reach.  

Waters entering the mainstem from San Jose and Walnut Creeks may be diverted through 
Whittier Narrows area to the Los Angeles River.  Those waters remaining in the San Gabriel 
River will often recharge at the downstream spreading grounds. 

Whittier Narrows Dam. The Whittier Narrows are a natural gap in the hills along the southern 
boundary of the San Gabriel Valley. The Whittier Narrows Dam is a flood control and water 
conservation project constructed and operated by the USACE. The Rio Hondo and San Gabriel 
Rivers flow through Narrows and are impounded by the Dam. The purpose of the project is to 
collect upstream runoff and releases from the Santa Fe Dam for flood control and water 
conservation. If the inflow to the reservoir exceeds the groundwater recharge capacity of the 
spreading grounds or the storage capacity of the water conservation or flood control pools, water 
is released into the San Gabriel River. 

Reach 2. Below Whittier Narrows Dam. The Montebello Forebay is a recharge facility located 
immediately downstream of Whittier Narrows Dam and allows infiltration into the Central Basin 
aquifer. It runs from just below the Narrows to Firestone Boulevard (essentially all of Reach 2). 
Groundwater is recharged either by percolation through the unlined bottom of the river or by the 
diversion of water to the San Gabriel Coastal Basin Spreading Grounds by way of rubber dams. 
Water that is not captured in these spreading facilities flows to Reach 1 and the estuary.  

Reach 1 and Estuary. The Lower Watershed. The lower part of the river flows through a 
concrete-lined channel in a heavily urbanized portion of the county. Reach 1 extends from 
Firestone Boulevard to the Estuary, just above the confluence with Coyote Creek.  

Coyote Creek is a concrete-lined channel that flows along the Los Angeles/Orange County 
border. The upper portion of Coyote Creek is located in Orange County and is under the 
jurisdiction of the Santa Ana Regional Water Quality Control Board (SARWQCB). The Coyote 
Creek subwatershed is largely urbanized, but there are areas of open space in the upper 
watershed, which are mostly used for oil production. (SARWQCB, 2004). Coyote Creek joins 
the San Gabriel River above the tidal prism in Long Beach south of Willow Street. 

The Estuary is approximately 3.4 miles long with a soft bottom and concrete and riprap sides. 
The Estuary receives flow from San Gabriel Reach 1 and Coyote Creek, tidal exchange, and 
cooling water discharged from two power plants. 

1.3 Sections of this TMDL Report 

Sections 2 through 8 of this document are organized as follows: 

•	 Section 2: Problem Identification. This section reviews the metals data used to identify 
the waterbody as impaired under section 303(d) of the Clean Water Act, and summarizes 
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existing conditions using that evidence along with any new information acquired since 
the listing. This element identifies those reaches that fail to support all designated 
beneficial uses; the beneficial uses that are not supported for each reach; the water quality 
objectives designed to protect those beneficial uses; and, in summary, the evidence 
supporting the decision to list each reach, such as the number and severity of exceedances 
observed. 

•	 Section 3: Numeric Targets.  For these TMDLs, the numeric targets are based upon the 
water quality objectives described in the California Toxics Rule (CTR). 

•	 Section 4: Source Assessment.  This section estimates metals loadings from point 
sources and non-point sources to the San Gabriel River and listed tributaries.  

•	 Section 5: Linkage Analysis.  This analysis shows how the sources of metals 
compounds into the waterbody are linked to the observed conditions in the impaired 
waterbody. The linkage analysis addresses the critical conditions of stream flow, 
loading, and water quality parameters.   

•	 Section 6: TMDLs and Pollutant Allocations. This section identifies the total allowable 
loads that can be discharged without causing water quality exceedances.  Each pollutant 
source is allocated a quantitative load of metals that it can discharge without exceeding 
numeric targets.  Allocations are designed such that the waterbody will not exceed 
numeric targets for any of the compounds or related effects.  Allocations are based on 
critical conditions, so that the allocated pollutant loads may be expected to achieve water 
quality standards at all times.   

•	 Section 7: Implementation Recommendations.  This section describes the plans, 
regulatory tools, or other mechanisms by which the waste load allocations and load 
allocations may be achieved.  

•	 Section 8: Monitoring.  When the Regional Board adopted metals TMDLs for this 
watershed, they included a requirement for monitoring the waterbody to ensure that the 
water quality standards are attained.  They also describes special studies to address 
uncertainties in assumptions made in the development of these TMDLs and the process 
by which new information may be used to refine the TMDL.   
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2. PROBLEM IDENTIFICATION   

This section presents a review of the data used by the Los Angeles Regional Board to identify 
the San Gabriel River for metals. Where available, additional pertinent data were used to assess 
the condition of the watershed as impaired. 

2.1 Water Quality Standards 
California water quality standards consist of the following elements: 1) beneficial uses, 2) 
narrative and/or numeric water quality objectives, and 3) an antidegradation policy.  In 
California, beneficial uses are defined by the regional boards in their Water Quality Control 
Plans (Basin Plans).  Numeric and narrative objectives are designed to be protective of the 
beneficial uses specified in the Basin Plan. 

2.1.1 Beneficial Uses 
The Basin Plan for the Los Angeles Regional Board (LARWQCB, 1994) defines 22 beneficial 
uses for the San Gabriel River (Table 2-1).  These uses are recognized as existing (E), potential 
(P) or intermittent (I) uses. Metals loading to the San Gabriel River watershed may result in 
impairments of beneficial uses associated with aquatic life (WILD, WARM, COLD, RARE, 
EST, MAR, MIGR, SPWN, and WET) and water supply (MUN, IND, AGR, GWR, and PROC). 
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Table 2-1.  Beneficial uses in the San Gabriel River watershed. (LARWQCB, 1994) 

Reach MUN GWR REC1 REC2 WILD WARM COLD RARE WET IND AGR PROC IND SHELL NAV/ 
COMM 

EST/ 
MAR 

MIGR/ 
SPWN 

San Gabriel River 
Reach 5 (Mainstem) E E E E E E E E E E 

San Gabriel River 
Reach 4 (Santa Fe E E E E E E E E E E 
Dam to Ramona) 
San Gabriel River 
Reach 3 (Ramona to P1 I I2 I E I 
Whittier Narrows) 

Walnut Creek P1 I I2 I E I I 
San Jose Creek 
Reach 2 (Temple 
Street to P1 I P2 I E I 

I-10 at White Ave) 
San Jose Creek 
Reach 1 (Confluence P1 I P2 I E I 
to Temple Street) 
San Gabriel River  
Reach 2 (Whittier P1 I E2 E E I E P P 
Narrows to Firestone) 
San Gabriel River 
Reach 1 (Firestone to P1  E2 E P P 
Estuary) 

Coyote Creek P1  P2 I P P E P P 

Estuary E E E E E E P E E E 

1.  Use may be reviewed by SWRCB 
2.  Access restricted by LACDPW 

The Basin Plan for the Santa Ana Regional Board (SARWQCB, 1995) defines five beneficial 
uses for upper Coyote Creek (Table 2-2).  These uses are recognized as present or potential uses. 

Table 2-2.  Beneficial uses in upper Coyote Creek. (SARWQCB, 1995) 

Reach MUN AGR IND GWR REC1 REC2 COMM WARM COLD BIOL WILD RARE 
Coyote Creek x x x x x 
(within Santa Ana 
Regional Boundary) 

2.1.2. Water Quality Objectives 
Narrative water quality objectives are specified by the 1994 Los Angeles Regional Board Basin 
Plan. The following narrative objectives are most pertinent to the metals TMDL: 

Surface waters shall not contain concentrations of chemical constituents in amounts that 
adversely affect any designated beneficial use. 
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All waters shall be maintained free of toxic substances in concentrations that are toxic to or that 
produce detrimental physiological responses in human, plant, animal, or aquatic life. 

Toxic substances shall not be present at levels that will bioaccumulate in aquatic life resources 
to levels which are harmful to aquatic life or human health. 

The Los Angeles Regional Board’s narrative toxicity objective reflects and implements national 
policy set by Congress. The Clean Water Act states that, “it is the national policy that the 
discharge of toxic pollutants in toxic amounts be prohibited.”  (33 U.S.C. 1251(a)(3)). In 2000, 
EPA established numeric criteria for certain toxic pollutants, including the metals subject to 
these TMDLs, in the California Toxics Rule (CTR) (U.S. EPA 2000b). The federal water quality 
criteria established by the CTR serve as the numeric water quality objectives for the Los Angeles 
Region. The CTR criteria apply at all times during wet and dry weather to inland surface waters. 
(See, 40 CFR 131.38(a), (c)(1), and (d)(1).) There is no exception for wet-weather conditions. 
Aquatic life is present in wet weather conditions and the CTR is legally necessary to protect 
these uses. In high-volume, wet-weather conditions, if the concentration of a toxic pollutant in a 
water body exceeds the CTR criterion, the water body is toxic.  

The TMDLs for metals in the San Gabriel River are based on the CTR criteria for the protection 
of aquatic life. The CTR aquatic life criteria for copper (Cu), lead (Pb), selenium (Se), and zinc 
(Zn) are presented in Table 2-3. The aquatic life-based criteria will ensure that both the aquatic 
life and water supply beneficial uses for the San Gabriel River are protected. The CTR human 
health criterion for copper is less stringent than the aquatic life criteria. There are no CTR human 
health criteria for lead, selenium, or zinc, to compare with aquatic life criteria. However, the 
CTR aquatic life criteria are at least or more protective than the primary or secondary drinking 
water limits set forth in Title 22 of the California Code of Regulations. 

The CTR establishes short-term (acute) and long-term (chronic) aquatic life criteria for metals in 
both freshwater and saltwater. The acute criterion, defined in the CTR as the Criteria Maximum 
Concentration (CMC), equals the highest concentration of a pollutant to which aquatic life can 
be exposed for a short period of time (one hour) without deleterious effects. The chronic 
criterion, defined in the CTR as the Criteria Continuous Concentration (CCC), equals the highest 
concentration of a pollutant to which aquatic life can be exposed for an extended period of time 
(4 days) without deleterious effects. The criteria for copper, lead and zinc in freshwater and 
saltwater and the criterion for selenium in saltwater are based on the dissolved fraction of metals 
in water. The criterion for selenium in freshwater is based on the total recoverable fraction. 

Freshwater criteria apply to waters in which the salinity is equal to or less than 1 part per 
thousand (ppt) 95 percent or more of the time.  Saltwater criteria apply to waters in which 
salinity is equal to or greater than 10 ppt 95 percent or more of the time.  For waters in which the 
salinity is between 1 and 10 ppt, the more stringent of the two criteria apply. 

8 Final: 3/26/07 



Total Maximum Daily Load for Metals and Selenium 
San Gabriel River and Impaired Tributaries 

Table 2-3.  Water quality objectives established in the California Toxic Rule (CTR).  Values in table are 
based on a hardness value of 100 mg/l as CaCO3. (U.S. EPA, 2000b) 

Metal Freshwater 
Chronic (μg/l) 

Freshwater 
Acute (μg/l) 

Saltwater 
Chronic (μg/l) 

Saltwater Acute 
(μg/l) 

Copper  9* 13* 3.1 4.8 
Lead  2.5* 65* 8.1 210 
Selenium  5** Reserved 71 290 

Zinc 120* 120* 81 90 


 *Freshwater criteria for dissolved copper, lead, and zinc are hardness dependent. 
**Freshwater criterion for selenim is for total recoverable metals 

The CTR allows for the adjustment of freshwater and saltwater criteria with a water-effect ratio 
(WER) to account for site-specific chemical conditions. A WER represents the ratio of metals 
that are measured to metals that are biologically available and toxic to aquatic life. A WER is a 
measure of the toxicity of a material in site water divided by the toxicity of the same material in 
laboratory dilution water.  The adjusted criteria are equal to the values in Table 2-3 multiplied by 
a WER. No site-specific WER has been developed for the San Gabriel River; therefore, a WER 
default value of 1.0 is assumed. 

The freshwater criteria for copper, lead, and zinc are expressed as a function of hardness.  
Increasing hardness generally has the effect of decreasing the toxicity of metals. The CTR lists 
criteria based on a hardness value of 100 mg/L as CaCO3 (Table 2-3) and provides hardness 
dependent equations to calculate the criteria using site-specific hardness data (up to 400 mg/L as 
CaCO3), as follows: 

CMC = WER * ACF * EXP[(ma)(ln(hardness)+ba] Equation (1) 
CCC = WER * CCF * EXP[(mc)(ln(hardness)+bc] Equation (2) 

Where: 

CMC = Criteria Maximum Concentration 
CCC = Criteria Continuous Concentration 
WER = Water Effects Ratio (assumed to be 1) 
ACF = Acute conversion factor (to convert from total recoverable to dissolved metals) 
CCF = Chronic conversion factor (to convert from total recoverable to dissolved metals) 
mA = slope factor for acute criteria 
mC = slope factor for chronic criteria 
bA = y intercept for acute criteria 
bC = y intercept for chronic criteria 

The coefficients needed for the calculation of freshwater objectives are provided in the CTR 
(Table 2-4). The conversion factors for lead are hardness-dependent.  The following equations 
can be used to calculate the lead conversion factors based on site-specific hardness data: 

Lead ACF = 1.46203 - [(ln{hardness})(0.145712)] Equation (3) 
Lead CCF = 1.46203 - [(ln{hardness})(0.145712)] Equation (4) 

Table 2-4.  Coefficients used in formulas for calculating freshwater CTR standards. (U.S. EPA, 2000b) 

9 Final: 3/26/07 



Total Maximum Daily Load for Metals and Selenium 
San Gabriel River and Impaired Tributaries 

Metal Freshwater 
ACF 

Saltwater 
ACF 

mA BA Freshwater 
CCF 

Saltwater 
CCF 

mC bC 

Copper 0.960 0.83 0.9422 -1.700 0.960 0.83 0.8545 -1.702 
Lead 0.791* 0.951 1.2730 -1.460 0.791* 0.951 1.2730 -4.705 
Selenium n/a 0.998 n/a n/a n/a 0.998 n/a n/a 
Zinc 0.978 0.946 0.8473 0.884 0.986 0.946 0.8473 0.884 
* The Freshwater ACF and CCF for lead are hardness dependent. Conversion factors in this table are based on a 
hardness value of 100 mg/L as CaCO3. 

2.1.3. Antidegradation 

State Board Resolution 68-16, “Statement of Policy with Respect to Maintaining High Quality 
Water” in California, known as the "Antidegradation Policy," protects surface and ground waters 
from degradation.  Any actions that can adversely affect water quality in all surface and ground 
waters must be consistent with the maximum benefit to the people of the state, must not 
unreasonably affect present and anticipated beneficial use of such water, and must not result in 
water quality less than that prescribed in water quality plans and policies.  Furthermore, any 
actions that can adversely affect surface waters are also subject to the federal Antidegradation 
Policy (40 CFR 131.12).  The TMDL will not degrade water quality, and will in fact improve 
water quality as it is designed to achieve compliance with existing, numeric water quality 
standards. 

2.2 Water Quality Data Summary 
This section summarizes water quality data pertaining to metals for the San Gabriel River and its 
tributaries. This section assesses the storm water data that were used in the 2002 and 2006 303(d) 
listing process, more recent storm water data, and additional dry-weather data. Data were 
evaluated based on the “Water Quality Control Policy for Developing California’s Clean Water 
Act Section 303(d) List” (SWRCB, 2004). Sources of metals and conditions in the river vary 
dramatically between wet and dry weather (see Section 4). It is therefore essential to conduct the 
data assessment separately for wet and dry weather. 

2.2.1. Dry-weather Data Summary 

There are two sources of data that were evaluated to assess dry-weather water quality. The first 
source is the ambient monitoring data collected by the Los Angeles County Sanitation Districts 
(LACSD) for the five WRPs located in the San Gabriel River. Locations of the receiving water 
monitoring stations for the five plants are listed in Table 2-5.   
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Table 2-5.  Location of LACSD ambient monitoring stations. 

San Jose Creek 
Reach 

1 
Station 

R-A-P 
Description 
Below Pomona WRP discharge, at San Jose Street, downstream of Old Brea Road 

1 R-C Below the intersection of the north and south forks of San Jose Creek 
1 R-D End of concrete-lined portion of San Jose Creek -200 yards downstream of 3rd Ave 
1 C-1 Above the San Jose Creek WRP discharge point 002 
1 C-2 Below the San Jose Creek WRP discharge point 002 

San Gabriel River 
Reach Station Description 

3 R-10 Above the confluence with San Jose Creek 
3 R-11 Upstream of the Whittier Narrows WRP discharge points 001 and 002 
3 R-A-WN Downstream of the Whittier Narrows WRP discharge point 001, approximately 150 

feet upstream of Whittier Narrows Dam 
1 R-2 Below the San Jose Creek WRP discharge point 001, near Firestone Blvd 
1 R-3-1 Upstream of the Los Coyotes WRP 
1 R-4 Downstream of the Los Coyotes WRP, at Artesia Boulevard 
1 R-9W At the end of the western low flow channel, near Atherton Street 

Estuary R-A-2 Downstream of the confluence of the eastern and western low flow channels 
Estuary R-6 At Seventh Street 
Estuary R-7 At Westminster Avenue 
Estuary R-8 At Marina Avenue 

Coyote Creek 
Reach Station Description 

R-A-1 Upstream of the discharge from Long Beach WRP 
R-A Downstream of the discharge from Long Beach WRP 
R-9E At the end of the eastern low flow channel, near Atherton Street 

Evaluation of LACSD Data 

Data from LACSD samples were compared to chronic CTR criteria. LACSD analyzes for 
concentrations of total recoverable metals; therefore, CTR criteria were converted to total 
recoverable metals using default chronic conversion factors (Table 2-4). Data collected from 
freshwater stations were compared to freshwater CTR criteria, which were adjusted for site-
specific hardness values. Where possible, data were compared to criteria that had been adjusted 
for actual hardness values measured for each sample. Metals data from samples without reported 
hardness values were compared to CTR criteria based on median hardness values for those 
sampling stations. Samples from the Estuary were compared to saltwater criteria, which are 
independent of hardness. These monitoring data provide water quality information for the San 
Gabriel River Reaches 1 and 3, San Jose Creek, Coyote Creek, and the Estuary (Table 2-6). 
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Table 2-6. Summary dry-weather ambient data assessment (LACSD data 1995 through 2005). Values in 
table are the number of samples exceeding chronic CTR criteria over the number of metals samples. Non 
detects treated as zero. 

Reach Median 
Hardness 

Copper  Lead Zinc Selenium1 

San Jose Creek Reach 1 
R-A-P (below Pomona WRP) 202 1/12 2/12 1/12 0/12 
R-C (below Pomona WRP) 373 0/19 0/19 0/19 0/12 
R-D (End of concrete-lined portion of Creek) 5342 1/19 1/19 0/19 5/12 
C-1 (above SJWRP 002) 5152 0/33 0/33 0/32 4/30 
C-2 (below SJWRP 002) 296 0/12 0/12 0/5 2/12 
Total  2/95 3/95 1/82 11/78 
San Gabriel Reach 3 
R-10 (above confluence with San Jose Creek) 131 0/3 0/3 0/3 0/3 
R-11 (above WNWRP) 250 0/49 0/49 0/48 0/38 
R-A-WN (below WNWRP) 212 0/24 0/24 0/24 0/10 
Total  0/76 0/76 0/75 0/51 
Coyote Creek 
RA1 (above LBWRP) 417 0/49 0/49 0/49 0/29 
RA (below LBWRP) 249 0/42 0/42 0/42 0/14 
R-9E 278 2/20 1/20 1/20 0/12 
Total  2/111 1/111 1/111 0/55 
San Gabriel Reach 1 
R-2 (below SJWRP 001) 204 0/12 0/12 0/5 0/12 
R-3-1 196 1/20 0/20 0/20 0/21 
R-4 (below LCWRP) 217 0/11 0/11 0/11 0/12 
R-9W 211 0/19 0/19 0/19 0/12 
Total 1/62 0/62 0/55 0/57 
Estuary1 

R-A-2 2/19 0/19 2/19 0/12 
R-6 1/11 0/11 0/11 0/12 
R-7 1/11 0/11 0/11 0/12 
R-8 1/20 2/19 0/19 0/12 
Total 5/61 2/60 2/60 0/48 
1) Criteria are independent of hardness. 

2) Maximum allowable hardness value to adjust criteria is 400 mg/L as CaCO3.
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Dry-Weather Results for San Jose Creek Reach 1 

There were occasional exceedances of chronic copper, lead, and selenium criteria in San Jose 
Creek Reach 1. Two out of 95 samples exceeded the adjusted chronic copper criterion.  This 
does not indicate an impairment in San Jose Creek. 

Three out of 95 samples exceeded the adjusted chronic lead criterion. Fourteen of the 95 samples 
had detection limits greater than adjusted CTR criterion, so it is possible that samples with non-
detectable values exceeded the criterion. However, these samples were taken prior to 2001. Since 
LACSD lowered their detection limits, only three out of 81 samples exceeded the criterion. 
Three exceedances out of 81 do not indicate an impairment in San Jose Creek.  

There were 11 out of 78 samples exceeding the chronic selenium criterion. Detection limits were 
not an issue for the selenium assessment. This exceedance percentage indicates an impairment. A 
dry-weather TMDL is required for selenium in San Jose Creek Reach 1. 

Dry-Weather Results for San Gabriel River Reach 3 

There were no exceedances of chronic copper, lead, zinc or selenium criteria in San Gabriel 
River Reach 3. Four of the older lead samples had detection limits greater than adjusted CTR 
criterion, so it is possible that samples with non-detectable values exceeded the criterion. 
However, no samples have exceeded the criterion since LACSD lowered their detection limits in 
2001. There is no evidence of impairments for any metals. No dry-weather TMDLs are required 
for this reach. 

Dry-Weather Results for San Gabriel River Reach 1 

There were no exceedances of chronic criteria for lead, zinc, or selenium criteria in San Gabriel 
River Reach 1. One out of 62 samples exceeded the copper criterion. This exceedance percentage 
does not indicate an impairment. There were no exceedances of lead criteria in the 62 samples. 
Eight of these samples had detection limits above CTR criterion, so it is possible that samples 
with non-detectable values of metals exceeded the criterion. However these samples were taken 
prior to 2002. Since LACSD lowered their detection limits, none of the 54 samples exceeded the 
criterion. With zero exceedances, there is no evidence of impairment in this reach and no dry-
weather TMDLs are required. 

Dry-Weather Results for Coyote Creek 

There were few to no exceedances of the chronic selenium criteria and a few exceedances of the 
chronic for copper, lead and zinc, or selenium criteria in Coyote Creek. Two out of 111 samples 
exceeded the copper criterion, which does not indicate an impairment. One out of 111 samples 
exceeded the chronic zinc criterion, which does not indicate an impairment. One out of 111 
samples exceeded the chronic lead criterion. Twenty of the lead samples had detection limits 
above CTR criterion, so it is possible that samples with non-detectable values of metals exceeded 
the criterion. Twenty of these samples were taken prior to 2002. Since LACSD lowered their 
detection limits, one out of 91 samples exceeded the criterion for lead.  With one exceedance, 
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there is no evidence of impairment in this reach. No dry-weather TMDLs are required for this 
reach. 

Dry-Weather Results for the Estuary 

There are occasional exceedances of copper, lead, and zinc in samples from the Estuary. There 
were no exceedances of the selenium criteria.  Two out of the 60 samples exceeded the chronic 
lead criterion for saltwater. Twenty-two of these samples had detection limits (or estimated 
values) greater than the CTR criterion.  When the detection limits were less than CTR, one out of 
38 samples exceeded the criterion.  The data do not indicate an impairment for lead. 

Two out of 60 samples exceeded the chronic zinc criterion for saltwater. Seven of the 60 samples 
had detection limits greater than CTR criterion. When the detection limits were less than CTR, 
two out of 40 samples exceeded the criterion. The data do not indicate an impairment for zinc.  

Five out of 61 samples exceeded the chronic copper criterion for saltwater. Fifty-four of these 
samples had detection limits greater than CTR criterion. In 2003, the detection limits were 
lowered from 80 μg/L to 8 μg/L, which is still greater than the adjusted CTR saltwater criterion 
(3.7μg/L). Since LACSD lowered their detection limits to 8 μg/L, five out of 40 samples exceed 
the criterion. It cannot be assumed that nondetectable values in the older data were less than CTR 
criterion. More weight is therefore given to the more recent data. Furthermore, when copper was 
detected in the samples, the criterion was exceeded by three to eight times, which demonstrates 
that the magnitude of exceedances is significant. Five out of 40 exceedances indicates an 
impairment for copper in the Estuary. Based on the weight of evidence, a dry-weather TMDL is 
required for copper in the Estuary. 

Evaluation of Los Angeles County Department of Public Works (LACDPW) 
Dry-Weather Data 

The second source of dry-weather water quality data is the Los Angeles County Department of 
Public Works (LACDPW) storm water mass emission stations at Coyote Creek (S13) and San 
Gabriel River Reach 2 (S14).  LACDPW collects composite samples during storm events and 
dry weather for hardness, dissolved metals, and total recoverable metals. Dissolved metals data 
collected during dry weather were compared to hardness adjusted chronic CTR criteria to assess 
dry-weather impairments (Table 2-7). 

Table 2-7.  Summary of chronic metals criteria exceedances in LACDPW dry-weather data for San Gabriel 
River Reach 2 (Station S14) and Coyote Creek (Station S13) from October 1997 to June 2005. 

San Gabriel Reach 2 Number of Samples Exceedances of Chronic Criteria 
Copper (dissolved) 10 0 
Lead (dissolved) 10 0 
Selenium (total recoverable) 10 0 
Zinc (dissolved) 10 0 

Coyote Creek Number of Samples Exceedances of Chronic Criteria 

Copper (dissolved) 8 0 
Lead (dissolved) 8 0 
Selenium (total recoverable) 8 1 
Zinc (dissolved) 8 0 
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Based on the LACDPW dry-weather data, there are a no exceedances of chronic copper, lead, or 
zinc criteria in San Gabriel River Reach 2 or Coyote Creek. There is one exceedance of the 
selenium criterion in Coyote Creek. There are no impairments for any of these metals and no 
dry-weather TMDLs are required for these reaches. 

2.2.2 Wet-weather Data Summary 

To assess wet-weather water quality, LACDPW storm water data were evaluated. Dissolved 
metals data from storm events were compared to hardness adjusted dissolved chronic and acute 
CTR criteria to assess wet-weather impairments (Table 2-8). 

Table 2-8. Summary of acute and chronic criteria exceedances in LACDPW storm water data for San 
Gabriel River Reach 2 (Station S14) and Coyote Creek (Station S13) from November 1997 to January 2005. 

San Gabriel Reach 2 Number of Samples Exceedances of Acute 
Criteria 

Exceedances of Chronic 
Criteria 

Copper (dissolved) 58 2 4 
Lead (dissolved) 58 0 5 

Selenium (total recoverable) 58 - 1 
Zinc (dissolved) 58 3 3 

Coyote Creek Number of Samples Exceedances of Acute 
Criteria 

Exceedances of Chronic 
Criteria 

Copper (dissolved) 62 9 19 
Lead (dissolved) 62 0 7 

Selenium (total recoverable) 62 - 4 
Zinc (dissolved) 62 6 6 

Detection limits for all metals were below the CTR acute and chronic criteria. Therefore, if 
metals were not detected in a sample, CTR criteria were not exceeded. 

Wet-Weather Results for San Gabriel River Reach 2 

There were five out of 58 samples that exceeded the chronic lead criterion, which indicates an 
impairment. There were four out of 58 exceedances of the chronic copper criterion and three out 
of 58 exceedances of the chronic zinc criterion. This does not indicate impairments for these 
metals. A wet-weather TMDL is required for lead in San Gabriel River Reach 2. 

Wet-Weather Results for Coyote Creek 

In Coyote Creek, there were 19 out of 62 samples exceeding the chronic copper criterion, seven 
out of 62 samples exceeding the chronic lead criterion, and six out of 62 samples exceeding the 
chronic zinc criterion. This indicates impairments for these metals. There were four out of 62 
exceedances of the chronic selenium criteria. This does not indicate an impairment. Wet-weather 
TMDLs are required for copper, lead, and zinc in Coyote Creek.  

2.2.3. Conclusions 

The available data provide an overall picture of water quality during both dry and wet weather. 
The data review confirms the existence of impairments for some of the metals identified in the 
1998 and 2002 303(d) lists. The more recent data indicate additional dry-weather impairments 
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not included on the 303(d) list. Based on the conclusions drawn from the data review, TMDLs 
are developed for the pollutant-water body combinations shown in Table 2-9. 

Table 2-9. Summary of dry-weather and wet-weather impairments. 

Reaches Copper Lead Zinc Selenium 
San Jose Creek Reach 1 Dry 
San Gabriel River Reach 2 Wet 
Coyote Creek Wet Wet Wet 
Estuary Dry 

Dry-weather TMDLs will be developed for copper in the Estuary and selenium in San Jose 
Creek Reach 1. Allocations will be developed for upstream reaches and tributaries to meet 
TMDLs in downstream reaches.  Discharges to upstream reaches can cause or contribute to 
exceedances of water quality standards and contribute to impairments downstream. Dry-weather 
allocations will be assigned to San Gabriel River Reach 1 and Coyote Creek and its tributaries to 
meet the copper TMDL in the Estuary. No dry-weather copper allocations are required for San 
Gabriel River Reaches 2, 3, 4, 5, San Jose Creek, or Walnut Creek because they do not drain to 
the Estuary during dry weather. Dry-weather allocations will be assigned to San Jose Creek 
Reach 2 to meet the selenium TMDL in San Jose Creek Reach 1. 

Wet-weather TMDLs will be developed for lead in San Gabriel River Reach 2 and for copper, 
lead, and zinc in Coyote Creek. Wet-weather allocations will be developed for all upstream 
reaches and tributaries in the watershed that drain to impaired reaches during wet weather. 
Discharges to these upstream reaches can cause or contribute to exceedances of water quality 
standards in San Gabriel River Reach 2 and Coyote Creek and thus contribute to impairments. 

There are no available data to assess water quality in Reaches 4, or 5 of the San Gabriel River or 
Walnut Creek. There are no wet-weather data for Reach 1 and it is not possible to assess wet-
weather water quality at the bottom of the watershed. Additional data representing wet-weather 
conditions in Reach 1 and the Estuary are needed. No TMDLs or waste load allocations have 
been developed for Reach 1 or the Estuary during wet-weather, but wet-weather monitoring is 
recommended as part of the implementation of these TMDLs. 
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3.  NUMERIC TARGETS 

Numeric targets for the TMDL are based on CTR criteria. As stated in section 2.1.2, CTR criteria 
are expressed as dissolved metals because dissolved metals more closely approximate the 
bioavailable fraction of metals in the water column. However, sources of metals loading to the 
watershed include metals associated with particulate matter. Once discharged to the river, 
particulate metals could dissolve, causing the criteria to be exceeded. The TMDL targets, and 
resulting waste load allocations, are expressed in terms of total recoverable metals to address the 
potential for dissolution of particulate metals in the receiving water. Attainment of numeric 
targets expressed as total recoverable metals will ensure attainment of the dissolved CTR criteria. 

Separate numeric targets are developed for dry and wet weather because hardness values and the 
fractionation between total recoverable and dissolved metals vary between dry and wet weather. 
As in other TMDLs (e.g., the Los Angeles River Metals TMDL), the distinction between wet and 
dry weather is operationally defined as the 90th percentile flow in the river. Because separate 
wet-weather TMDLs are required for San Gabriel Reach 2 and Coyote Creek, the distinction 
between wet- and dry-weather is separately defined for these two reaches. 

To determine the distinction between wet and dry weather, historical flows were obtained from 
flow gauge stations located in the watershed (Figure 3). LACDPW flow gauge station F262C-R 
is located in San Gabriel River Reach 2. Very little flow is measured at this gauge because much 
of Reach 2 is used for groundwater recharge; the median flow is 0.0 cubic feet per second (cfs) 
and the 90th percentile flow is 1.0 cfs based on flow records from 1990 to 2005.  There is a 
United States Geological Survey (USGS) gauge station located at the bottom of Reach 3 just 
above Whittier Narrows Dam (station 1108500).  The flow gauge above the dam is the best 
indicator of wet-weather conditions (i.e., sufficient runoff is generated to cause a response in the 
river flow and to wash off pollutants from the watershed land surface).  Furthermore, when 
flows reach the 90th percentile at USGS station 11085000, the upper and lower portions of the 
watershed are most likely connected (i.e., flows of this magnitude will likely exceed the dam’s 
capacity). The 90th percentile flow based on flow records from 1990 to 2005 is 260 cfs (Figure 
4). Wet-weather targets for Reach 2 will apply when the maximum daily flow is equal to or 
greater than 260 cfs. 

In Coyote Creek, the delineation between wet and dry weather occurs when the maximum daily 
flow at LACDPW flow gauge station F354-R, located at the bottom of the creek is 156 cfs. This 
is the 90th percentile flow based on flow records from 1990 to 2005 (Figure 5).  Wet-weather 
targets for Coyote Creek will apply when the maximum daily flow in the creek is equal to or 
greater than 156 cfs. 

3.1 Dry-Weather Targets 

Dry-weather numeric targets are developed for copper in the Estuary and selenium in San Jose 
Creek Reach 1 (Table 3-1). Numeric targets are based on chronic CTR criteria because these are 
the most protective criteria and the most applicable during dry-weather conditions. The dry­
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weather target for selenium in San Jose Creek Reach 1 is based on the freshwater CTR value of 5 
ug/l. 

The target for copper in the estuary is based on CTR saltwater criteria because the salinity in the 
estuary is greater than 10 parts per thousand 95% or more of the time. A CTR default conversion 
factor is applied as a translator to convert the copper target from dissolved to total recoverable 
metals.  
Table 3-1. Dry-weather numeric targets expressed as μg/L total recoverable metals.  

Copper Selenium 

Reach 

Chronic Saltwater 
Criteria 

(μg/L dissolved) 

CCF Numeric 
Target 

(μg/L total) 

Chronic Freshwater 
Criteria 

(μg/L total) 

CCF Numeric 
Target 

(μg/L total) 
San Jose Creek -- -- -- 5 -- 5 
Reach 1 
San Gabriel River 3.1 0.83 3.7 -- -- --
Estuary 

Based on monitoring conducted by City of Los Angeles Watershed Monitoring Program data in 
Los Angeles River, which has similar watershed characteristics and sources of flow and pollutant 
loading, the default conversion factors tend to overestimate the fraction of copper that is in the 
dissolved form. The use of the default conversion factors is applied to the margin of safety. 

3.2 Wet Weather Targets 
CTR acute criteria are the basis for the wet-weather targets because they are protective of aquatic 
life during the generally short-term and episodic storm conditions that exist in the San Gabriel 
River watershed. Median hardness values from LACDPW storm water data (Table 3-2) were 
used to calculate reach specific targets for lead in San Gabriel River Reach 2 and copper, lead 
and zinc in Coyote Creek. 
Table 3-2. Wet-weather hardness values (mg/L as CaCO3) from LACDPW storm water data (1997-2005). 

Reach Number of samples 10th percentile 
hardness 

50th percentile 
hardness 

90th percentile 
hardness 

San Gabriel Reach 2 58 99 175 282 
Coyote Creek 61 51 105 210 

The data collected by LACDPW were also used to evaluate the relationship between dissolved 
and total recoverable metals in storm water.  Figures 6 through 9 plot measured values of 
dissolved metals against measured values of total metals.  Most of the measured values fell 
below the line CTR-based trend lines indicating that use of CTR default conversion factors 
would overestimate the dissolved portion of metals in storm water samples.  Data from literature 
confirm this and suggest that there is an even smaller portion of dissolved metals in wet weather.  
Young et al. 1980 estimated that only 10% of the cadmium, copper, lead, and zinc in storm water 
samples were dissolved.  McPherson et al. 2004 found similar results in storm water from nearby 
Ballona Creek. In that study, only 17% of the cadmium, 37% of the copper, and 14% of the lead 
were dissolved. Regressions generally suggest a relationship between the total and dissolved 
fraction. The slope of the regressions reflects the ratio of the dissolved to total recoverable 
concentration.  The R2 value gives an indication of the strength of the relationship.  The results 
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of the regression analyses are presented in Table 3-3.  We found reasonable relationships for 
copper, lead and zinc in Coyote Creek and these were used translators in the TMDL.  The 
relationship for lead in San Gabriel was very weak and not suitable for developing a translator.   
Table 3-3. Relationship between dissolved and total recoverable metals in storm water data in San Gabriel 
River Reach 2 and Coyote Creek (1997-2005) and CTR default conversion factors. 

LACDPW Storm water data in 
SGR Reach 2 

ACF LACDPW Storm water data in 
Coyote Creek 

ACF Metal 

N Slope R2 N Slope R2 

Copper 27 0.31 0.09 0.960 44 0.53 0.62 0.960 
Lead 11 0.39 0.28 0.709* 15 0.64 0.99 0.784* 
Zinc 24 0.47 0.25 0.978 26 0.78 0.73 0.978 
*ACF for cadmium and lead are hardness dependent and were calculated based on the hardness in SGR Reach 2 
(175 mg/L as Ca CO3) and Coyote Creek (105 mg/L as Ca CO3). 

The translators should be viewed as provisional since they are based on limited data.  The site-
specific translators will, on average, overestimate the dissolved fraction since a number of 
samples a number of samples with measurable total recoverable values but reported undetectable 
dissolved concentrations were eliminated from the regression analysis.  This represented roughly 
30% to 40% of the samples from Coyote Creek and roughly 40% to 50% of the samples from 
San Gabriel River. In this sense the translators will provide a conservative margin of safety.  
Further study is recommended to revisit the development and application of site-specific 
translators.  The resulting wet-weather numeric targets are presented in Table 3-4.  

Table 3-4. Wet-weather numeric targets expressed as μg/L total recoverable metals. 
Copper Lead Zinc 

Reach 
Median Hardness 
(mg/L as CaCO3) 

Translator Numeric 
Target 
(μg/L) 

Translator Numeric 
Target 
(μg/L) 

Translator Numeric 
Target 
(μg/L) 

San Gabriel Reach 2 175 -- -- 0.709 166 -- --
Coyote Creek 105 0.53 27 0.64 106 0.78 158 
*Site-specific translators used for copper, lead and zinc in Coyote Creek.  ACF used for translator for lead in San 
Gabriel Reach 2 assuming hardness value of 175. 
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4. SOURCE ASSESSMENT 

This section identifies the potential sources of metals in the San Gabriel River watershed. In the 
context of TMDLs, pollutant sources are either point sources or nonpoint sources. Point sources 
include discharges for which there are defined outfalls such as wastewater treatment plants, 
industrial discharges, and storm drain outlets.  These discharges are regulated through National 
Pollutant Discharge Elimination System (NPDES) permits.  Nonpoint sources, by definition, 
include pollutants that reach waters from a number of diffuse land uses and source activities that 
are not regulated through NPDES permits. 

4.1 Point Sources 

The NPDES permits in the San Gabriel River Watershed include municipal separate storm sewer 
system (MS4) permits, the Caltrans storm water permit, general construction storm water 
permits, general industrial storm water permits, major NPDES permits (including publicly 
owned treatment works), minor NPDES permits, and general NPDES permits. The permits under 
the jurisdiction of the Los Angeles Regional Board are presented in Table 4-1.  

Table 4-1. Summary of Los Angeles Regional Board issued NPDES permits in San Gabriel River watershed. 
(SOURCE: LARWQCB, 2006).  

Type of Discharge Estuary Reach 1 Coyote 
Creek 

Reach 2 San 
Jose 
Creek 

Reach 3 
and 

Above 

Total 
Permits 

Municipal Storm Water*  2 2 2 2 2 2 2 
Caltrans Storm Water* 1 1 1 1 1 1 1 
Industrial Storm Water  - 45 203 8 177 166 599 
Construction Storm Water  2 20 36 18 136 132 344 
Publicly Owned Treatment Works -- 1 1 -- 2 1 5 
Major NDPES Discharges  2 -- -- -- -- -- 2 
Minor NPDES Discharges  -- -- 5 1 3 2 11 
General NPDES Discharges  5 7 22 4 11 7 56 

    Construction Dewatering 1 2 4 -- 8 1 16 
    Petroleum Fuel Cleanup Sites -- -- 4 1 -- -- 5 
    VOC Cleanup Sites -- 1 2 -- -- 1 4 
    Hydrostatic Test Water 2 -- 1 -- 1 -- 4 
    Non-Process Wastewater -- -- 3 -- -- -- 3 

Potable Water 2 4 8 3 2 5 24 
*Municipal and Caltrans permits discharge to all reaches. 

The upper portion of Coyote Creek and a portion of the watershed draining to the Estuary are 
located in Orange County and are under the jurisdiction of the Santa Ana Regional Board. The 
permits under the jurisdiction of the Santa Ana Regional Board are presented in Table 4-2.  
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Table 4-2. Summary of Santa Ana Regional Board issued NPDES permits in the Coyote Creek and Estuary 
subwatersheds (SOURCE: SARWQCB, 2006).  

Type of Discharge No. of 
Permits 

Municipal Storm Water  1 

Caltrans Storm Water 1 

Industrial Storm Water  207 

Construction Storm Water  184 

Publicly Owned Treatment Works 0 

Major NDPES Discharges  0 

Minor NPDES Discharges  2 

General NPDES Discharges  
De Minimus Discharges 2 

Petroleum and Solvents Cleanup Sites 3 

4.1.1. Storm water Permits 

Storm water runoff in the San Gabriel River Watershed is regulated through the Los Angeles 
County MS4 permit, the Long Beach MS4 permit, the Orange County MS4 permit, the statewide 
storm water permit issued to Caltrans, the statewide Construction Activities Storm Water 
General Permit and the statewide Industrial Activities Storm Water General Permit. 

MS4 Storm Water Permits 

In 1990, EPA developed rules establishing Phase I of the NPDES storm water program, designed 
to prevent pollutants from being washed by storm water runoff into the MS4 (or from being 
discharged directly into the MS4) and then discharged into local waterbodies. Phase I of the 
program required operators of medium and large MS4s (those generally serving populations of 
100,000 or more) to implement a storm water management program as a means to control 
polluted discharges. Individual sources of metals within the watershed, which are collected by 
MS4s and discharged to the river, include automobile break pads, vehicle wear, building 
materials, pesticides, erosion of paint and deposition of air emissions from fuel combustion and 
industrial facilities. 

The Los Angeles County MS4 permit was renewed in December 2001 as Order No. R4-01-182 
and is on a five-year renewal cycle. There are 85 co-permittees covered by this permit, including 
84 incorporated cities and the County of Los Angeles. The City of Long Beach MS4 permit was 
renewed on June 30, 1999 as Order No. R4-99-060 and is on a five-year renewal cycle. It solely 
covers the City of Long Beach. The Orange County MS4 permit was renewed on January 18, 
2002 as Order No. R8-2002-0010. Co-permittees covered by this permit include 25 incorporated 
cities and Orange County. 

Caltrans Storm Water Permit 

Caltrans is regulated by a statewide storm water discharge permit that covers all municipal storm 
water activities and construction activities (State Board Order No. 99-06-DWQ).  The Caltrans 
storm water permit authorizes storm water discharges from Caltrans properties such as the state 
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highway system, park and ride facilities, and maintenance yards.  The storm water discharges 
from most of these Caltrans properties and facilities eventually end up in either a city or county 
storm drain which are then discharged to the river.  

General Storm Water Permits 

In 1990, EPA issued regulations for controlling pollutants in storm water discharges from 
industrial sites (40 CFR Parts 122, 123, and 124) equal to or greater than five acres. The 
regulations require discharges of storm water associated with industrial activity to obtain an 
NPDES permit and to implement Best Available Technology Economically Achievable (BAT) 
to reduce or prevent nonconventional and toxic pollutants associated with industrial activity, 
including metals, in storm water discharges and authorized non-storm discharges. In 1999, EPA 
expanded the program to include storm water discharges from construction sites that resulted in 
land disturbances equal to or greater than one acre (40 CFR Parts 122, 123, and 124).  

On April 17, 1997, State Board issued a statewide general NPDES permit for Discharges of 
Storm Water Associated with Industrial Activities Excluding Construction Activities Permit 
(Order No. 97-03-DWQ, NPDES Permit Nos. CAS000001).  As of the writing of these TMDLs, 
there are approximately 804 dischargers enrolled under the general industrial storm water permit 
in this watershed (596 under the jurisdiction of the Los Angeles Board and 208 under the 
jurisdiction of the Santa Ana Regional Board). The potential for metals loading via runoff from 
these sites is high, especially at metal plating, transit, and recycling facilities. Stenstrom et al. 
(2005) found that although the data collected by the industrial monitoring program were highly 
variable, the mean values for copper, lead and zinc were 1010, 2960, and 4960 µg/L, 
respectively, greatly exceeding applicable CTR values. However, during dry weather, the 
potential contribution of metals loading from industrial sites is low, because non-storm water 
discharges are prohibited or controlled by the permit.  

On August 19, 1999, State Board issued a statewide general NPDES permit for Discharges of 
Storm Water Runoff Associated with Construction Activities (Order No. 99-08-DQW, NPDES 
Permit Nos. CAS000002). As of the writing of these TMDLs, there are 537 dischargers enrolled 
under the general construction storm water permit in the watershed (350 under the jurisdiction of 
the Los Angeles Board and 187 under the jurisdiction of the Santa Ana Regional Board). Sources 
of metals from construction sites include sediment containing metals, construction materials, and 
equipment used on construction sites. Raskin et al. (2004) found that building materials and 
construction waste exposed to storm water can leach metals and contribute metals to waterways. 
However, during dry weather, the potential contribution of metals loading is low because non-
storm water discharges are prohibited or controlled by the permit. 

4.1.2. Publicly Owned Treatment Works (POTWs) 

The LACSD Joint Outfall System is an integrated network of facilities that includes seven 
treatment plants, five of which are associated with the San Gabriel River Watershed.  These five 
treatment plants (Whittier Narrows, Pomona, Long Beach, Los Coyotes, and San Jose Creek) are 
connected to the Joint Water Pollution Control Plant (JWPCP) which discharges off of the Palos 
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Verdes Peninsula. This system allows for the diversion of desired flows into or around each 
“upstream” plant. 

•	 The most upstream plant is the Pomona WRP (Order No. R4-2004-0099). It has a design 
capacity of 15 million gallons per day (MGD) and discharges tertiary-treated municipal and 
industrial wastewater to the South Fork of San Jose Creek. During dry weather, virtually all 
of the treated effluent is reclaimed for landscape and crop irrigation, as well as for industrial 
processes. 

•	 The San Jose Creek WRP (Order No. R4-2004-0097) has a design capacity of 100 MGD. It 
discharges an average of 80 MGD of tertiary-treated municipal and industrial wastewater via 
three discharge points. Discharge No. 001 to San Gabriel River Reach 1 is the primary 
discharge outfall for both east and west plants, which is eight miles south of the plant near 
Firestone Blvd. The river is concrete-lined from the discharge point to the Estuary, about 
nine miles downstream. A turnout located approximately midway down the pipe is used to 
divert reclaimed water to spreading grounds. Discharge No. 002 to San Jose Creek is used for 
groundwater recharge at Rio Hondo and the San Gabriel Coastal Spreading Grounds. San 
Jose Creek is unlined from the discharge point to the San Gabriel River. Discharge No. 003 
delivers treated effluent to the unlined portion of the San Gabriel River Reach 3 as well as 
the Rio Hondo and San Gabriel Coastal Spreading Grounds. 

•	 The Whittier Narrows WRP (Order No. R4-2002-0142) has a design capacity of 15 MGD. 
There is one discharge point to the San Gabriel River. Discharge No. 001 discharges to the 
river about 700 feet upstream from the Whittier Narrows Dam. The tertiary-treated municipal 
and industrial wastewater generally flows down the river to the San Gabriel River Spreading 
Grounds. 

•	 The Los Coyotes WRP (Order No. R4-2002-0121) has a design capacity of 37.5 MGD. 
Tertiary-treated municipal and industrial wastewater is discharged into the San Gabriel River 
Reach 1, 1,230 feet upstream of the Artesia freeway. About 12% of the total treated effluent 
is reclaimed for irrigation.  

•	 The Long Beach WRP (Order No. R4-2002-0123) has a design capacity of 25 MGD. 
Tertiary-treated municipal and industrial wastewater is discharged to Coyote Creek at a point 
2,200 feet upstream from the confluence with the San Gabriel River, above the Estuary. A 
portion of the treated effluent is reclaimed for irrigation. 

4.1.3 Major Individual NPDES Permits 

Major discharges are POTWs with yearly average flows over 0.5 MGD, industrial sources with 
yearly average flows over 0.1 MGD, and those with lesser flows but with acute or potential 
adverse environmental impacts.  In addition to the POTWs, there are two major discharges in the 
watershed, the Haynes generating station, operated by the City of Los Angeles Department of 
Water and Power (LADWP) and the generating station operated by AES Alamitos, L.L.C. Both 
plants draw in water from the nearby Los Cerritos Watershed Management Area and discharge 
into the tidal prism just north of Second St. (Westminster Ave.). The Alamitos plant draws in 
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water from Los Cerritos Channel and is permitted to discharge up to 1,283 MGD. The Haynes 
plant draws in water from Alamitos Bay and is permitted to discharge up to 1,014 MGD. The 
Alamitos and Haynes stations have limits for copper, lead, selenium, and zinc, but they are based 
on California Ocean Plan objectives. The Ocean Plan objectives are less stringent than the CTR 
saltwater criteria so there is the potential for the facilities to discharge metals in exceedance of 
the numeric targets. A memorandum sent from the State Board to the Los Angeles Regional 
Board (SWRCB 2002) redefined the two power plants as falling under the jurisdiction of the 
Policy for Implementation of Toxics Standards for Inland Surface Waters, Enclosed Bays, and 
Estuaries of California (SIP) and the CTR. These permits are scheduled for renewal in 2006. 

4.1.4 Minor Individual NPDES Permits 

Minor discharges are all other discharges that are not categorized as a Major. Many of these 
permits are for episodic discharges rather than continuous flows.  Minor permits cover 
miscellaneous wastes such as ground water dewatering, swimming pool wastes, and ground 
water seepage. Some of these permits contain effluent limits for metals. However, some of these 
permits were issued prior to the adoption of CTR and there is the potential for these facilities to 
discharge metals in exceedance of the numeric targets in these TMDLs.  There are 11 minor 
NPDES permits in the San Gabriel River watershed. 

4.1.5 General NPDES Permits 

Pursuant to 40 CFR parts 122 and 123, the State Board and the Regional Boards have the 
authority to issue general NPDES permits to regulate a category of point sources if the sources: 
involve the same or substantially similar types of operations; discharge the same type of waste; 
required the same type of effluent limitations; and require similar monitoring.  The Los Angeles 
Regional Board has issued general NPDES permits in the San Gabriel River watershed for the 
following categories of discharges: construction dewatering, non-process wastewater; petroleum 
fuel cleanup sites; VOC cleanup sites; potable water; and hydrostatic test water. 

There are 16 discharges enrolled under Los Angeles Regional Board Order Nos. R4-2003-0111, 
97-043, and 97-045 for construction dewatering. There are three discharges enrolled under Los 
Angeles Regional Board Order Nos. R4-2004-0058 and 98-055 for non-process wastewater. 
These permits include CTR-based effluent limitations for metals. 

There are five dischargers enrolled under Los Angeles Regional Board Order No. R4-2002-0125 
for treated groundwater and other wastewaters from petroleum fuel-contaminated sites.  There 
are four dischargers enrolled under Los Angeles Regional Board Order No. R4-2002-0107 for 
treated groundwater from VOC-contaminated sites. To enroll under these permits, dischargers 
must demonstrate that treated groundwater does not exceed the CTR-based water quality criteria 
for metals. Once enrolled under the permit, dischargers must continue to demonstrate compliance 
with CTR-based effluent limitations for lead. 

There are 24 dischargers enrolled under Los Angeles Regional Board Order No. R4-2003-0108 
for groundwater from potable water supply wells. There are four dischargers enrolled under Los 
Angeles Regional Board Order Nos. R4-2004-0109 and 97-047 for low threat hydrostatic test 
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water. Discharges enrolled under these permits must meet maximum contaminant levels (MCLs) 
adopted by the California Department of Health Services. In general, the MCLs for metals are 
greater than the numeric targets. 

The Santa Ana Regional Board has issued general NPDES permits in the Coyote Creek 
subwatershed for de minimus discharges and for petroleum and solvent cleanup sites. There are 
two discharges enrolled under Santa Ana Regional Board Order No.03-061 for de minimus 
threats to water quality. The order states that discharges enrolled under the general permit are not 
expected to cause toxicity; therefore no toxicity limits are included in the general permit. There 
are three discharges enrolled under Santa Ana Regional Board Order No. 02-007 for discharges 
of extracted and treated groundwater from petroleum and solvent cleanup sites. The Order 
includes CTR-based effluent limitations for lead for freshwater and saltwater discharges from 
those sites polluted with leaded gasoline. 

4.2 Non-point Sources 
Atmospheric deposition is a potential nonpoint source of metals to the watershed. Sabin et al. 
estimated the mass of dry-atmospheric deposition for the Los Angeles River watershed (Sabin et 
al., 2004). For the purpose of this source assessment, the numbers for the Los Angeles River 
watershed were extrapolated to the San Gabriel River watershed based on the relative area of 
each watershed and the relative amount of surface water in each watershed (Table 4-2). Direct 
atmospheric deposition is the amount of metals deposited directly onto the surface of the river. 
These numbers are generally small because the actual surface area of the river system is small. 
Indirect deposition is the amount of metals deposited onto the entire watershed. Metals deposited 
on the land surface of the watershed may be washed off during rain events and delivered to the 
river system. The amount of deposited metals available for transport to the river (i.e., not 
infiltrated) is unknown. In a separate study, Sabin et al. found that for a small impervious 
catchment, atmospheric deposition could potentially account for 57-100% of the metals in storm 
runoff generated in the study area (Sabin et al., 2005). This study assumes that all the metals 
deposited on the catchment were available for removal. However, in large, varied watersheds, 
such as the Los Angeles River and San Gabriel River watersheds, not all metals deposited on the 
land surface may be available for removal by runoff. Estimates of metals deposited on land 
(Table 4-3) are much higher than estimates of storm water loading to the river system (Table 4­
10). The loading of metals associated with indirect atmospheric deposition are accounted for in 
the estimates of the storm water loading. Once metals are deposited on land under the 
jurisdiction of a storm water permittee, they are within a permittee’s control.  
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Table 4-3. Estimates of dry weather direct and indirect deposition (derived from Sabin et al., 2004). 

Area 
(square miles) 

% 
Water 

Copper 
(kg/year) 

Lead 
(kg/year) 

Zinc 
(kg/year) 

Los Angeles River Watershed 834 0.21% 

Indirect Deposition  16,000 12,000 80,000 

Direct Deposition 3 2 10 

San Gabriel River Watershed 682 0.36% 

Indirect Deposition 13,084  9,813 65,419 

Direct Deposition 4.1 2.8 13.8 

Natural background loading of metals is another potential source. This is an unlikely source 
during dry weather. Natural or open spaces are primarily located in the upper portion of the 
watershed in the Angeles National Forest (Figure 2). The flow from these areas is relatively 
small during dry weather and much of it is captured behind dams. The levels of metals 
concentrations in flow from these areas are also likely to be low. Stein and Yoon (2005) found 
that metals concentrations from natural areas in Southern California, including two sites in the 
upper San Gabriel watershed, were below CTR criteria and below concentrations found at 
developed sites. The mean concentrations for the natural areas were 0.465 μg/L copper, 0.052 
μg/L lead, 0.618 μg/L selenium, and 0.471 μg/L zinc during dry weather. 

During wet-weather, flow from the upper portion of the watershed can potentially reach the 
lower portion of the watershed. Stein and Yoon (2005) also found that metals concentrations 
from natural areas in wet-weather were below CTR criteria and below concentrations found at 
developed sites. During wet weather, the mean concentrations for the natural areas were 5.27 
μg/L copper, 1.42 μg/L lead, 0.77 μg/L selenium, and 21.5 μg/L zinc. Natural sources will be 
assigned load allocations to address any potential loading during dry and wet weather. 

4.3 Quantification of Sources 
The San Gabriel River has two distinct flow conditions. During wet-weather periods, flow in the 
river is generated by storm water runoff in the watershed, which can quickly reach thousands of 
cubic feet per second. During dry weather, flows are significantly lower and less variable. The 
major sources of flow are point source discharges, urban runoff, and groundwater baseflow.   

4.3.1. Dry-Weather Loading 

The total metals loads from the San Jose, Pomona, Whittier Narrows, Los Coyotes, and Long 
Beach WRPs were estimated using monthly flow and effluent concentration data provided as 
part of the annual self monitoring reports (Table 4-4). On an annual basis, these POTWs 
contribute approximately 1,781 kg/year of copper, 1,477 kg/year of lead, 188 kg/year of 
selenium and 10,992 kg/year of zinc to the San Gabriel River. Much of the water from the 
Pomona, Whittier Narrows, and San Jose Creek WRPs is recharged; thus, while these values 
reflect metals loading to the system, some of the metal loadings are lost to recharge. 
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Table 4-4. Total annual metals loading from POTWs (kg/yr).  Data are from LACSD. 
Facility Reach 1997 1998 1999 2000 2001 2002 2003 2004 Ave 

Pomona 
San Jose Creek 001e 

and 002 
San Jose Creek 001w 

and 003 

SJC 
SGR 1 

SJC 
SGR 1 
SGR 3 

36 

703 

399 

30 

736 

403 

Copper 
31 

711 

398 

44 

784 

410 

42 

695 

326 

26 

656 

189 

22 

655 

282 

32 

651 

359 

33 

699 

346 

Whittier Narrows* SGR 3 119 139 141 104 109 110 106 85 114 

Los Coyotes SGR 1 450 483 462 437 410 310 328 330 401 

Long Beach 

Total  WRP  

CC 181 236 197 218 218 136 158 161 188 
1781 

Lead 
Pomona SJC 40 30 63 44 42 5 5 12 30 

San Jose Creek 001e SGR 1 
and 002 SJC 703 515 711 784 417 131 131 130 440 

San Jose Creek 001w SGR 1 
and 003 SGR 3 359 282 398 410 195 38 56 72 226 

Whittier Narrows* SGR 3 131 97 141 104 87 22 32 21 79 

Los Coyotes SGR 1 900 967 923 437 455 116 82 83 495 

Long Beach CC 362 472 296 218 194 34 40 40 207 

Total  WRP  1477 
Selenium 

Pomona SJC 4 3 3 4 4 3 3 4 3 

San Jose Creek 001e SGR 1 
and 002 SJC 77 74 71 78 70 66 66 65 71 

San Jose Creek 001w SGR 1 
and 003 SGR 3 60 40 40 41 33 19 28 36 37 

Whittier Narrows* SGR 3 12 14 14 10 11 11 11 11 12 

Los Coyotes SGR 1 45 48 46 44 46 39 41 41 44 

Long Beach CC 18 24 20 22 24 17 20 20 21 

Total  WRP  188 
Zinc 

Pomona SJC 253 182 315 264 210 157 247 373 250 
San Jose Creek 001e SGR 1 

and 002 SJC 4217  3678 3556 3919 3477 3278  5241  4554 3990 
San Jose Creek 001w SGR 1 

and 003 SGR 3 3587  2417 2788 2869 1955 1324  2822  2869 2579 

Whittier Narrows* SGR 3 535 1039 988 832 761 767 1064 844 854 

Los Coyotes SGR 1 3601 3866 2769 3062 2732 2713 4506 3300 3319 

Long Beach CC 1321 1062 1379 1306 1211 1020 1960 1471 1341 

Total  WRP  10,992 
*The majority of Whittier Narrows flow is discharged to the Rio Hondo, which is part of the Los Angeles River 

watershed.


27 Final: 3/26/07 



Total Maximum Daily Load for Metals and Selenium 
San Gabriel River and Impaired Tributaries 

The amount of metals loading from POTWs is well defined. The amount of metals loading from 
storm drains and dry weather runoff is not well defined. In order to evaluate all dry-weather 
sources of metals in the San Gabriel River watershed, the Southern California Coastal Research 
Project (SCCWRP) conducted two monitoring events in September 2002 and September 2003 
(Ackerman et al., 2004a). The monitoring consisted of synoptic sampling of flow and metals 
concentrations from WRPs, storm drains and open channels. The first monitoring event was 
conducted on September 29 and 30, 2002, and the second was conducted on September 14 
through 16, 2003. The data collected represent snapshots of the flow distribution and water 
quality conditions throughout the watershed. During the sampling events, all observed sources of 
flow to the San Gabriel River system were from storm drains, tributaries, and the Los Coyotes, 
Long Beach, San Jose, and Pomona WRPs (Table 4-5).  
Table 4-5. Measured flow inputs (cfs) to the San Gabriel River (Ackerman et al, 2004a). 

Coyote Creek San Gabriel San Jose Creek Walnut Creek Total 
2002  
Storm drains 10.6 3.1 14.3 1.2 29.2 

Tributaries 8.30 - 1.0 6.0 15.3 

WRPs 0.04 97.5 58.3 - 155.8 

Total 19.0 100.5 73.7 7.23 200.3 
2003  
Storm drains 11.9 1.6 13.5 1.7 28.7 

Tributaries 7.44 - 6.66 3.9 18.0 

WRPs 18.7 104.4 87.3 - 210.4 

Total 38.0 106.0 107.4 5.64 257.1 

Overall, WRPs contribute about 80% of the flow in the river system during dry-weather. Walnut 
Creek receives no WRP flow. The Whittier Narrows WRP did not contribute to flow in the San 
Gabriel River during the two dry-weather sampling events. 

The measured concentrations of metals varied between storm drains, open channels, and WRPs 
(Table 4-6). The concentrations of all metals were greater in storm drains than in WRP 
discharges. The concentrations of all metals except zinc were greater in open channels than in 
WRP discharges. This indicates that dry-weather runoff or nuisance flow and/or discharges from 
other NPDES permitted sources are a significant source of metals in the San Gabriel watershed. 
Table 4-6. Mean observed metals concentrations by source (Ackerman et al., 2004a). 

Detection 
Limit (μg/L) 

Storm Drains 
(μg/L) 

Open Channels 
(μg/L) WRPs (μg/L) 

2002 
Copper 8 15 7.0 nd 
Lead 2 2.6 3.0 nd 
Selenium 1 1.3 1.9 nd 
Zinc 10 134 28 45 

Copper 8 8.0 3.0 nd 
Lead 2 1.6 1.9 nd 
Selenium 1 1.4 2.7 nd 
Zinc 10 99 57 72 

nd = non-detectable value 
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The average concentrations reported in Table 4-6 for copper, lead, and nickel are sometimes less 
than the detection limit because non-detectable concentrations were treated as zero. Loads were 
calculated by multiplying the measured flows and concentrations at each sample location. Table 
4-7 provides the summary results in terms of total mass emissions of each metal and the relative 
contribution from each major source. 
Table 4-7. Metals loading by source. Samples with non-detectable values treated as zero (Ackerman et al., 
2004a).  

Storm Drains Large Tributaries WRPs 
2002 
Copper 38% 62% 0% 
Lead 29% 71% 0% 
Selenium 57% 43% 0% 
Zinc 14% 8% 78% 
2003 
Copper 100% 0% 0% 
Lead 25% 75% 0% 
Selenium 69% 31% 0% 
Zinc 11% 7% 82% 

The SCCWRP study assumed all non-detectable values were zero. For WRPs, which contribute 
the dominant source of flow in the river, minor changes in concentrations can have a major effect 
on loading estimates. If non-detectable values were treated as ½ the detection limit, for example, 
the WRPs would appear as the dominant source of loading.  

Table 4-8 provides the SCCWRP study results in terms of total mass emissions of each metal and 
the relative emissions to the four streams in the San Gabriel River system. According to the 
SCCWRP study, Walnut Creek contributes a large percentage of copper and lead loading. This 
indicates that additional monitoring is needed for Walnut Creek. There was not enough data to 
assess potential metals impairments in Walnut Creek (Section 2.2.1). 

Table 4-8. Metals loading by reach/tributary Samples with non-detectable values treated as zero 
(Ackerman et al., 2004a). 

Coyote Creek 
(%) 

San Gabriel 
River (%) 

San Jose Creek 
(%) Walnut Creek (%) 

2002 
Copper 22% 12% 20% 46% 

Lead 55% 14% 8% 24% 

Selenium 43% 1% 51% 6% 

Zinc 8% 53% 36% 3% 
2003 
Copper 49% 2% 29% 20% 

Lead 11% 1% 39% 50% 

Selenium 4% 0% 93% 2% 

Zinc 16% 43% 38% 3% 
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4.3.2. Dry-Weather Loading to the Estuary 

Sources of flow to the Estuary include upstream inputs to Reach 1 and Coyote Creek, the two 
generating stations, and tidal exchange with the ocean. Upstream sources were evaluated in 
section 4.3.1. The total metals loads from the Los Alamitos and Haynes generating stations were 
estimated using effluent monitoring from the two plants (Table 4-9). Both plants sample for 
monthly flow and semi-annual metals concentrations. Annual average flows were calculated 
from the monthly average maximum flows, then multiplied by the average effluent concentration 
to estimate annual loading. On an annual basis, the generating stations contribute approximately 
20,000 kg/year of copper, 2,700 kg/year of lead, and 56,000 kg/year of zinc to the Estuary.  

Table 4-9. Metals loading to the San Gabriel River Estuary (kg/year total recoverable metals) from the Los 
Alamitos and Haynes generating stations. 

Haynes Station 2000 2001 2002 2003 2004 Average 

Flow (MGD) 729 779 848 761* 689 761 
Copper (kg/year) ND 26,583 23,621 10,419 16,752 15,475 
Lead (kg/year) 5,238 1,864 ND 1,016 832 1,790 

Zinc (kg/year) 16,620 16,334 18,370 21,815 72,489 29,126 

Alamitos Station 2000 2001 2002 2003 2004 Average 

Flow (MGD) 914 981 735 680 953 853 

Copper (kg/year) 6,690 4,200 3,800 3,701 3,972 4,473 

Lead (kg/year) ND 986 841 1,626 1,152 921 

Zinc (kg/year) 42,204 23,111 14,359 37,076 15,729 26,496 

Total - Both Plants 2000 2001 2002 2003 2004 Average 

Copper (kg/year) 6,690 30,784 27,422 14,120 20,725 19,948 

Lead (kg/year) 5,238 2,850 841 2,642 1,984 2,711 

Zinc (kg/year) 58,824 39,445 32,729 58,891 88,218 55,621 

*Flow unavailable for 2003. Average flow used. 

Metals loadings from the power plants are approximately ten times greater than the metals 
loading from POTWs that discharge to Coyote Creek and Reach 1 (Table 4-4). 

4.3.4. Wet-Weather Loading 

Wet-weather sources of metals are generally associated with the accumulation and wash-off of 
metals on the land surface during rain events. Metals washed off the land surface are delivered to 
the river through creeks and storm water collection systems. Wet-weather loading varies 
depending on the amount of rainfall and size of storms in a given year. 
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Wet-weather pollutant loading is estimated from the storm water monitoring data collected at the 
mass emission stations in Coyote Creek and San Gabriel River Reach 2 (LACDPW, 2000-2005). 
The total runoff volume for a storm season is multiplied by the average metals concentrations for 
that season (Table 4-10). 

Table 4-10.  Wet-weather storm water metals loading to the San Gabriel River watershed (kg total 
recoverable metals).  Data are from LACDPW. 

San Gabriel River Reach 2 97/98 98/99 99/00 00/01 01/02 02/03 03/04 Average 
No. storms sampled for metals 9 13 10 9 6 4 3 -- 

Total runoff volume (acre-ft) 32,800 12,700 3,777 8,404 3,258 9,684 25,694 -- 

Copper loading (kg) 990 115 34 89 51 323 403 286 

Lead loading (kg) 607 -- -- 29 8 161 57 172 

Selenium loading (kg) -- -- -- 26 7 32 69 33 

Zinc loading (kg) 6,708 785 -- 406 120 1,528 1,664 1,868 

Coyote Creek 97/98 98/99 99/00 00/01 01/02 02/03 03/04 Average 

No. storms sampled for metals 10 14 12 10 5 4 3 --

Total runoff volume (acre-ft) 60,500 11,500 22,937 14,616 3,672 26,608 43,689 --

Copper loading (kg) 3,224 201 291 166 77 578 1,746 898 

Lead loading (kg) 2,166 -- -- 45 10 150 850 644 

Selenium loading (kg) -- 68 -- 45 11 78 195 80 

Zinc loading (kg) 25,656 946 1,027 647 203 2,563 7,965 5,573 

Average annual metals loading from WRPs (Table 4-4) can be compared to average wet-weather 
storm water loading (Table 4-10) to provide an indication of the relative contributions from these 
sources. This comparison can only be made in Coyote Creek because it is the only reach that 
receives direct POTW discharge (Long Beach WRP) and has a LACDPW storm water mass 
emission station.  On an annual basis, storm water contributes about 83% of the copper loading, 
76% of the lead loading, 80% of the zinc loading, and 79% of the selenium loading in Coyote 
Creek. Wet-weather storm water runoff is thus the dominant source of annual metals loading, 
which agrees with previous studies in the Los Angeles River and Ballona Creek watersheds 
(Stein et al., 2003). 
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5. LINKAGE ANALYSIS 

Information on sources of pollutants provides one part of the TMDL equation. To determine the 
effects of these sources on water quality, it is necessary to determine the assimilative capacity of 
the receiving water. Variations between wet and dry weather can strongly affect the delivery of 
metals to the San Gabriel River and the assimilative capacity of the river to accommodate this 
loading so that water quality standards are met. Therefore, two distinct approaches for the 
linkage analysis were taken for wet and dry weather. Hydrodynamic and water quality models 
were used to assess the effects of metals loadings in the San Gabriel River on water quality under 
both dry- and wet- weather conditions. To estimate the assimilative capacity of the Estuary, a 
linkage is made based on the volume of water in the Estuary and the influence of tidal exchange. 

5.1 Development of the Dry-Weather Model   

The dry-weather model was developed to assess in-stream concentrations and sources of copper, 
lead, and zinc in low-flow conditions. It is included as Appendix I (Tetratech, 2005a). The 
modeling system consisted of a hydrodynamic model linked with a separate water quality model 
of the river system.  For simulation of hydrodynamics, the one-dimensional (1-D) version of the 
Environmental Fluid Dynamics Code (EFDC) was used. Stream channel geometry, topographic 
data, meteorological data, and sources of flow and metals loading were input into the model. 
Model setup of the river system included the following reaches:  

• San Gabriel River 
• Coyote Creek 
• San Jose Creek 
• Walnut Creek 

During low-flow conditions, these reaches are rarely linked due to various controls and features 
in the watershed that impede or divert flows. Therefore, these river reaches were modeled 
independently for the dry-weather simulation periods. 

Data from the two synoptic monitoring events conducted by SCCWRP in September 2002 and 
September 2003 were used to support the model development. The data were used as model 
input as well as for comparison to model results. Flow and water quality measurements taken 
from the storm drains and WRPs were used as inputs to the hydrodynamic and water quality 
model simulations. The resulting simulated in-stream water quality results were compared with 
the measured in-stream water quality at corresponding locations from the SCCWRP study.  

5.2 Dry-Weather Model Results 
Model predictions of in-stream water quality were compared to observed in-stream water quality 
data, without any additional calibration of modeling parameters to improve the comparison.  
Based on the comparison, the model was considered successful if the magnitudes and trends of 
the simulated and observed water quality were similar.  
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The model results were noticeably impacted by input data with non-detectable values of metals. 
For the purposes of modeling, inflow data with non-detected metals were assigned values equal 
to half the detection limit. A sensitivity analysis was then performed in which the data were 
assigned a value of zero. Assigning values of zero to non-detectable metals in inflow data 
resulted in lower simulated concentrations of metals in the river.  

Overall, the magnitude of simulated in-stream concentrations was similar to the magnitude of 
observed in-stream concentrations. However, the simulated concentrations do not always 
compare consistently with the observed in-stream concentrations. This may be due to observed 
in-stream concentrations that were below detection limits or due to the influence of other factors 
and sources that are not accounted for in the model.  

5.3 Development of the Wet-Weather Model 
The wet-weather modeling report is included as Appendix II (Tetratech, 2005b). Metals loading 
can be associated with sediment loading because of the sorptive properties of metals. To assess 
the link between sources of metals and the impairment of waters during wet weather, a modeling 
system was developed to simulate land-use-based sources of sediment and associated metals 
loads and the hydrologic and hydraulic processes that affect their delivery to the San Gabriel 
River system. EPA’s Loading Simulation Program in C++ (LSPC) was selected to simulate the 
hydrologic water quality conditions in the San Gabriel River watershed. 

The San Gabriel River watershed was divided into 139 sub-watersheds for appropriate 
hydrologic connectivity and representation (Figure 10). Meteorological data, soils data, stream 
reach characteristics, hydrologic data, and land use coverage were input into the model. The 
model was used to simulate total suspended solids and then to simulate metals associated with 
total suspended solids using potency factors equal to the ratio of metals to total suspended solids. 
These potency factors were successfully applied in Ballona Creek (Ackerman et al., 2004b) and 
the Los Angeles River (Tetra Tech, Inc, 2004) and are considered regionally calibrated. 

5.4 Wet Weather Model Results 
Hydrology is the first model component that was calibrated and validated because an estimation 
of wet-weather metals loading relies heavily on flow prediction. January 1990 through December 
2002 was selected as the hydrology simulation period.  Twelve LACDPW and USGS flow 
gauging stations were used for calibration and/or validation of the model (Figure 3). To account 
for the extensive hydrological alterations in the watershed, the model was first calibrated for 
minimally controlled subwatersheds, then calibrated for more controlled subwatersheds, so that 
observed flow variability could be attributed to man-made alterations. Calibration was assessed 
through graphical comparison, regression analysis, and relative error in volume of model results 
and observed data. The model accurately predicted average monthly flow patterns and predicted 
total and seasonal volumes within an acceptable range of error for the relatively unaltered 
subwatersheds. The model over-predicted flow in certain cases and under-predicted flow in the 
more controlled subwatersheds due to hydraulic controls, localized rainfall events, and 
unaccounted flow discharges from dams. 
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After calibration, a validation of hydrologic parameters was made through a comparison of 
model output to observed flows and volumes at selected gages. As was the case for calibration, 
validation results were assessed through graphical comparison, regression analysis, and relative 
error in volume of model results and observed data. Overall, the model accurately predicted 
storm peaks in minimally controlled river segments.  For the more-controlled river segments, 
model results were less accurate due to the lack of data on hydraulic controls in these sub 
watersheds. In addition, because runoff and resulting flow are highly dependent on rainfall, 
occasional storms were over-predicted or under-predicted depending on the distance between 
meteorological and flow gauge stations.   

The water quality model was calibrated by comparing model output with pollutographs (plots of 
concentration vs. time) for total suspended solids, copper, lead, and zinc observed at the 
LACDPW mass emission stations in San Gabriel River Reach 2 (S14) and Coyote Creek (S13). 
To assess the predictive capability of the model, the output was graphically compared to 
observed data. (Attachment C to Appendix II) Pollutographs indicated that the model generally 
captured the range of observed values for a storm event, but did not always predict the shape of 
the pollutograph. Misrepresentation of flows in the hydrology model affected predictions of 
pollutographs and resulting event mean concentrations (EMCs) in the water quality model. To 
provide additional assessment, observed EMCs were compared to EMCs calculated using hourly 
model output. 

Once calibrated, the water quality model was validated by comparing predicted EMCs with 
historically observed EMCs at the two LACDPW mass emission stations. During certain periods, 
observed values of zinc, lead and copper appeared to stay constant because they were reported as 
non-detects. Non-detects were replaced with one-half the detection limit for comparison with 
modeled data. Overall, the magnitude of predicted concentrations was similar to the magnitude 
of observed concentrations. Deviations from the observed data may be caused by localized 
storms that resulted in higher or lower metals loading, which is determined by the associated 
modeled flow. This flow is dependent on the proximity of the storm to the meteorological 
station and model subwatersheds. The model is adequate for predicting EMCs but not refined 
enough for predicting changes in concentration that occur over the course of the storm. 

5.5 Linkage Analysis for the Estuary 
The data assessment only indicates the need for water column TMDLs (section 2.2). There is no 
evidence of sediment impairment in the Estuary. Therefore, if discharges to the Estuary are 
limited by concentration-based waste load allocations, water quality numeric targets for the 
Estuary will be attained. 

The assimilative capacity of the Estuary is a function of the volume of the Estuary and the tidal 
prism, which is the volume of water exchanged between an Estuary and the open sea during one 
tidal period. The head of the Estuary was considered at the 405 freeway, 4900 ft upstream of 7th 

Street. The tidal range was considered to vary linearly from zero at this location to a maximum 
of 3.4 ft at the mouth.  The tide at the mouth was assumed the same as the Los Patos station ID 
427 (Tides & Currents, 2005). Based on the LACDPW Estuary profile plan in Figure 11, the 
Estuary was divided into two reaches.  The first reach is from the mouth, considered at Ocean 

34 Final: 3/26/07 



Total Maximum Daily Load for Metals and Selenium 
San Gabriel River and Impaired Tributaries 

Avenue Bridge, to 7th Street. The second reach is between 7th Street and the 405 freeway. The 
characteristics of the reaches estimated from Figure 11 are presented in Table 5-1. 
Table 5-1.  San Gabriel River Estuary geometry. 

Reach Length (ft) 
L 

Bottom width (ft) 
B 

Average water 
depth (ft) 

H 

Levee slope 
S 

1 13000 300 15 3:1 
2 4900 300 10 2:1 

Based on the data in Table 5-1, the volume of the Estuary is calculated as V = H*L*(B+S*H), 
giving the volume of each reach as: 

V1 = 6.73 x 107 ft3 

V2 = 1.57 x 107 ft3 

With a total average volume of: 

V = 8.3 x 107 ft3 

Based on the assumption that the tidal range varies linearly from a maximum at the mouth of 3.4 
feet to no tide at the 405 freeway, and considering the relative length of each reach, the average 
tidal ranges (i.e., tidal range at the center of each reach) are: 

R1 = 2.17 ft 
R2 = 0.47 ft 

With the information in Table 5-1, the water surface area for each reach, A = L*(B+2*H*S), is: 

A1 = 5.07 x 106 ft2 

A2 = 1.67 x 106 ft2 

The tidal prism, P, calculated as P = A*R (equation (II-6-12) in USACE’s Coastal Engineering 
Manual), at each reach was estimated as: 

P1 = 1.1 x 107 ft3 

P2 = 0.78 x 106 ft3 

Giving a total tidal prism for the Estuary of: 

P = 1.18 x 107 ft3 

The volume at high tide, VHT = V +  P/2, is therefore:  

VHT = 8.89 x 107 ft3, or 665 million gallons 

And the volume at low tide, VLT = V -  P/2, is therefore: 
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VLT = 7.71 x 107 ft3, or 576 million gallons. 

Given the flow from the power plants (1614 MGD from Table 4-9) and the volume of water in 
Estuary at low tide, it can be assumed that the power plant flow displaces all ocean water in the 
Estuary at the critical condition and that ocean water provides no excess assimilative capacity. 

These findings are consistent with findings in Flow Science (2007), USGS (Rosenberger et al., 
2007) and SCCWRP (Ackerman and Stein., In Prep).  The conclusions of these studies suggest 
that most of the flow in the estuary is from the power plant, there is little dilution from ocean 
water, the net flow is largely unidirectional toward the ocean, and the residence time for a parcel 
of water is short. USGS estimated the tidal prism to be roughly 2.78 x 107 cubic feet. This 
corresponds to a tidal flow of 1236 cfs over the course of a 6.21 tidal cycle.  The mean discharge 
from the power plants during the study was 777 cfs but could be as high as 3560 cfs (based on a 
design flow of 2.3 billion gallons per day).  Since dry-weather lows from the rivers are around 
156 cfs, the power plant discharge represents about 80 to 95% of the flow. 

More sophisticated models may be developed in the future which will account for upstream 
inputs, tidal exchange, and mixing and will help to better characterize the relative sources and 
fate and transport of metals loading to the Estuary. The Southern California Coastal Water 
Research Project is developing a watershed model that may be useful in verifying the loading 
capacities determined in this TMDL. However until that time the simplest and most straight 
forward approach to ensuring water quality standards are attained is to ensure that effluent 
concentrations from the power plants are at or below the water quality standard. 

5.6 Summary of Linkage Analysis 
The dry- and wet-weather models provide an understanding of the relationship between metals 
loading and targets. The dry-weather model is able to predict the overall magnitude of in-stream 
concentrations but not able to consistently predict the instantaneous concentrations at any given 
time. The wet-weather model was able to predict flow and magnitudes of concentrations in the 
minimally controlled river segments but less able in the more-controlled river segments. Because 
they could not predict concentrations on short time scales, neither the dry- or wet-models were 
used to develop loading capacity, but they provide an understanding of the relationship between 
metals loading and targets. While not used to develop loading capacity, the models should prove 
useful in evaluating management scenarios to help achieve load reductions in TMDL 
implementation. For the Estuary, the linkage analysis demonstrates that power plant flow 
comprises the majority of the volume of water in the Estuary and that the ocean water provides 
no excess assimilative capacity.  
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6. TOTAL MAXIMUM DAILY LOADS 

This section explains the development of the loading capacities (i.e., TMDLs) and allocations for 
metals in the San Gabriel River watershed. EPA regulations require that a TMDL include waste 
load allocations (WLAs), which identify the portion of the loading capacity allocated to existing 
and future point sources (40 CFR 130.2(h)) and load allocations (LAs), which identify the 
portion of the loading capacity allocated to nonpoint sources (40 CFR 130.2(g)). As appropriate, 
waste load allocations are assigned to wastewater treatment plants, storm water discharges, and 
other NPDES discharges.  Load allocations are assigned to open space and atmospheric 
deposition. As discussed in previous sections, the flows, sources, and the relative magnitude of 
inputs vary between dry-weather and wet-weather conditions. TMDLs are therefore developed to 
address dry- and wet-weather conditions separately. 

6.1 Wet-Weather TMDLs for Copper, Lead and Zinc 
During wet weather, the allowable load is a function of the volume of water in the river.  Given 
the variability in wet-weather flows, the concept of a single critical flow is not justified.  Instead, 
a load-duration curve approach is used to establish the wet-weather loading capacity.  A load-
duration curve is developed by multiplying the wet-weather flows by the in-stream numeric 
target. The result is a curve that identifies the allowable load for a given flow. Table 6-1 presents 
the equations used to calculate the load duration curves. The wet-weather TMDLs for metals are 
defined by these load-duration curves. 

Separate wet-weather TMDLs are developed for San Gabriel Reach 2 and Coyote Creek. In San 
Gabriel River Reach 2, wet-weather TMDLs apply when the maximum daily flow in the river is 
equal to or greater than 260 cfs as measured at USGS station 11085000, located at the bottom of 
Reach 3 just above the Whittier Narrows Dam (see Section 3, Numeric Targets). In Coyote 
Creek, wet-weather TMDLs apply when the maximum daily flow in the creek is equal to or 
greater than 156 cfs as measured at LACDPW flow gauge station F354-R, located at the bottom 
of the creek, just above the Long Beach WRP. 

Table 6-1.  Wet-weather loading capacities (TMDLs) for metals (total recoverable metals). 

Reach Copper 
(kg/day) 

Lead 
(kg/day) 

Zinc 
(kg/day) 

San Gabriel Reach 2 -- Daily storm volume  --x 166 μg/L 
Coyote Creek Daily storm volume Daily storm volume  Daily storm volume  

x 27 μg/L x 106 μg/L x 158 μg/L 
The daily storm volume is equal to the total daily flow either in San Gabriel River Reach 2 or Coyote Creek.  

Wet-weather allocations are assigned to all upstream reaches and tributaries of San Gabriel River 
Reach 2 and Coyote Creek because they potentially drain to these impaired reaches during wet 
weather. Allocations are assigned to both point and nonpoint sources. Concentration-based waste 
load allocations are developed for the POTWs and other non-storm water point sources. Mass­
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based load allocations are developed for open space and direct atmospheric deposition. A 
grouped mass-based waste load allocation is developed for storm water permittees (MS4s, 
Caltrans, General Industrial, and General Construction) by subtracting the load allocations from 
the total loading capacity.  These wet-weather allocations are presented in tables 6-2 and 6-3. 

Table 6-2. Wet-weather allocations for lead in San Gabriel River Reach 2.  Concentration-based allocations apply to non
stormwater NPDES discharges.  Stormwater allocations are expressed as a percent of load duration curve. Mass-based 
values presented in table are based on a flow of 260 cfs (daily storm volume = 6.4 x108 liters). 
Waste Load Allocations 
(San Gabriel River Reach 2) 

Percent area Lead Allocations Mass- based 
Values 

POTWs  NA 166 ug/l 0.7 kg/d 
Other NPDES NA 166 ug/l NA 
Municipal Stormwater 49% 49% * 166 ug/l * Daily Storm Volume 51.8 kg/d 
Industrial Stormwater 2.2% 2.2% * 166 ug/l * Daily Storm Volume 2.3 kg/d 
Construction Stormwater 0.7% 0.7% * 166 ug/l * Daily Storm Volume 0.8 kg/d 
Load Allocations 
(San Gabriel River Reach 2) 
Open Space 48% 48% * 166 ug/l * Daily Storm Volume 50.2 kg/d

Air Deposition 0.4% 0.4% * 166 ug/l * Daily Storm Volume 0.4 kg/d


Table 6-3. Wet-weather allocations for copper lead and zinc in Coyote Creek.  Concentration-based allocations apply to 
non-stormwater NPDES discharges.  Stormwater allocations are expressed as a percent of load duration curve.  Mass-
based values presented in table are based on a flow of 156 cfs (daily storm volume = 3.8 x108 liters). 
Waste Load Allocations (Coyote 
Creek) 

Percent 
area Copper Lead Zinc 

POTWs NA 27 ug/l 106 ug/l 158 ug/l 
Other NPDES NA 27 ug/l 106 ug/l 158 ug/l 
Municipal Stormwater 91.5% 9.41 kg/d 36.9 kg/d 55.0 kg/d 
Industrial Stormwater 3.5% 0.356 kg/d 1.40 kg/d 2.1 kg/d 
Construction Stormwater 5.0% 0.513 kg/d 2.07 kg/d 3.0 kg/d 
Load Allocations (Coyote Creek) 
Open Space 0% 0 0 0 
Air Deposition 0.2% 0.022 kg/d 0.09 kg/d 0.1 kg/d 

6.1.1. Wet-weather load allocations 

An estimate of direct atmospheric deposition is developed based on the percent area of surface 
water in the watershed. Approximately 0.4% of the watershed area draining to San Gabriel River 
Reach 2 is comprised of water and approximately 0.2% of the watershed area draining to Coyote 
Creek is comprised of water. The load allocation for atmospheric deposition is calculated by 
multiplying these percentages by total loading capacities. The loadings associated with indirect 
deposition are included in the wet-weather storm water waste load allocations. Once metals are 
deposited on land under the jurisdiction of a storm water permittee, they are within a permittee’s 
control. As was done for dry-weather, open space load allocations are calculated by multiplying 
the percent area of open space in the watershed not served by storm drains by the total loading 
capacity. Open space comprises 0% of the Coyote Creek subwatershed and approximately 47% 
of the San Gabriel River watershed that drains to Reach 2 2. 

2 As determined by Regional Board staff through GIS mapping using County storm drain layers. 
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6.1.2. Wet-weather waste load allocations for storm water permittees 

Wet-weather waste load allocations for storm water permittees are calculated by subtracting the 
load allocations for open space and direct air deposition from the total loading capacity 
Allocations for NPDES-regulated municipal storm water discharges from multiple point sources 
can be expressed as a single categorical waste load allocation when data and information are 
insufficient to assign each source or outfall an individual allocation. The storm water allocations 
may be fairly rudimentary because of data limitations and variability in the system. The 
combined storm water waste load allocation is further allocated to the general industrial, general 
construction, MS4 and Caltrans permits based on their percent area of the developed portion of 
the watershed. The developed portion of the watershed includes all land uses except open space 
and water. The total area covered by facilities enrolled under the general construction and 
industrial storm water permits was obtained from the State Board database. This was subtracted 
from the total developed area to obtain a rough estimate of the area covered by the MS4 and 
Caltrans permittees. The areas associated with each permit type were then divided by the total 
developed area to obtain the percentages in Tables 6-2 and 6-3. The MS4 permittees and Caltrans 
share a waste load allocation because there is not enough data on the relative reach-specific 
extent of MS4 and Caltrans areas. 

6.1.3. Wet-weather waste load allocations for POTWs and other NPDES permits. 

Concentration-based WLAs (Table 6-2 and 6-3) are established for the POTWs and other non-
storm water permits to ensure that these sources do not contribute to exceedances of wet-weather 
numeric targets. 

6.2 Dry-Weather TMDL for Copper in San Gabriel River Estuary 
Dry-weather allocations are assigned to sources that discharge directly to the estuary and to 
upstream sources that discharge indirectly to the estuary via San Gabriel River Reach 1 and 
Coyote Creek (Table 6-4). 
Table 6-4. Direct and indirect sources discharging to the San Gabriel River Estuary 

Upstream Sources 
(San Gabriel River Reach 1 and Coyote Creek) 

Direct Sources 
(Estuary) 

WRPs Power Plants 
Non-Storm Water Point Sources Non-Storm Water Point Sources 
Storm Water Storm Water 
Direct Air Direct Air 

The dry-weather TMDL for the estuary is calculated by multiplying the numeric target by the 
volume of flow to the estuary.  Tidal exchanges provide limited if any assimilative capacity 
because the flow from the power plants is sufficient to displace all ocean water in the estuary.  
Therefore, the concentration of total copper in the estuary is a function of upstream and direct 
sources (Equation 5). 

TMDL = Ct*Qt = Cus*Qus + Cds*Qds    Equation (5) 

Where: 
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Ct = Numeric target for total copper in the estuary = 3.7 μg/L 
Qt  = Total flow to estuary 
Cus = Concentration of copper in upstream sources 
Qus = Upstream flow 
Cds = Concentration of copper in direct sources 
Qds = Direct source flow 

Concentration-based allocations were first developed for upstream source which discharge to the 
estuary indirectly based on the freshwater CTR criteria for San Gabriel Reach 1 and Coyote 
Creek (discussed in 6.2.1). Concentrations-based allocations for direct sources were back-
calculated using equation 5 (discussed in 6.2.2). 

6.2.1	 Upstream Sources: Dry-weather Copper Allocations for San Gabriel River Reach 1 
and Coyote Creek 

San Gabriel River Reach 1 and Coyote Creek discharge to the estuary.  Waste load allocations 
and load allocations for copper are developed to address point and nonpoint sources which 
discharge into these reaches. 

Non-storm water point sources that discharge to Reach 1 and Coyote Creek receive copper 
allocations based on freshwater criteria and upstream median dry-weather hardness values3 to 
ensure that these sources do not contribute to copper exceedances in the estuary while 
considering their relative contribution of flow. This results in concentration-based copper 
allocations equal to 18 µg/L for Reach 1 sources and 20 µg/L for Coyote Creek sources.  

Storm water permittees that discharge to San Gabriel Reach 1 are assigned the same 
concentration-based copper allocations as the non-storm water discharges (18µg/L) because flow 
in Reach 1 is comprised almost entirely of WRP flow and any non-WRP urban runoff is 
insignificant4. In Coyote Creek the non-WRP urban runoff is much more significant. The median 
non-WRP Coyote Creek flow is equal to 19 cfs, measured at LACDPW Station F354-R.  A 
mass-based loading capacity of 0.943 kg/d was calculated by multiplying the target of 20 ug/l by 
by the median non-WRP flow.  A dry-weather stormwater allocation of 0.941 kg/d was assigned 
after accounting for potential loadings from direct atmospheric deposition. 

3 Median dry-weather hardness at receiving water station R-4, below San Jose Creek and Los Coyotes 
WRP outfalls in Reach 1 is 217 mg/L as CaCO3. Median dry-weather hardness at receiving water station 
R-A, below Long Beach WRP outfall in Coyote Creek is 249 mg/L as CaCO3. 

4 Reach 1 flows were obtained from long-term flow records (1990-2005) at LACDPW station F42B-R, 
located just above Spring Street and below the Los Coyotes and San Jose Creek outfalls. The median flow 
at this gauge is 114 cfs. Since the gauge is below the WRP outfalls, the average annual WRP flow 
(obtained from San Jose Creek and Los Coyotes 2000-2005 annual reports) is subtracted from the median 
gauge flow to obtain the non-WRP flow. The total average annual flow from the WRPs is 115 cfs, which 
is greater than the flow measured at station F42B-R. The difference between the WRP flow and the 
measured flow is within the error of the flow gauge. 
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As shown in Table 4-3, dry-weather direct atmospheric deposition rates for copper were 
extrapolated to the San Gabriel River watershed based on previous studies in the Los Angeles 
River watershed (Sabin et al., 2004). To calculate reach-specific direct deposition, direct 
deposition for the entire watershed (0.0113 kg/day) is multiplied by the relative area of water in 
the Reach 1 and Coyote Creek subwatersheds as compared to the area of water in the entire 
watershed5. Indirect deposition of metals is accounted for in the allocations to storm water. Once 
metals are deposited on land under the jurisdiction of a storm water permittee, they are within a 
permittee’s control.  

“Open space” refers to opens space that discharges directly to the river and not through the storm 
drain system. Once drainage from open space is collected by the storm drain system it becomes a 
point source and is included with the storm water allocation. There is no open space in the Reach 
1, or Coyote Creek subwatersheds that is not served by storm drains 6. Open space therefore 
receives a load allocation equal to zero. Copper allocations for all sources in Reach 1 and Coyote 
Creek are shown in Table 6-5. 

Table 6-5 Dry-weather copper waste load and load allocations for San Gabriel Reach 1, and Coyote Creek 
(total recoverable metals). 

Waste Load Allocations 
San Gabriel 

River Reach 1 
Coyote Creek 

POTWs 18 ug/l 20 ug/l 
Other NPDES 18 ug/l 20 ug/l 
Municipal Stormwater 18 ug/l 0.941 kg/d 
Industrial Stormwater 0 0 kg/d 
Construction Stormwater 0 0 kg/d 
Load Allocations 
Open Space 0 kg/d 0 kg/d 
Air Deposition 0.0027 kg/d 0.002 kg/d 
TMDL 0.943 kg/d 
*Also applies to storm water sources in San Gabriel River Reach 1. 

For accounting purposes, it is assumed that Caltrans and the general storm water permittees 
discharge entirely to the MS4 system.  This assumption has been supported though review of the 
permits.  A zero waste load allocation is assigned to all industrial and construction stormwater 
permits during dry weather. NPDES Permit Nos. CAS000001 and CAS000002 already prohibit 
non-storm water discharges with few exceptions as discussed in Section 4.1.1.  The dry-weather 
storm water allocation is shared by the MS4 permittees and Caltrans. It is not possible to divide 
this allocation because there are not enough data on the relative reach-specific extent of MS4 and 
Caltrans areas.  

5 There are 1555 acres of water in the entire watershed, 37.4 acres of water in the Reach 1 subwatershed 
(2.4%), and 269 acres in the Coyote Creek subwatershed (17%). 

6 As determined through GIS mapping using County storm drain layers. 
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6.2.2 Direct Sources: Dry-weather Allocations for Sources that discharge to the Estuary  

The upstream indirect dischargers’ relative contribution of flow is small compared to the power 
plants, which discharge directly to the Estuary.  Upstream flow is approximately 157 cfs or 101 
MGD7. The combined power plant design flow is 2297 MGD.  Due to their differences in flow, 
the metals loading from the power plants is approximately ten times greater than the metals 
loading from the WRPs.  Based on Equation 5, given the allocations assigned to upstream 
sources and a combined power plant design flow of 2297 MGD, the power plants must receive a 
concentration-based waste load allocation for copper equal to 3.1 µg/L in order to meet the 
numeric target of 3.7 µg/L for the estuary. 

It is possible that the source water used by the plant may be the source of the copper 
contamination.  For the Alamitos plant, which draws in once-through cooling water from Los 
Cerritos Channel, the intake water has an average copper concentration of 2.1 µg/L.  Three out of 
22 samples of intake water (from 2000-2004) had copper concentrations greater than the waste 
load allocation of 3.1 µg/L. For the Haynes plant, which draws in once-through cooling water 
from Alamitos Bay, the concentration of copper in the intake water averaged 12.2 µg/L, with all 
samples (from 2001-2005) exceeding the waste load allocation of 3.1 µg/L.  Special studies 
could be conducted to assess the quality of the source water and identify ways to alleviate the 
problem.  Special studies may also be conducted to develop a site-specific water effects ratio for 
copper in the estuary. 

The other direct discharges to the Estuary, including storm water and non-storm water point 
sources, are assigned concentration-based waste load allocations equal to the Estuary copper 
numeric target of 3.7 µg/L. Their relative flow of these sources is unknown, so it is not possible 
to assign them mass-based waste load allocations. 

Atmospheric deposition can be calculated from previous studies and scaled to the estuary 
subwatershed based on the relative area of water in the Estuary as compared to the area of water 
in the entire watershed (6.8 %), resulting in an allocation of 7.75x10-4 kg/day. This load 
allocation is insignificant compared to loading from other sources. For example, if the power 
plants were assigned a mass-based allocation based on their design flow (3560 cfs), the 
allocation would be 27 kg/day. The load allocation for direct air is essentially zero. 

There is no open space in the Estuary subwatershed that is not served by storm drains 8. Open 
space therefore receives a load allocation equal to zero. A zero waste load allocation is assigned 
to all industrial and construction stormwater permits during dry weather. The dry-weather storm 
water allocation is shared by the MS4 and Caltrans permittees.  Dry-weather allocations for all 
sources in the San Gabriel River Estuary are presented in Table 6-6. 

7 Equal to the combined median flow at LACDPW gauge F42B-R (114 cfs), located at the bottom of 
Reach 1 (below the San Jose Creek and Los Coyotes Outfalls), median flow at LACDPW flow gauge 
F354-R (19 cfs), located near the bottom of Coyote Creek (above the Long Beach WRP outfall), and 
median Long Beach WRP flow (24 cfs).
8 As determined through GIS mapping using County storm drain layers. 
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Table 6-6 Dry-weather copper waste load and load allocations for the Estuary (total recoverable metals). 

Point Sources (San Gabriel River Estuary) 
Waste Load Allocations 

Power Plants 3.1 ug/l 
Other NPDES 3.7 ug/l 
Municipal Stormwater 3.7 ug/l 
Industrial Stormwater 0 
Construction Stormwater 0 
Non Point Sources (San Gabriel River Estuary) Load Allocations 
Open Space 0 kg/d 
Air Deposition <0.001 kg/d 

6.3 Dry-Weather Selenium TMDL for San Jose Creek 
The dry-weather selenium TMDL for San Jose Creek is concentration based.  Concentrations 
based allocations are assigned to point and nonpoint sources in San Jose Creek Reach 1 and 
Reach 2 to meet the selenium target of 5 ug/l in San Jose Creek Reach 1. This approach was 
taken because selenium is a naturally occurring element that is present in marine sedimentary 
soils that are present in the area (Orange County 2006). In addition, many of the non-storm water 
point sources have intermittent flow making calculation of mass-based allocations difficult.  The 
lack of consistent dry-weather flows throughout the reach and the number of episodic discharges 
make the application of mass-based allocations for this reach impractical. Providing 
concentration-based limits are designed to ensure that numeric targets will be attained. 

The LACDPW flow gauge F312B-R was used to estimate dry-weather flows in San Jose Creek 
Reach 1. This gauge is located at 7th Avenue, above San Jose Creek WRP outfall No. 002 but 
well below the Pomona WRP which discharges to the South Fork of San Jose Creek.  During 
dry-weather most of the effluent flow from the Pomona plant is reclaimed for landscape, crop 
irrigation, or industrial processes. The median flow at this station is 19 cfs.  This station is dry 
about 10% of the time. Since nearly all Pomona flow is reused and does not enter San Jose 
Creek, the long-term median flow at this station 19cfs provides an estimate of dry-weather urban 
runoff. 

Concentration-based waste load allocations of 5 ug/l are assigned to the Pomona WRP, the San 
Jose Creek WRP and to all other non-storm water point sources. Selenium concentrations in the 
effluent from these two WRP are generally less than 1 ug/l.  The permit for Pomona does not 
currently have an effluent limit for selenium.  This was based on an analysis of effluent data that 
show no reasonable potential for exceedances of the selenium criteria.  Selenium concentrations 
from the San Jose WRP effluent are also low.  However, selenium concentrations in the 
receiving water near the plant at times will exceed the selenium criteria (See Table 2-6).  
Therefore, effluent limits for selenium have been established for the San Jose Creek WRP.  The 
use of concentration-based allocations allows the two WRPs to expand to their design capacity 
while meeting numeric targets.  

A mass-based loading capacity for the non-WRP dry-weather urban runoff can be calculated by 
multiplying the selenium target of 5 ug/l by a median flow of 19 cfs obtained from long-term 
flow data at LACDPW flow gauge F312B-R to obtain a value of 0.232 kg/d.  The contribution 
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from open space which represents about 1.8% of the area with the San Jose Creek subwatershed9 

is estimated to be 0.004 kg/d.  The remainder of the loadings (0.228 kg/d) are attributed to dry-
weather urban runoff from stormwater which are regulated through stormwater permits (MS4s, 
Caltrans, General Industrial, and General Construction).  As discussed in Section 4.1.1, the 
stormwater permits for general industrial and construction activities (NPDES Nos. CAS000001 
and CAS000002) generally prohibit dry-weather discharges.  

No studies on atmospheric deposition of selenium have been conducted, but it is believed to be 
an insignificant source. Selenium is present in local marine sedimentary rocks (Orange County, 
2006). It is presumed that much of the selenium results from natural soils in the watershed. This 
assumption is corroborated by the fact that many of the impairments in San Jose Creek occur 
after the channel becomes soft-bottomed.   

Special studies will allow further assessment of sources of selenium in San Jose Creek.  Other 
potential sources of selenium include activities that mobilize groundwater to the surface (e.g. 
dewatering activities), irrigation of soils that are naturally high in selenium, and discharges from 
petroleum-related activities (EPA, 2000).  

In the interim, concentration-based wasteload allocations are assigned to all point sources.  The 
resulting allocations for all sources in San Jose Creek Reach 1 and Reach 2 are presented in 
Table 6-7. 
Table 6-7 Selenium allocations for San Jose Creek Reach 1 and Reach 2 (total recoverable metals). 

Point Sources (San Jose Creek Reach 1 and 2) 
Waste Load 
Allocations  

POTWs 5 ug/l 
Other NPDES 5 ug/l 
Municipal Stormwater 5 ug/ll 
Industrial Stormwater 5 ug/l 
Construction Stormwater 5 ug/l 
Nonpoint Sources (San Jose Creek Reach 1 and 2) Load Allocations 
Open Space 5 ug/l 
Air Deposition 0 

6.4 Margin of Safety 
TMDLs must include a margin of safety to account for any lack of knowledge concerning the 
relationships between pollutant loads and their effect on water quality. This uncertainty is limited 
because the TMDLs are simply equal to the numeric targets multiplied by the median flow in dry 
weather and the numeric targets multiplied by actual flow in wet-weather. The primary sources 
of uncertainty are related to assumptions made in developing numeric targets. The use of default 
conversion factors is an implicitly conservative assumption, which is applied to the margin of 
safety. The conversion factors are defined as the fraction of dissolved metals divided by the total 
metals concentration.  For the dry-weather copper target, it has been shown in previous TMDLs 
that the default conversion factor overestimates the fraction of copper in the dissolved form. For 
the wet-weather copper, lead, and zinc targets, evaluation of the storm water data compared to 

9 As determined through GIS mapping using County storm drain layers. 
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the default conversion factor showed that the default conversion factor overestimates the fraction 
of metal in the dissolved form.  The default translator was applied to wet-weather in San Gabriel 
Reach 2. The site specific translators are developed in this TMDL for copper, lead and zinc in 
Coyote Creek are somewhat less conservative than the default CTR values.  However based on 
studies from the scientific literature they also tend to overestimate the dissolved fraction in 
stormwater.  This difference provides an implicit margin of safety.  
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7. IMPLEMENTATION RECOMMENDATIONS 

This section describes the implementation procedures and regulatory mechanisms that could be 
used to provide reasonable assurances that water quality standards will be met.   

7.1. Nonpoint Sources 
Nonpoint sources may be regulated through the authority contained in sections 13263 and 13269 
of the Water Code, in conformance with the State Water Resources Control Board’s Nonpoint 
Source Implementation and Enforcement Policy, and the Conditional Waiver for Discharges 
from Irrigated Lands, adopted by the Los Angeles Regional Water Quality Control Board on 
November 3, 2005. 

7.2. POTWs and Other Non-storm Water NPDES Permits 
NPDES permit limitations will need to be consistent with the concentration-based WLAs 
established for the POTWs and other point sources in these TMDLs. Permit limits would need to 
meet the water quality targets established in these TMDLs and maintain water quality standards 
in the San Gabriel River. Permit writers could translate waste load allocations into effluent limits 
by applying the SIP procedures or other applicable engineering practices authorized under 
federal regulations.  Wet-weather WLAs will not be used to determine monthly permit limits but 
will only be used in a determination of a daily limit.  For permits subject to both dry- and wet-
weather WLAs, EPA expects that permit writers would write a monthly limit based on the dry-
weather WLA and two separate daily maximum limits based on dry- and wet-weather WLAs. 

7.3 General Industrial Storm Water Permits 

The dry-weather waste load allocation equal to zero applies to unauthorized non-storm water 
flows, which are prohibited by NPDES Permit Nos. CAS000001. It is anticipated that the dry-
weather waste load allocations will be implemented in future general permits through the 
requirement of improved BMPs to eliminate the discharge of non-storm water flows. 

The wet-weather mass-based waste load allocations for the general industrial storm water 
permittees may be incorporated into the State Board general permit upon renewal or into a 
watershed-specific general permit developed by the Regional Board 

7.4 General Construction Storm Water Permits 
Waste load allocations for the general construction storm water permits may be incorporated into 
the State Board general permit upon renewal or into a watershed-specific general permit 
developed by the Regional Board. 

7.5 MS4 and Caltrans Storm Water Permits 
Grouped dry-weather and wet-weather waste load allocations apply to the MS4 and Caltrans 
permits (Tables 6-1, 6-2, 6-3, 6-5, 6-6 and 6-7). EPA regulation allows allocations for NPDES-
regulated storm water discharges from multiple point sources to be expressed as a single 
categorical waste load allocation when the data and information are insufficient to assign each 
source or outfall individual WLAs.  The shared allocations could be incorporated into the 

46 Final: 3/26/07 



Total Maximum Daily Load for Metals and Selenium 
San Gabriel River and Impaired Tributaries 

Caltrans permit and all NPDES-regulated municipal storm water discharges in the San Gabriel 
River watershed, including municipalities enrolled under the Los Angeles County MS4 permit, 
the City of Long Beach MS4 permit, and the Orange County MS4 permit. Figure 12 shows the 
municipalities located in each San Gabriel River subwatershed.  Table 7-1 identifies the cities in 
the San Gabriel Watershed by watershed subbasin. 
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Table 7-1.  List of cities in San Gabriel Watershed by watershed subbasin. 
Walnut 
Creek 

San Jose 
Creek 

San 
Gabriel 
Reach 5 

San 
Gabriel 
Reach 4 

San 
Gabriel 
Reach 3 

San 
Gabriel 
Reach 2 

San 
Gabriel 
Reach 1 

Coyote 
Creek 

Anaheim  X  
Arcadia X 
Artesia X X 
Azusa X X 
Baldwin Park X X X 
Bellflower X 
Brea  X  
Buena  Park  X  
Cerritos X X 
Chino Hills X 
Claremont X X 
Covina X 
Cypress  X  
Diamond Bar X X 
Downey X X 
Duarte X 
El Monte X X 
Fullerton  X  
Garden Grove X X 
Glendora X X 
Hacienda Heights X 
Hawaiian Gardens X 
Industry X X X X 
Irwindale X X X X 
La  Habra  X  
La Habra Heights X X 
La  Mirada  X  
La  Palma  X  
La Puente X X X 
La Verne X X 
Lakewood X X 
Long Beach X X 
Los Alamitos X X 
Norwalk X X 
Paramount X 
Pico Rivera X X 
Placentia X 
Pomona X X 
San Dimas X X 
Santa Fe Springs X X X 
Seal Beach X 
South El Monte X 
Walnut X X 
West Covina X X 
Whittier X X X X 
Yorba Linda X 
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8. MONITORING 

When the Regional Board adopted metals TMDLs for this watershed, they included a monitoring 
plan. We consider the monitoring plan to be appropriate and recommend that the Regional 
Board implement it.  Under the Regional Board plan, there are three objectives of monitoring 
associated with the TMDL.  The first is to collect data (e.g., hardness, flow, and background 
concentrations) to evaluate the uncertainties and assumptions made in development of the 
TMDL. The second is to collect data to assess compliance with the waste load allocations.  The 
third is to collect data to evaluate potential management scenarios.  To achieve these objectives, 
a monitoring program will need to be developed for the TMDL that consists of three 
components: (1) ambient monitoring, (2) compliance assessment monitoring and (3) special 
studies. 

8.1 Ambient Monitoring 
According to the Regional Board, an ambient monitoring program throughout the San Gabriel 
River and its tributaries is necessary to ensure that water quality standards are attained and to 
track trends in water quality improvements. Another goal is to provide background information 
on hardness values and the partitioning of metals between the total recoverable and dissolved 
fraction to refine load and waste load allocations. 

The MS4 and Caltrans NPDES permittees assigned waste load allocations are jointly responsible 
for implementing the ambient monitoring program.  The ambient monitoring program shall 
contain monitoring in all reaches and major tributaries of the San Gabriel River, including but 
not limited to additional dry- and wet-weather monitoring in the San Gabriel River Reaches 4 
and 5 and Walnut Creek, additional dry-weather monitoring in San Gabriel River Reach 2, and 
additional wet-weather monitoring in San Jose Creek, San Gabriel River Reaches 1 and 3, and 
the Estuary.  

Ambient monitoring efforts are already underway in the watershed. As part of their NPDES 
permit requirements for the Long Beach, Los Coyotes, Whittier Narrows, San Jose Creek and 
Pomona WRPs, LACSD developed a watershed-wide monitoring program for the San Gabriel 
River watershed. The project is funded by LACSD and managed through SCCWRP and the Los 
Angeles and San Gabriel Rivers Watershed Council with participation of a multistakeholder 
workgroup. Participants in the workgroup include LACDPW and other Los Angeles and Orange 
County MS4 permittees. The program design includes expanded ambient monitoring, 
coordinated multi-agency monitoring efforts, and a framework for periodic and comprehensive 
assessments of conditions in the watershed. These efforts are being coordinated and integrated 
with LACSD’s ongoing NPDES sampling in San Jose Creek, San Gabriel River Reach 3 and 
Reach 1 and Coyote Creek (Table 2-5).  Integration of monitoring programs to reduce 
redundancy and increase efficiency is a major goal of the San Gabriel watershed-wide program. 
The MS4 and Caltrans NPDES permittees are encouraged to participate in the San Gabriel 
watershed-wide monitoring program efforts to leverage resources. 
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8.2 TMDL Effectiveness Monitoring 

TMDL effectiveness monitoring requirements should be specified in permits to determine if the 
waste load allocations are achieved. For the POTWs and power plants, daily and monthly 
effluent monitoring requirements should be developed to ensure compliance with waste load 
allocations. 

Stormwater permittees should be encouraged to develop a monitoring program that will not only 
assess individual compliance, but will assess the effectiveness of chosen BMPs to reduce 
pollutant loading on an industry-wide or permit category basis. MS4 permittees and those 
enrolled under industrial and construction stormwater permits should be encouraged to 
participate in such programs. Responsible parties are encouraged to coordinate with the San 
Gabriel watershed-wide monitoring program to avoid duplication and reduce costs. 

8.2.1 Dry-weather TMDL Effectiveness Monitoring 

Under the Regional Board plan, the storm water NPDES permittees will be found to be 
effectively meeting the dry-weather waste load allocations if the in-stream pollutant 
concentration or load at the first downstream effectiveness monitoring location is equal to or less 
than the corresponding concentration- or load-based waste load allocation.  Alternatively, 
effectiveness of the TMDL may be assessed at the storm drain outlet based on the numeric target 
for the receiving water. For storm drains that discharge to other storm drains, effectiveness will 
be based on the waste load allocation for the ultimate receiving water for that storm drain 
system. The final dry-weather monitoring stations shall be located in San Jose Creek Reach 1 
and the Estuary. At a minimum the sampling frequency should be sufficient to generate enough 
samples to evaluate status of the waterbody relative to the State Board listing policy. 

8.2.2 Wet-weather TMDL Effectiveness Monitoring 

Under the Regional Board plan, the storm water NPDES permittees will be found to be 
effectively meeting wet-weather waste load allocations if the load at the downstream monitoring 
location is equal to or less then the loading capacity (Table 6-1).  For practical purposes, this is 
when the EMC for a flow-weighted composite is less than or equal to the numeric target. 
Responsible agencies shall sample at least 4 wet-weather events where flow meets wet-weather 
conditions (260 cfs in San Gabriel River Reach 2 and 156 cfs in Coyote Creek) in a given storm 
season (November to March).  Final wet-weather TMDL effectiveness monitoring stations may 
be located at the existing LACDPW mass emission sites in San Gabriel Reach 2 and Coyote 
Creek. 

8.3 Special Studies 
Additional monitoring and special studies may be needed to evaluate the uncertainties and the 
assumptions made in development of these TMDLs. The results of special studies may be used to 
reevaluate waste load allocations if the TMDLs are reconsidered by the Regional Board. 

Special studies may be warranted to evaluate the numeric targets.  Studies on background 
concentrations of total recoverable versus dissolved metals concentrations, total suspended 

50 Final: 3/26/07 



Total Maximum Daily Load for Metals and Selenium 
San Gabriel River and Impaired Tributaries 

solids, and organic carbon will help with the refinement of metals conversion factors. A WER 
study may be warranted to calculate a site-specific copper objective for the Estuary. 

Special studies may be warranted to better characterize sources.  Studies may be developed to 
refine estimates of metals loading from open space and natural sources. Studies may also be 
developed to assess natural soils as a potential background source of selenium in San Jose Creek 
Reach 1. Studies should be considered to evaluate the potential contribution of atmospheric 
deposition to metals loading and sources of atmospheric deposition in the watershed. 

Special studies may be warranted to refine some of the assumptions used in the modeling, 
specifically source representation in dry-weather, the relationship between total recoverable and 
dissolved metals in storm water, the assumption that metals loading are closely associated with 
suspended sediments, the accuracy and robustness of the potency factors, the uncertainties in the 
understanding sediment washoff and transport, and the representation of reservoirs, spreading 
grounds, and other hydromodifications in the watershed.  The assumptions made in model 
development are detailed in Appendices I and II. 

A study should be designed to better understand the mixing of fresh and salt waters in the 
Estuary and to assess the effect of upstream freshwater discharges on water quality and aquatic 
life beneficial uses in the Estuary. The purpose of the study would be to refine the assumptions 
made in establishing the copper waste load allocations for discharges to the Estuary and 
discharges to those reaches tributary to the Estuary. Special studies may be conducted to assess 
sources of copper in power plant intake water and possible source reduction strategies. 

Special studies should be considered to evaluate the effectiveness of various structural and non-
structural BMPs in removing metals and meeting waste load allocations. 
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Station CodSample Date Segment Station TypMatrix NamMethod NaGroup
SGLT506 6/17/2009 Walnut CreTargeted Samplewat SM 2320 B General Chemistry
SGLT506 6/17/2009 Walnut CreTargeted Samplewat SM 2320 B General Chemistry
SGLT506 7/25/2005 Walnut CreTargeted samplewat EPA 350.3 General Chemistry
SGLT506 7/19/2006 Walnut CreTargeted samplewat EPA 350.3 General Chemistry
SGLT506 6/11/2007 Walnut CreTargeted samplewat SM 4500-N  General Chemistry
SGLT506 6/11/2007 Walnut CreTargeted samplewat SM 4500-N  General Chemistry
SGLT506 6/17/2008 Walnut CreTargeted Samplewat SM 4500-N  General Chemistry
SGLT506 6/17/2009 Walnut CreTargeted Samplewat SM 4500-N  General Chemistry
SGLT506 7/25/2005 Walnut CreTargeted samplewat EPA 451.1 General Chemistry
SGLT506 7/19/2006 Walnut CreTargeted samplewat EPA 451.1 General Chemistry
SGLT506 6/11/2007 Walnut CreTargeted samplewat EPA 415.1 General Chemistry
SGLT506 6/11/2007 Walnut CreTargeted samplewat EPA 415.1 General Chemistry
SGLT506 6/17/2008 Walnut CreTargeted Samplewat SM 5310 B General Chemistry
SGLT506 6/17/2009 Walnut CreTargeted Samplewat SM 5310 B General Chemistry
SGLT506 6/17/2009 Walnut CreTargeted Samplewat SM 5310 B General Chemistry
SGLT506 7/19/2006 Walnut CreTargeted samplewat EPA 160.1 General Chemistry
SGLT506 6/11/2007 Walnut CreTargeted samplewat SM 2540 C General Chemistry
SGLT506 6/11/2007 Walnut CreTargeted samplewat SM 2540 C General Chemistry
SGLT506 6/17/2009 Walnut CreTargeted Samplewat SM 2540 C General Chemistry
SGLT506 6/17/2009 Walnut CreTargeted Samplewat SM 2540 C General Chemistry
SGLT506 6/17/2009 Walnut CreTargeted Samplewat SM 2340 B General Chemistry
SGLT506 6/17/2009 Walnut CreTargeted Samplewat SM 2340 B General Chemistry
SGLT506 7/25/2005 Walnut CreTargeted samplewat SM 4110B General Chemistry
SGLT506 7/19/2006 Walnut CreTargeted samplewat SM 4110 B General Chemistry
SGLT506 6/11/2007 Walnut CreTargeted samplewat SM 4110 B General Chemistry
SGLT506 6/11/2007 Walnut CreTargeted samplewat SM 4110 B General Chemistry
SGLT506 6/17/2008 Walnut CreTargeted Samplewat EPA 300.0 General Chemistry
SGLT506 6/17/2009 Walnut CreTargeted Samplewat EPA 300.0 General Chemistry
SGLT506 6/17/2009 Walnut CreTargeted Samplewat EPA 300.0 General Chemistry
SGLT506 7/25/2005 Walnut CreTargeted samplewat SM 4110B General Chemistry
SGLT506 7/19/2006 Walnut CreTargeted samplewat SM 4110 B General Chemistry
SGLT506 6/11/2007 Walnut CreTargeted samplewat SM 4110 B General Chemistry
SGLT506 6/11/2007 Walnut CreTargeted samplewat SM 4110 B General Chemistry
SGLT506 6/17/2008 Walnut CreTargeted Samplewat EPA 300.0 General Chemistry
SGLT506 6/17/2009 Walnut CreTargeted Samplewat EPA 300.0 General Chemistry
SGLT506 6/17/2009 Walnut CreTargeted Samplewat EPA 300.0 General Chemistry
SGLT506 7/25/2005 Walnut CreTargeted samplewat EPA 351.4 General Chemistry
SGLT506 7/19/2006 Walnut CreTargeted samplewat EPA 351.4 General Chemistry
SGLT506 6/11/2007 Walnut CreTargeted samplewat SM 4500-N  General Chemistry
SGLT506 6/11/2007 Walnut CreTargeted samplewat SM 4500-N  General Chemistry
SGLT506 6/17/2008 Walnut CreTargeted samplewat SM 4500 N  General Chemistry
SGLT506 6/17/2009 Walnut CreTargeted Samplewat SM 4500-P General Chemistry
SGLT506 6/17/2009 Walnut CreTargeted Samplewat SM 4500-P General Chemistry
SGLT506 7/25/2005 Walnut CreTargeted samplewat EPA 365.3 General Chemistry
SGLT506 7/19/2006 Walnut CreTargeted samplewat EPA 365.3 General Chemistry
SGLT506 6/11/2007 Walnut CreTargeted samplewat SM 4110 B General Chemistry



SGLT506 6/11/2007 Walnut CreTargeted samplewat SM 4110 B General Chemistry
SGLT506 6/17/2008 Walnut CreTargeted Samplewat SM 4500-P General Chemistry
SGLT506 7/25/2005 Walnut CreTargeted samplewat EPA 310.1 General Chemistry
SGLT506 7/19/2006 Walnut CreTargeted samplewat EPA 150.1 General Chemistry
SGLT506 6/11/2007 Walnut CreTargeted samplewat SM 4500-H  General Chemistry
SGLT506 6/11/2007 Walnut CreTargeted samplewat SM 4500-H  General Chemistry
SGLT506 6/17/2008 Walnut CreTargeted Samplewat SM 4500H+General Chemistry
SGLT506 6/17/2009 Walnut CreTargeted Samplewat SM 4500-P General Chemistry
SGLT506 6/17/2009 Walnut CreTargeted Samplewat SM 4500-P General Chemistry
SGLT506 7/25/2005 Walnut CreTargeted samplewat EPA 365.3 General Chemistry
SGLT506 7/19/2006 Walnut CreTargeted samplewat EPA 365.3 General Chemistry
SGLT506 6/11/2007 Walnut CreTargeted samplewat SM 4500-P General Chemistry
SGLT506 6/11/2007 Walnut CreTargeted samplewat SM 4500-P General Chemistry
SGLT506 6/17/2008 Walnut CreTargeted Samplewat SM 4500-P General Chemistry
SGLT506 7/25/2005 Walnut CreTargeted samplewat EPA 160.2 General Chemistry
SGLT506 7/19/2006 Walnut CreTargeted samplewat EPA 160.2 General Chemistry
SGLT506 6/11/2007 Walnut CreTargeted samplewat SM 25400 DGeneral Chemistry
SGLT506 6/11/2007 Walnut CreTargeted samplewat SM 25400 DGeneral Chemistry
SGLT506 6/17/2008 Walnut CreTargeted Samplewat SM 2540 D General Chemistry
SGLT506 6/17/2009 Walnut CreTargeted Samplewat SM 2540 D General Chemistry
SGLT506 6/17/2009 Walnut CreTargeted Samplewat SM 2540 D General Chemistry
SGLT506 7/25/2005 Walnut CreTargeted samplewat EPA 310.1 General Chemistry
SGLT506 7/19/2006 Walnut CreTargeted samplewat EPA 310.1 General Chemistry
SGLT506 6/11/2007 Walnut CreTargeted samplewat SM 2320 B General Chemistry
SGLT506 6/11/2007 Walnut CreTargeted samplewat SM 2320 B General Chemistry
SGLT506 6/17/2008 Walnut CreTargeted Samplewat SM 2320 B General Chemistry
SGLT506 7/25/2005 Walnut CreTargeted samplewat EPA 130.2 General Chemistry
SGLT506 7/19/2006 Walnut CreTargeted samplewat EPA 130.2 General Chemistry
SGLT506 6/11/2007 Walnut CreTargeted samplewat SM 2340 C General Chemistry
SGLT506 6/11/2007 Walnut CreTargeted samplewat SM 2340 C General Chemistry
SGLT506 6/17/2008 Walnut CreTargeted Samplewat SM 2340 B General Chemistry
SGLT506 6/17/2009 Walnut CreTargeted Samplewat SM 4500-N General Chemistry
SGLT506 6/17/2009 Walnut CreTargeted Samplewat SM 4500-N General Chemistry
SGLT506 7/25/2005 Walnut CreTargeted samplewat EPA 451.1 General Chemistry
SGLT506 7/19/2006 Walnut CreTargeted samplewat EPA 415.1 General Chemistry
SGLT506 6/11/2007 Walnut CreTargeted samplewat EPA 415.1 General Chemistry
SGLT506 6/11/2007 Walnut CreTargeted samplewat EPA 415.1 General Chemistry
SGLT506 6/17/2008 Walnut CreTargeted Samplewat SM 5310 B General Chemistry
SGLT506 6/17/2009 Walnut CreTargeted Samplewat SM 5310 B General Chemistry
SGLT506 6/17/2009 Walnut CreTargeted Samplewat SM 5310 B General Chemistry
SGLT506 6/17/2009 Walnut CreTargeted Samplewat EPA 300.0 Ions
SGLT506 6/17/2009 Walnut CreTargeted Samplewat EPA 300.0 Ions
SGLT506 6/17/2009 Walnut CreTargeted Samplewat SM 4500-Si Ions
SGLT506 6/17/2009 Walnut CreTargeted Samplewat SM 4500-Si Ions
SGLT506 6/17/2009 Walnut CreTargeted Samplewat EPA 300.0 Ions
SGLT506 6/17/2009 Walnut CreTargeted Samplewat EPA 300.0 Ions
SGLT506 7/25/2005 Walnut CreTargeted samplewat EPA 200.8 Metals



SGLT506 7/19/2006 Walnut CreTargeted samplewat EPA 200.8 Metals
SGLT506 6/11/2007 Walnut CreTargeted samplewat EPA 200.8 Metals
SGLT506 6/11/2007 Walnut CreTargeted samplewat EPA 200.8 Metals
SGLT506 6/17/2008 Walnut CreTargeted Samplewat EPA 200.8 Metals
SGLT506 6/17/2009 Walnut CreTargeted Samplewat EPA 200.8 Metals
SGLT506 6/17/2009 Walnut CreTargeted Samplewat EPA 200.8 Metals
SGLT506 7/25/2005 Walnut CreTargeted samplewat EPA 200.8 Metals
SGLT506 7/19/2006 Walnut CreTargeted samplewat EPA 200.8 Metals
SGLT506 6/11/2007 Walnut CreTargeted samplewat EPA 200.8 Metals
SGLT506 6/11/2007 Walnut CreTargeted samplewat EPA 200.8 Metals
SGLT506 6/17/2008 Walnut CreTargeted Samplewat EPA 200.8 Metals
SGLT506 6/17/2009 Walnut CreTargeted Samplewat EPA 200.8 Metals
SGLT506 6/17/2009 Walnut CreTargeted Samplewat EPA 200.8 Metals
SGLT506 6/11/2007 Walnut CreTargeted samplewat EPA 200.8 Metals
SGLT506 6/11/2007 Walnut CreTargeted samplewat EPA 200.8 Metals
SGLT506 6/17/2008 Walnut CreTargeted Samplewat EPA 200.8 Metals
SGLT506 6/17/2009 Walnut CreTargeted Samplewat EPA 200.8 Metals
SGLT506 6/17/2009 Walnut CreTargeted Samplewat EPA 200.8 Metals
SGLT506 6/11/2007 Walnut CreTargeted samplewat EPA 200.8 Metals
SGLT506 6/11/2007 Walnut CreTargeted samplewat EPA 200.8 Metals
SGLT506 6/17/2008 Walnut CreTargeted Samplewat EPA 200.8 Metals
SGLT506 6/17/2009 Walnut CreTargeted Samplewat EPA 200.8 Metals
SGLT506 6/17/2009 Walnut CreTargeted Samplewat EPA 200.8 Metals
SGLT506 7/25/2005 Walnut CreTargeted samplewat EPA 200.8 Metals
SGLT506 7/19/2006 Walnut CreTargeted samplewat EPA 200.8 Metals
SGLT506 6/11/2007 Walnut CreTargeted samplewat EPA 200.8 Metals
SGLT506 6/11/2007 Walnut CreTargeted samplewat EPA 200.8 Metals
SGLT506 6/17/2008 Walnut CreTargeted Samplewat EPA 200.8 Metals
SGLT506 6/17/2009 Walnut CreTargeted Samplewat EPA 200.8 Metals
SGLT506 6/17/2009 Walnut CreTargeted Samplewat EPA 200.8 Metals
SGLT506 7/25/2005 Walnut CreTargeted samplewat EPA 200.8 Metals
SGLT506 7/19/2006 Walnut CreTargeted samplewat EPA 200.8 Metals
SGLT506 6/11/2007 Walnut CreTargeted samplewat EPA 200.8 Metals
SGLT506 6/11/2007 Walnut CreTargeted samplewat EPA 200.8 Metals
SGLT506 6/17/2008 Walnut CreTargeted Samplewat EPA 200.8 Metals
SGLT506 6/17/2009 Walnut CreTargeted Samplewat EPA 200.8 Metals
SGLT506 6/17/2009 Walnut CreTargeted Samplewat EPA 200.8 Metals
SGLT506 6/11/2007 Walnut CreTargeted samplewat EPA 200.8 Metals
SGLT506 6/11/2007 Walnut CreTargeted samplewat EPA 200.8 Metals
SGLT506 6/17/2008 Walnut CreTargeted Samplewat EPA 200.8 Metals
SGLT506 6/17/2009 Walnut CreTargeted Samplewat EPA 200.8 Metals
SGLT506 6/17/2009 Walnut CreTargeted Samplewat EPA 200.8 Metals
SGLT506 6/11/2007 Walnut CreTargeted samplewat EPA 200.8 Metals
SGLT506 6/11/2007 Walnut CreTargeted samplewat EPA 200.8 Metals
SGLT506 6/17/2008 Walnut CreTargeted Samplewat EPA 200.8 Metals
SGLT506 6/17/2009 Walnut CreTargeted Samplewat EPA 200.8 Metals
SGLT506 6/17/2009 Walnut CreTargeted Samplewat EPA 200.8 Metals



SGLT506 6/11/2007 Walnut CreTargeted samplewat EPA 200.8 Metals
SGLT506 6/11/2007 Walnut CreTargeted samplewat EPA 200.8 Metals
SGLT506 6/17/2008 Walnut CreTargeted Samplewat EPA 200.8 Metals
SGLT506 6/17/2009 Walnut CreTargeted Samplewat EPA 200.8 Metals
SGLT506 6/17/2009 Walnut CreTargeted Samplewat EPA 200.8 Metals
SGLT506 6/11/2007 Walnut CreTargeted samplewat EPA 200.8 Metals
SGLT506 6/11/2007 Walnut CreTargeted samplewat EPA 200.8 Metals
SGLT506 6/17/2008 Walnut CreTargeted Samplewat EPA 200.8 Metals
SGLT506 6/17/2009 Walnut CreTargeted Samplewat EPA 200.8 Metals
SGLT506 6/17/2009 Walnut CreTargeted Samplewat EPA 200.8 Metals
SGLT506 7/25/2005 Walnut CreTargeted samplewat EPA 200.8 Metals
SGLT506 7/19/2006 Walnut CreTargeted samplewat EPA 200.8 Metals
SGLT506 6/11/2007 Walnut CreTargeted samplewat EPA 200.8 Metals
SGLT506 6/11/2007 Walnut CreTargeted samplewat EPA 200.8 Metals
SGLT506 6/17/2008 Walnut CreTargeted Samplewat EPA 200.8 Metals
SGLT506 6/17/2009 Walnut CreTargeted Samplewat EPA 200.8 Metals
SGLT506 6/17/2009 Walnut CreTargeted Samplewat EPA 200.8 Metals
SGLT506 7/25/2005 Walnut CreTargeted samplewat EPA 200.8 Metals
SGLT506 7/19/2006 Walnut CreTargeted samplewat EPA 200.8 Metals
SGLT506 6/11/2007 Walnut CreTargeted samplewat EPA 200.8 Metals
SGLT506 6/11/2007 Walnut CreTargeted samplewat EPA 200.8 Metals
SGLT506 6/17/2008 Walnut CreTargeted Samplewat EPA 200.8 Metals
SGLT506 6/17/2009 Walnut CreTargeted Samplewat EPA 200.8 Metals
SGLT506 6/17/2009 Walnut CreTargeted Samplewat EPA 200.8 Metals
SGLT506 7/25/2005 Walnut CreTargeted samplewat EPA 200.8 Metals
SGLT506 7/19/2006 Walnut CreTargeted samplewat EPA 200.8 Metals
SGLT506 6/11/2007 Walnut CreTargeted samplewat EPA 200.8 Metals
SGLT506 6/11/2007 Walnut CreTargeted samplewat EPA 200.8 Metals
SGLT506 6/17/2008 Walnut CreTargeted Samplewat EPA 200.8 Metals
SGLT506 6/17/2009 Walnut CreTargeted Samplewat EPA 200.8 Metals
SGLT506 6/17/2009 Walnut CreTargeted Samplewat EPA 200.8 Metals
SGLT506 7/25/2005 Walnut CreTargeted samplewat EPA 200.8 Metals
SGLT506 7/19/2006 Walnut CreTargeted samplewat EPA 200.8 Metals
SGLT506 6/11/2007 Walnut CreTargeted samplewat EPA 200.8 Metals
SGLT506 6/11/2007 Walnut CreTargeted samplewat EPA 200.8 Metals
SGLT506 6/17/2008 Walnut CreTargeted Samplewat EPA 200.8 Metals
SGLT506 6/17/2009 Walnut CreTargeted Samplewat EPA 200.8 Metals
SGLT506 6/17/2009 Walnut CreTargeted Samplewat EPA 200.8 Metals
SGLT506 6/11/2007 Walnut CreTargeted samplewat EPA 200.8 Metals
SGLT506 6/11/2007 Walnut CreTargeted samplewat EPA 200.8 Metals
SGLT506 6/17/2008 Walnut CreTargeted Samplewat EPA 200.8 Metals
SGLT506 6/17/2009 Walnut CreTargeted Samplewat EPA 200.8 Metals
SGLT506 6/17/2009 Walnut CreTargeted Samplewat EPA 200.8 Metals
SGLT506 6/11/2007 Walnut CreTargeted samplewat EPA 200.8 Metals
SGLT506 6/11/2007 Walnut CreTargeted samplewat EPA 200.8 Metals
SGLT506 6/17/2008 Walnut CreTargeted Samplewat EPA 200.8 Metals
SGLT506 6/17/2009 Walnut CreTargeted Samplewat EPA 200.8 Metals



SGLT506 6/17/2009 Walnut CreTargeted Samplewat EPA 200.8 Metals
SGLT506 7/25/2005 Walnut CreTargeted samplewat EPA 200.8 Metals
SGLT506 7/19/2006 Walnut CreTargeted samplewat EPA 200.8 Metals
SGLT506 6/11/2007 Walnut CreTargeted samplewat EPA 200.8 Metals
SGLT506 6/11/2007 Walnut CreTargeted samplewat EPA 200.8 Metals
SGLT506 6/17/2008 Walnut CreTargeted Samplewat EPA 200.8 Metals
SGLT506 6/17/2009 Walnut CreTargeted Samplewat EPA 200.8 Metals
SGLT506 6/17/2009 Walnut CreTargeted Samplewat EPA 200.8 Metals
SGLT506 7/25/2005 Walnut CreTargeted samplewat EPA 200.8 Metals
SGLT506 7/19/2006 Walnut CreTargeted samplewat EPA 200.8 Metals
SGLT506 6/11/2007 Walnut CreTargeted samplewat EPA 200.8 Metals
SGLT506 6/11/2007 Walnut CreTargeted samplewat EPA 200.8 Metals
SGLT506 6/17/2008 Walnut CreTargeted Samplewat EPA 200.8 Metals
SGLT506 6/17/2009 Walnut CreTargeted Samplewat EPA 200.8 Metals
SGLT506 6/17/2009 Walnut CreTargeted Samplewat EPA 200.8 Metals
SGLT506 7/25/2005 Walnut CreTargeted samplewat EPA 236.1 Metals
SGLT506 7/19/2006 Walnut CreTargeted samplewat EPA 236.1 Metals
SGLT506 6/11/2007 Walnut CreTargeted samplewat EPA 200.8 Metals
SGLT506 6/11/2007 Walnut CreTargeted samplewat EPA 200.8 Metals
SGLT506 6/17/2008 Walnut CreTargeted Samplewat EPA 200.8 Metals
SGLT506 6/17/2009 Walnut CreTargeted Samplewat EPA 200.8 Metals
SGLT506 6/17/2009 Walnut CreTargeted Samplewat EPA 200.8 Metals
SGLT506 7/25/2005 Walnut CreTargeted samplewat EPA 236.1 Metals
SGLT506 7/19/2006 Walnut CreTargeted samplewat EPA 236.1 Metals
SGLT506 6/11/2007 Walnut CreTargeted samplewat EPA 200.8 Metals
SGLT506 6/11/2007 Walnut CreTargeted samplewat EPA 200.8 Metals
SGLT506 6/17/2008 Walnut CreTargeted Samplewat EPA 200.8 Metals
SGLT506 6/17/2009 Walnut CreTargeted Samplewat EPA 200.8 Metals
SGLT506 6/17/2009 Walnut CreTargeted Samplewat EPA 200.8 Metals
SGLT506 7/25/2005 Walnut CreTargeted samplewat EPA 200.8 Metals
SGLT506 7/19/2006 Walnut CreTargeted samplewat EPA 200.8 Metals
SGLT506 6/11/2007 Walnut CreTargeted samplewat EPA 200.8 Metals
SGLT506 6/11/2007 Walnut CreTargeted samplewat EPA 200.8 Metals
SGLT506 6/17/2008 Walnut CreTargeted Samplewat EPA 200.8 Metals
SGLT506 6/17/2009 Walnut CreTargeted Samplewat EPA 200.8 Metals
SGLT506 6/17/2009 Walnut CreTargeted Samplewat EPA 200.8 Metals
SGLT506 7/25/2005 Walnut CreTargeted samplewat EPA 200.8 Metals
SGLT506 7/19/2006 Walnut CreTargeted samplewat EPA 200.8 Metals
SGLT506 6/11/2007 Walnut CreTargeted samplewat EPA 200.8 Metals
SGLT506 6/11/2007 Walnut CreTargeted samplewat EPA 200.8 Metals
SGLT506 6/17/2008 Walnut CreTargeted Samplewat EPA 200.8 Metals
SGLT506 6/17/2009 Walnut CreTargeted Samplewat EPA 200.8 Metals
SGLT506 6/17/2009 Walnut CreTargeted Samplewat EPA 200.8 Metals
SGLT506 6/11/2007 Walnut CreTargeted samplewat EPA 200.8 Metals
SGLT506 6/11/2007 Walnut CreTargeted samplewat EPA 200.8 Metals
SGLT506 6/17/2008 Walnut CreTargeted Samplewat EPA 200.8 Metals
SGLT506 6/17/2009 Walnut CreTargeted Samplewat EPA 200.8 Metals



SGLT506 6/17/2009 Walnut CreTargeted Samplewat EPA 200.8 Metals
SGLT506 6/11/2007 Walnut CreTargeted samplewat EPA 200.8 Metals
SGLT506 6/11/2007 Walnut CreTargeted samplewat EPA 200.8 Metals
SGLT506 6/17/2008 Walnut CreTargeted Samplewat EPA 200.8 Metals
SGLT506 6/17/2009 Walnut CreTargeted Samplewat EPA 200.8 Metals
SGLT506 6/17/2009 Walnut CreTargeted Samplewat EPA 200.8 Metals
SGLT506 6/11/2007 Walnut CreTargeted samplewat EPA 245.1 Metals
SGLT506 6/11/2007 Walnut CreTargeted samplewat EPA 245.1 Metals
SGLT506 6/17/2008 Walnut CreTargeted Samplewat EPA 1631E Metals
SGLT506 6/17/2009 Walnut CreTargeted Samplewat EPA 1631E Metals
SGLT506 6/17/2009 Walnut CreTargeted Samplewat EPA 1631E Metals
SGLT506 6/11/2007 Walnut CreTargeted samplewat EPA 245.1 Metals
SGLT506 6/11/2007 Walnut CreTargeted samplewat EPA 245.1 Metals
SGLT506 6/17/2008 Walnut CreTargeted Samplewat EPA 1631E Metals
SGLT506 6/17/2009 Walnut CreTargeted Samplewat EPA 1631E Metals
SGLT506 6/17/2009 Walnut CreTargeted Samplewat EPA 1631E Metals
SGLT506 6/11/2007 Walnut CreTargeted samplewat EPA 200.8 Metals
SGLT506 6/11/2007 Walnut CreTargeted samplewat EPA 200.8 Metals
SGLT506 6/17/2008 Walnut CreTargeted Samplewat EPA 200.8 Metals
SGLT506 6/17/2009 Walnut CreTargeted Samplewat EPA 200.8 Metals
SGLT506 6/17/2009 Walnut CreTargeted Samplewat EPA 200.8 Metals
SGLT506 6/11/2007 Walnut CreTargeted samplewat EPA 200.8 Metals
SGLT506 6/11/2007 Walnut CreTargeted samplewat EPA 200.8 Metals
SGLT506 6/17/2008 Walnut CreTargeted Samplewat EPA 200.8 Metals
SGLT506 6/17/2009 Walnut CreTargeted Samplewat EPA 200.8 Metals
SGLT506 6/17/2009 Walnut CreTargeted Samplewat EPA 200.8 Metals
SGLT506 7/25/2005 Walnut CreTargeted samplewat EPA 200.8 Metals
SGLT506 7/19/2006 Walnut CreTargeted samplewat EPA 200.8 Metals
SGLT506 6/11/2007 Walnut CreTargeted samplewat EPA 200.8 Metals
SGLT506 6/11/2007 Walnut CreTargeted samplewat EPA 200.8 Metals
SGLT506 6/17/2008 Walnut CreTargeted Samplewat EPA 200.8 Metals
SGLT506 6/17/2009 Walnut CreTargeted Samplewat EPA 200.8 Metals
SGLT506 6/17/2009 Walnut CreTargeted Samplewat EPA 200.8 Metals
SGLT506 7/25/2005 Walnut CreTargeted samplewat EPA 200.8 Metals
SGLT506 7/19/2006 Walnut CreTargeted samplewat EPA 200.8 Metals
SGLT506 6/11/2007 Walnut CreTargeted samplewat EPA 200.8 Metals
SGLT506 6/11/2007 Walnut CreTargeted samplewat EPA 200.8 Metals
SGLT506 6/17/2008 Walnut CreTargeted Samplewat EPA 200.8 Metals
SGLT506 6/17/2009 Walnut CreTargeted Samplewat EPA 200.8 Metals
SGLT506 6/17/2009 Walnut CreTargeted Samplewat EPA 200.8 Metals
SGLT506 7/25/2005 Walnut CreTargeted samplewat EPA 200.8 Metals
SGLT506 7/19/2006 Walnut CreTargeted samplewat EPA 200.8 Metals
SGLT506 6/11/2007 Walnut CreTargeted samplewat EPA 200.8 Metals
SGLT506 6/11/2007 Walnut CreTargeted samplewat EPA 200.8 Metals
SGLT506 6/17/2008 Walnut CreTargeted Samplewat EPA 200.8 Metals
SGLT506 6/17/2009 Walnut CreTargeted Samplewat EPA 200.8 Metals
SGLT506 6/17/2009 Walnut CreTargeted Samplewat EPA 200.8 Metals



SGLT506 7/25/2005 Walnut CreTargeted samplewat EPA 200.8 Metals
SGLT506 7/19/2006 Walnut CreTargeted samplewat EPA 200.8 Metals
SGLT506 6/11/2007 Walnut CreTargeted samplewat EPA 200.8 Metals
SGLT506 6/11/2007 Walnut CreTargeted samplewat EPA 200.8 Metals
SGLT506 6/17/2008 Walnut CreTargeted Samplewat EPA 200.8 Metals
SGLT506 6/17/2009 Walnut CreTargeted Samplewat EPA 200.8 Metals
SGLT506 6/17/2009 Walnut CreTargeted Samplewat EPA 200.8 Metals
SGLT506 6/11/2007 Walnut CreTargeted samplewat EPA 200.8 Metals
SGLT506 6/11/2007 Walnut CreTargeted samplewat EPA 200.8 Metals
SGLT506 6/17/2008 Walnut CreTargeted Samplewat EPA 200.8 Metals
SGLT506 6/17/2009 Walnut CreTargeted Samplewat EPA 200.8 Metals
SGLT506 6/17/2009 Walnut CreTargeted Samplewat EPA 200.8 Metals
SGLT506 6/11/2007 Walnut CreTargeted samplewat EPA 200.8 Metals
SGLT506 6/11/2007 Walnut CreTargeted samplewat EPA 200.8 Metals
SGLT506 6/17/2008 Walnut CreTargeted Samplewat EPA 200.8 Metals
SGLT506 6/17/2009 Walnut CreTargeted Samplewat EPA 200.8 Metals
SGLT506 6/17/2009 Walnut CreTargeted Samplewat EPA 200.8 Metals
SGLT506 6/17/2008 Walnut CreTargeted Samplewat EPA 200.8 Metals
SGLT506 6/17/2009 Walnut CreTargeted Samplewat EPA 200.8 Metals
SGLT506 6/17/2009 Walnut CreTargeted Samplewat EPA 200.8 Metals
SGLT506 6/17/2008 Walnut CreTargeted Samplewat EPA 200.8 Metals
SGLT506 6/17/2009 Walnut CreTargeted Samplewat EPA 200.8 Metals
SGLT506 6/17/2009 Walnut CreTargeted Samplewat EPA 200.8 Metals
SGLT506 6/11/2007 Walnut CreTargeted samplewat EPA 200.8 Metals
SGLT506 6/11/2007 Walnut CreTargeted samplewat EPA 200.8 Metals
SGLT506 6/17/2008 Walnut CreTargeted Samplewat EPA 200.8 Metals
SGLT506 6/17/2009 Walnut CreTargeted Samplewat EPA 200.8 Metals
SGLT506 6/17/2009 Walnut CreTargeted Samplewat EPA 200.8 Metals
SGLT506 6/11/2007 Walnut CreTargeted samplewat EPA 200.8 Metals
SGLT506 6/11/2007 Walnut CreTargeted samplewat EPA 200.8 Metals
SGLT506 6/17/2008 Walnut CreTargeted Samplewat EPA 200.8 Metals
SGLT506 6/17/2009 Walnut CreTargeted Samplewat EPA 200.8 Metals
SGLT506 6/17/2009 Walnut CreTargeted Samplewat EPA 200.8 Metals
SGLT506 6/17/2008 Walnut CreTargeted Samplewat EPA 200.8 Metals
SGLT506 6/17/2009 Walnut CreTargeted Samplewat EPA 200.8 Metals
SGLT506 6/17/2009 Walnut CreTargeted Samplewat EPA 200.8 Metals
SGLT506 6/17/2008 Walnut CreTargeted Samplewat EPA 200.8 Metals
SGLT506 6/17/2009 Walnut CreTargeted Samplewat EPA 200.8 Metals
SGLT506 6/17/2009 Walnut CreTargeted Samplewat EPA 200.8 Metals
SGLT506 6/17/2008 Walnut CreTargeted Samplewat EPA 200.8 Metals
SGLT506 6/17/2009 Walnut CreTargeted Samplewat EPA 200.8 Metals
SGLT506 6/17/2009 Walnut CreTargeted Samplewat EPA 200.8 Metals
SGLT506 6/17/2008 Walnut CreTargeted Samplewat EPA 200.8 Metals
SGLT506 6/17/2009 Walnut CreTargeted Samplewat EPA 200.8 Metals
SGLT506 6/17/2009 Walnut CreTargeted Samplewat EPA 200.8 Metals
SGLT506 6/11/2007 Walnut CreTargeted samplewat EPA 200.8 Metals
SGLT506 6/11/2007 Walnut CreTargeted samplewat EPA 200.8 Metals



SGLT506 6/17/2008 Walnut CreTargeted Samplewat EPA 200.8 Metals
SGLT506 6/17/2009 Walnut CreTargeted Samplewat EPA 200.8 Metals
SGLT506 6/17/2009 Walnut CreTargeted Samplewat EPA 200.8 Metals
SGLT506 6/11/2007 Walnut CreTargeted samplewat EPA 200.8 Metals
SGLT506 6/11/2007 Walnut CreTargeted samplewat EPA 200.8 Metals
SGLT506 6/17/2008 Walnut CreTargeted Samplewat EPA 200.8 Metals
SGLT506 6/17/2009 Walnut CreTargeted Samplewat EPA 200.8 Metals
SGLT506 6/17/2009 Walnut CreTargeted Samplewat EPA 200.8 Metals
SGLT506 7/25/2005 Walnut CreTargeted samplewat EPA 200.8 Metals
SGLT506 7/19/2006 Walnut CreTargeted samplewat EPA 200.8 Metals
SGLT506 6/11/2007 Walnut CreTargeted samplewat EPA 200.8 Metals
SGLT506 6/11/2007 Walnut CreTargeted samplewat EPA 200.8 Metals
SGLT506 6/17/2008 Walnut CreTargeted Samplewat EPA 200.8 Metals
SGLT506 6/17/2009 Walnut CreTargeted Samplewat EPA 200.8 Metals
SGLT506 6/17/2009 Walnut CreTargeted Samplewat EPA 200.8 Metals
SGLT506 7/25/2005 Walnut CreTargeted samplewat EPA 200.8 Metals
SGLT506 7/19/2006 Walnut CreTargeted samplewat EPA 200.8 Metals
SGLT506 6/11/2007 Walnut CreTargeted samplewat EPA 200.8 Metals
SGLT506 6/11/2007 Walnut CreTargeted samplewat EPA 200.8 Metals
SGLT506 6/17/2008 Walnut CreTargeted Samplewat EPA 200.8 Metals
SGLT506 6/17/2009 Walnut CreTargeted Samplewat EPA 200.8 Metals
SGLT506 6/17/2009 Walnut CreTargeted Samplewat EPA 200.8 Metals
SGLT506 6/11/2007 Walnut CreTargeted samplewat OP Scan Organophosphorus
SGLT506 6/11/2007 Walnut CreTargeted samplewat OP Scan Organophosphorus
SGLT506 6/17/2008 Walnut CreTargeted Samplewat EPA 625 Organophosphorus
SGLT506 7/25/2005 Walnut CreTargeted samplewat EPA 507 Organophosphorus
SGLT506 6/11/2007 Walnut CreTargeted samplewat OP Scan Organophosphorus
SGLT506 6/11/2007 Walnut CreTargeted samplewat OP Scan Organophosphorus
SGLT506 6/17/2008 Walnut CreTargeted Samplewat EPA 625 Organophosphorus
SGLT506 6/11/2007 Walnut CreTargeted samplewat OP Scan Organophosphorus
SGLT506 6/11/2007 Walnut CreTargeted samplewat OP Scan Organophosphorus
SGLT506 6/17/2008 Walnut CreTargeted Samplewat EPA 625 Organophosphorus
SGLT506 7/25/2005 Walnut CreTargeted samplewat EPA 507 Organophosphorus
SGLT506 6/11/2007 Walnut CreTargeted samplewat OP Scan Organophosphorus
SGLT506 6/11/2007 Walnut CreTargeted samplewat OP Scan Organophosphorus
SGLT506 6/17/2008 Walnut CreTargeted Samplewat EPA 625 Organophosphorus
SGLT506 6/11/2007 Walnut CreTargeted samplewat OP Scan Organophosphorus
SGLT506 6/11/2007 Walnut CreTargeted samplewat OP Scan Organophosphorus
SGLT506 6/17/2008 Walnut CreTargeted Samplewat EPA 625 Organophosphorus
SGLT506 6/11/2007 Walnut CreTargeted samplewat OP Scan Organophosphorus
SGLT506 6/11/2007 Walnut CreTargeted samplewat OP Scan Organophosphorus
SGLT506 6/17/2008 Walnut CreTargeted Samplewat EPA 625 Organophosphorus
SGLT506 6/11/2007 Walnut CreTargeted samplewat OP Scan Organophosphorus
SGLT506 6/11/2007 Walnut CreTargeted samplewat OP Scan Organophosphorus
SGLT506 6/17/2008 Walnut CreTargeted Samplewat EPA 625 Organophosphorus
SGLT506 6/11/2007 Walnut CreTargeted samplewat OP Scan Organophosphorus
SGLT506 6/11/2007 Walnut CreTargeted samplewat OP Scan Organophosphorus



SGLT506 6/17/2008 Walnut CreTargeted Samplewat EPA 625 Organophosphorus
SGLT506 6/11/2007 Walnut CreTargeted samplewat OP Scan Organophosphorus
SGLT506 6/11/2007 Walnut CreTargeted samplewat OP Scan Organophosphorus
SGLT506 6/17/2008 Walnut CreTargeted Samplewat EPA 625 Organophosphorus
SGLT506 6/11/2007 Walnut CreTargeted samplewat OP Scan Organophosphorus
SGLT506 6/11/2007 Walnut CreTargeted samplewat OP Scan Organophosphorus
SGLT506 6/17/2008 Walnut CreTargeted Samplewat EPA 625 Organophosphorus
SGLT506 6/11/2007 Walnut CreTargeted samplewat OP Scan Organophosphorus
SGLT506 6/11/2007 Walnut CreTargeted samplewat OP Scan Organophosphorus
SGLT506 6/17/2008 Walnut CreTargeted Samplewat EPA 625 Organophosphorus
SGLT506 6/11/2007 Walnut CreTargeted samplewat OP Scan Organophosphorus
SGLT506 6/11/2007 Walnut CreTargeted samplewat OP Scan Organophosphorus
SGLT506 6/17/2008 Walnut CreTargeted Samplewat EPA 625 Organophosphorus
SGLT506 6/11/2007 Walnut CreTargeted samplewat OP Scan Organophosphorus
SGLT506 6/11/2007 Walnut CreTargeted samplewat OP Scan Organophosphorus
SGLT506 6/17/2008 Walnut CreTargeted Samplewat EPA 625 Organophosphorus
SGLT506 6/11/2007 Walnut CreTargeted samplewat OP Scan Organophosphorus
SGLT506 6/11/2007 Walnut CreTargeted samplewat OP Scan Organophosphorus
SGLT506 6/17/2008 Walnut CreTargeted Samplewat EPA 625 Organophosphorus
SGLT506 6/11/2007 Walnut CreTargeted samplewat OP Scan Organophosphorus
SGLT506 6/11/2007 Walnut CreTargeted samplewat OP Scan Organophosphorus
SGLT506 6/17/2008 Walnut CreTargeted Samplewat EPA 625 Organophosphorus
SGLT506 6/11/2007 Walnut CreTargeted samplewat OP Scan Organophosphorus
SGLT506 6/11/2007 Walnut CreTargeted samplewat OP Scan Organophosphorus
SGLT506 6/17/2008 Walnut CreTargeted Samplewat EPA 625 Organophosphorus
SGLT506 6/11/2007 Walnut CreTargeted samplewat OP Scan Organophosphorus
SGLT506 6/11/2007 Walnut CreTargeted samplewat OP Scan Organophosphorus
SGLT506 6/17/2008 Walnut CreTargeted Samplewat EPA 625 Organophosphorus
SGLT506 6/11/2007 Walnut CreTargeted samplewat OP Scan Organophosphorus
SGLT506 6/11/2007 Walnut CreTargeted samplewat OP Scan Organophosphorus
SGLT506 6/17/2008 Walnut CreTargeted Samplewat EPA 625 Organophosphorus
SGLT506 6/11/2007 Walnut CreTargeted samplewat OP Scan Organophosphorus
SGLT506 6/11/2007 Walnut CreTargeted samplewat OP Scan Organophosphorus
SGLT506 6/17/2008 Walnut CreTargeted Samplewat EPA 625 Organophosphorus
SGLT506 6/17/2009 Walnut CreTargeted Samplewat EPA 625 Pyrethroid
SGLT506 6/17/2009 Walnut CreTargeted Samplewat EPA 625 Pyrethroid
SGLT506 6/17/2009 Walnut CreTargeted Samplewat EPA 625 Pyrethroid
SGLT506 6/17/2009 Walnut CreTargeted Samplewat EPA 625 Pyrethroid
SGLT506 6/17/2009 Walnut CreTargeted Samplewat EPA 625 Pyrethroid
SGLT506 6/17/2009 Walnut CreTargeted Samplewat EPA 625 Pyrethroid
SGLT506 6/17/2009 Walnut CreTargeted Samplewat EPA 625 Pyrethroid
SGLT506 6/17/2009 Walnut CreTargeted Samplewat EPA 625 Pyrethroid
SGLT506 6/17/2009 Walnut CreTargeted Samplewat EPA 625 Pyrethroid
SGLT506 6/17/2009 Walnut CreTargeted Samplewat EPA 625 Pyrethroid
SGLT506 6/17/2009 Walnut CreTargeted Samplewat EPA 625 Pyrethroid



Analyte Name Fraction NaUnit Result ResQualCodMDL RL
Alkalinity as CaCO3 None mg/L 166 1 5
Alkalinity as CaCO3 None mg/L 162 1 5
Ammonia as N None mg/L 0.287 -88 0.05
Ammonia as N none mg/L 0.281 0.05
Ammonia as N None mg/l 0 ND -88 0.1
Ammonia as N None mg/l 0.13 -88 0.1
Ammonia as N None mg/L 0.03 0.03 0.03
Ammonia as N None mg/L 1 0.03 0.03
Dissolved Organic Carbon None mg/L 38 -88 1
Dissolved Organic Carbon None mg/L 5.53 1
Dissolved Organic Carbon None mg/L 1.85 -88 0.5
Dissolved Organic Carbon None mg/L 1.87 -88 0.5
Dissolved Organic Carbon None mg/L 21.7 0.1 0.2
Dissolved Organic Carbon None mg/L 16.4 0.1 0.2
Dissolved Organic Carbon None mg/L 16.6 0.1 0.2
Dissolved Solids Total mg/L 288 2
Dissolved Solids Total mg/L 554 -88 2
Dissolved Solids Total mg/L 580 -88 2
Dissolved Solids Total mg/L 820 0.1 5
Dissolved Solids Total mg/L 864 0.1 5
Hardness as CaCO3 None mg/L 310.2 1 5
Hardness as CaCO3 None mg/L 308.8 1 5
Nitrate as N None mg/L 0 ND -88 0.05
Nitrate as N none mg/L 0.065484 0.05
Nitrate as N None mg/L 3.18 -88 0.1
Nitrate as N None mg/L 3.2 -88 0.1
Nitrate as N None mg/L 0.52 0.01 0.05
Nitrate as N None mg/L 0.3 0.01 0.05
Nitrate as N None mg/L 0.31 0.01 0.05
Nitrite as N None mg/L 0 ND -88 0.05
Nitrite as N none mg/L 0 ND -88 0.05
Nitrite as N None mg/L 0 ND -88 0.1
Nitrite as N None mg/L 0 ND -88 0.1
Nitrite as N None mg/L 0.09 0.01 0.05
Nitrite as N None mg/L 0.04 DNQ 0.01 0.05
Nitrite as N None mg/L 0.04 DNQ 0.01 0.05
Nitrogen Total Kjeldahl None mg/L 4.66 -88 0.05
Nitrogen Total Kjeldahl None mg/L 3.32 0.05
Nitrogen Total Kjeldahl None mg/L 0.4 -88 0.1
Nitrogen Total Kjeldahl None mg/L 0.34 -88 0.1
Nitrogen Total Kjeldahl None mg/L 12 0.46 0.5
OrthoPhosphate as P None mg/L 0.05 0.01 0.01
OrthoPhosphate as P None mg/L 0.05 0.01 0.01
OrthoPhosphate as P Total mg/L 0.019 -88 0.01
OrthoPhosphate as P Total mg/L 0 ND -88 0.05
OrthoPhosphate as P Total mg/L 0 ND -88 1



OrthoPhosphate as P Total mg/L 0 ND -88 1
OrthoPhosphate as P Total mg/L 0.02 0.01 0.01
pH None none 7.96 -88 -88
pH none none 8.12
pH None none 8.05 -88 -88
pH None none 8.13 -88 -88
pH None none 8.8 0.1 0.1
Phosphorus as P None mg/L 0.13 0.016 0.05
Phosphorus as P None mg/L 0.129 0.016 0.05
Phosphorus as P Total mg/L 0.09 -88 0.05
Phosphorus as P Total mg/L 0.284 0.05
Phosphorus as P Total mg/L 0.05 -88 0.05
Phosphorus as P Total mg/L 0 ND -88 0.05
Phosphorus as P Total mg/L 0.082 0.016 0.05
Suspended Solids Total mg/L 7 -88 1
Suspended Solids Total mg/L 81 2
Suspended Solids Total mg/L 6 -88 2
Suspended Solids Total mg/L 5 -88 2
Suspended Solids Total mg/L 2.3 DNQ 0.5 5
Suspended Solids Total mg/L 6.4 0.5 5
Suspended Solids Total mg/L 6.8 0.5 5
Total Alkalinity None mg/L 206 -88 2
Total Alkalinity None mg/L 123 2
Total Alkalinity None mg/L 110 -88 1
Total Alkalinity None mg/L 104.5 -88 1
Total Alkalinity None mg/L 118 1 5
Total Hardness None mg/L 415 -88 2
Total Hardness None mg/L 190 2
Total Hardness None mg/L 290 -88 2
Total Hardness None mg/L 290 -88 2
Total Hardness None mg/L 274.2 1 5
Total Nitrogen None mg/L 2.8 DNQ 2 4
Total Nitrogen None mg/L 2.8 DNQ 2 4
Total Organic Carbon None mg/L 40.9 -88 1
Total Organic Carbon None mg/L 6.21 1
Total Organic Carbon None mg/L 1.94 -88 1
Total Organic Carbon None mg/L 1.94 -88 1
Total Organic Carbon None mg/L 23 0.1 0.2
Total Organic Carbon None mg/L 16 0.1 0.2
Total Organic Carbon None mg/L 16 0.1 0.2
Chloride None mg/L 227.3 0.02 0.05
Chloride None mg/L 226.18 0.02 0.05
Silica None mg/L 21.8 0.1 0.5
Silica None mg/L 24.4 0.1 0.5
Sulfate None mg/L 161.35 0.01 0.05
Sulfate None mg/L 160.49 0.01 0.05
Aluminum Dissolved µg/L 30.5 -88 0.1



Aluminum Dissolved µg/L 735 1
Aluminum Dissolved µg/L 0 ND -88 100
Aluminum Dissolved µg/L 0 ND -88 100
Aluminum Dissolved µg/L 0 ND 5 10
Aluminum Dissolved µg/L 10 5 10
Aluminum Dissolved µg/L 10 5 10
Aluminum Total µg/L 93.6 -88 0.1
Aluminum Total µg/L 991 1
Aluminum Total µg/L 0 ND -88 100
Aluminum Total µg/L 0 ND -88 100
Aluminum Total µg/L 0 ND 5 10
Aluminum Total µg/L 118 5 10
Aluminum Total µg/L 113 5 10
Antimony Dissolved µg/L 0 ND -88 0.5
Antimony Dissolved µg/L 0 ND -88 0.5
Antimony Dissolved µg/L 1.4 0.1 0.5
Antimony Dissolved µg/L 1.7 0.1 0.5
Antimony Dissolved µg/L 1.7 0.1 0.5
Antimony Total µg/L 0 ND -88 0.5
Antimony Total µg/L 0 ND -88 0.5
Antimony Total µg/L 1.5 0.1 0.5
Antimony Total µg/L 1.7 0.1 0.5
Antimony Total µg/L 1.7 0.1 0.5
Arsenic Dissolved µg/L 3.59 -88 0.1
Arsenic Dissolved µg/L 11.5 0.1
Arsenic Dissolved µg/L 0 ND -88 1
Arsenic Dissolved µg/L 0 ND -88 1
Arsenic Dissolved µg/L 2.8 0.2 0.5
Arsenic Dissolved µg/L 4.5 0.2 0.5
Arsenic Dissolved µg/L 4.9 0.2 0.5
Arsenic Total µg/L 4.86 -88 0.1
Arsenic Total µg/L 12.4 0.1
Arsenic Total µg/L 0 ND -88 1
Arsenic Total µg/L 0 ND -88 1
Arsenic Total µg/L 3.3 0.2 0.5
Arsenic Total µg/L 5.4 0.2 0.5
Arsenic Total µg/L 5.2 0.2 0.5
Barium Dissolved µg/L 155 -88 10
Barium Dissolved µg/L 160 -88 10
Barium Dissolved µg/L 98.8 0.2 0.5
Barium Dissolved µg/L 143.1 0.2 0.5
Barium Dissolved µg/L 143.2 0.2 0.5
Barium Total µg/L 165 -88 10
Barium Total µg/L 168 -88 10
Barium Total µg/L 103.5 0.2 0.5
Barium Total µg/L 146.4 0.2 0.5
Barium Total µg/L 148.3 0.2 0.5



Beryllium Dissolved µg/L 0 ND -88 0.5
Beryllium Dissolved µg/L 0 ND -88 0.5
Beryllium Dissolved µg/L 0 ND 0.2 0.5
Beryllium Dissolved µg/L 0 ND 0.2 0.5
Beryllium Dissolved µg/L 0 ND 0.2 0.5
Beryllium Total µg/L 0 ND -88 0.5
Beryllium Total µg/L 0 ND -88 0.5
Beryllium Total µg/L 0 ND 0.2 0.5
Beryllium Total µg/L 0 ND 0.2 0.5
Beryllium Total µg/L 0 ND 0.2 0.5
Cadmium Dissolved µg/L 0 ND -88 0.1
Cadmium Dissolved µg/L 0 ND -88 0.1
Cadmium Dissolved µg/L 0 ND -88 0.25
Cadmium Dissolved µg/L 0 ND -88 0.25
Cadmium Dissolved µg/L 0.3 DNQ 0.2 0.4
Cadmium Dissolved µg/L 0 ND 0.2 0.4
Cadmium Dissolved µg/L 0 ND 0.2 0.4
Cadmium Total µg/L 0 ND -88 0.1
Cadmium Total µg/L 0 ND -88 0.1
Cadmium Total µg/L 0 ND -88 0.25
Cadmium Total µg/L 0 ND -88 0.25
Cadmium Total µg/L 0 ND 0.2 0.4
Cadmium Total µg/L 0 ND 0.2 0.4
Cadmium Total µg/L 0 ND 0.2 0.4
Chromium Dissolved µg/L 0.46 -88 0.1
Chromium Dissolved µg/L 3.26 0.5
Chromium Dissolved µg/L 0.63 -88 0.5
Chromium Dissolved µg/L 0 ND -88 0.5
Chromium Dissolved µg/L 0.4 DNQ 0.1 0.5
Chromium Dissolved µg/L 0.4 DNQ 0.1 0.5
Chromium Dissolved µg/L 0.4 DNQ 0.1 0.5
Chromium Total µg/L 1.17 -88 0.1
Chromium Total µg/L 5.01 0.5
Chromium Total µg/L 0 ND -88 0.5
Chromium Total µg/L 0.66 -88 0.5
Chromium Total µg/L 0.5 0.1 0.5
Chromium Total µg/L 0.5 0.1 0.5
Chromium Total µg/L 0.5 0.1 0.5
Cobalt Dissolved µg/L 0 ND -88 1
Cobalt Dissolved µg/L 0 ND -88 1
Cobalt Dissolved µg/L 0 ND 0.1 0.5
Cobalt Dissolved µg/L 0.1 0.1 0.5
Cobalt Dissolved µg/L 0.1 0.1 0.5
Cobalt Total µg/L 0 ND -88 1
Cobalt Total µg/L 0 ND -88 1
Cobalt Total µg/L 0 ND 0.1 0.5
Cobalt Total µg/L 0.1 0.1 0.5



Cobalt Total µg/L 0.1 0.1 0.5
Copper Dissolved µg/L 8.47 -88 0.1
Copper Dissolved µg/L 10.7 0.5
Copper Dissolved µg/L 7.24 -88 0.5
Copper Dissolved µg/L 3.2 -88 0.5
Copper Dissolved µg/L 8.5 0.4 0.8
Copper Dissolved µg/L 5.7 0.4 0.8
Copper Dissolved µg/L 5.8 0.4 0.8
Copper Total µg/L 21.5 -88 0.1
Copper Total µg/L 26.7 0.5
Copper Total µg/L 11.8 -88 0.5
Copper Total µg/L 9.57 -88 0.5
Copper Total µg/L 10.2 0.4 0.8
Copper Total µg/L 8.2 0.4 0.8
Copper Total µg/L 8.2 0.4 0.8
Iron Dissolved µg/L 79.9 -88 1
Iron Dissolved µg/L 511 2.5
Iron Dissolved µg/L 0 ND -88 100
Iron Dissolved µg/L 0 ND -88 100
Iron Dissolved µg/L 38 5 10
Iron Dissolved µg/L 41 5 10
Iron Dissolved µg/L 40 5 10
Iron Total µg/L 154 -88 1
Iron Total µg/L 1560 2.5
Iron Total µg/L 114 -88 100
Iron Total µg/L 103 -88 100
Iron Total µg/L 66 5 10
Iron Total µg/L 99 5 10
Iron Total µg/L 96 5 10
Lead Dissolved µg/L 1.04 -88 0.1
Lead Dissolved µg/L 2.31 0.2
Lead Dissolved µg/L 0 ND -88 0.5
Lead Dissolved µg/L 0 ND -88 0.5
Lead Dissolved µg/L 0.12 0.05 0.1
Lead Dissolved µg/L 0.26 0.05 0.1
Lead Dissolved µg/L 0.25 0.05 0.1
Lead Total µg/L 1.21 -88 0.1
Lead Total µg/L 3.48 0.2
Lead Total µg/L 0.65 -88 0.5
Lead Total µg/L 0.67 -88 0.5
Lead Total µg/L 0.29 0.05 0.1
Lead Total µg/L 0.69 0.05 0.1
Lead Total µg/L 0.66 0.05 0.1
Manganese Dissolved µg/L 0 ND -88 30
Manganese Dissolved µg/L 0 ND -88 30
Manganese Dissolved µg/L 5 0.2 0.5
Manganese Dissolved µg/L 28.4 0.2 0.5



Manganese Dissolved µg/L 28 0.2 0.5
Manganese Total µg/L 0 ND -88 30
Manganese Total µg/L 0 ND -88 30
Manganese Total µg/L 6.8 0.2 0.5
Manganese Total µg/L 39.6 0.2 0.5
Manganese Total µg/L 38.7 0.2 0.5
Mercury Dissolved µg/L 0 ND -88 0.1
Mercury Dissolved µg/L 0 ND -88 0.1
Mercury Dissolved µg/L 0.0089 0.0005 0.001
Mercury Dissolved µg/L 0.0042 0.0005 0.001
Mercury Dissolved µg/L 0.0044 0.0005 0.001
Mercury Total µg/L 0 ND -88 0.1
Mercury Total µg/L 0 ND -88 0.1
Mercury Total µg/L 0.0162 0.0005 0.001
Mercury Total µg/L 0.0098 0.0005 0.001
Mercury Total µg/L 0.0097 0.0005 0.001
Molybdenum Dissolved µg/L 1.67 -88 1
Molybdenum Dissolved µg/L 1.69 -88 1
Molybdenum Dissolved µg/L 14.8 0.2 0.5
Molybdenum Dissolved µg/L 11.8 0.2 0.5
Molybdenum Dissolved µg/L 11.8 0.2 0.5
Molybdenum Total µg/L 1.8 -88 1
Molybdenum Total µg/L 1.85 -88 1
Molybdenum Total µg/L 14.8 0.2 0.5
Molybdenum Total µg/L 10.7 0.2 0.5
Molybdenum Total µg/L 10.5 0.2 0.5
Nickel Dissolved µg/L 9.27 -88 0.1
Nickel Dissolved µg/L 2.21 0.5
Nickel Dissolved µg/L 2.54 -88 1
Nickel Dissolved µg/L 2.58 -88 1
Nickel Dissolved µg/L 2.3 0.2 0.5
Nickel Dissolved µg/L 2.2 0.2 0.5
Nickel Dissolved µg/L 2.2 0.2 0.5
Nickel Total µg/L 9.51 -88 0.1
Nickel Total µg/L 5 0.5
Nickel Total µg/L 3.23 -88 1
Nickel Total µg/L 3.15 -88 1
Nickel Total µg/L 2.5 0.2 0.5
Nickel Total µg/L 2.4 0.2 0.5
Nickel Total µg/L 2.3 0.2 0.5
Selenium Dissolved µg/L 4.48 -88 0.1
Selenium Dissolved µg/L 0 ND -88 0.5
Selenium Dissolved µg/L 0 ND -88 1
Selenium Dissolved µg/L 1 -88 1
Selenium Dissolved µg/L 3.9 0.2 0.5
Selenium Dissolved µg/L 3.2 0.2 0.5
Selenium Dissolved µg/L 3.1 0.2 0.5



Selenium Total µg/L 6.91 -88 0.1
Selenium Total µg/L 0.91 0.5
Selenium Total µg/L 1.1 -88 1
Selenium Total µg/L 0 ND -88 1
Selenium Total µg/L 4.9 0.2 0.5
Selenium Total µg/L 3.4 0.2 0.5
Selenium Total µg/L 3.4 0.2 0.5
Silver Dissolved µg/L 0 ND -88 0.25
Silver Dissolved µg/L 0 ND -88 0.25
Silver Dissolved µg/L 0 ND 0.5 1
Silver Dissolved µg/L 0 ND 0.5 1
Silver Dissolved µg/L 0 ND 0.5 1
Silver Total µg/L 0 ND -88 0.25
Silver Total µg/L 0 ND -88 0.25
Silver Total µg/L 0 ND 0.5 1
Silver Total µg/L 0 ND 0.5 1
Silver Total µg/L 0 ND 0.5 1
Strontium Dissolved µg/L 1012 0.1 0.5
Strontium Dissolved µg/L 1194 0.1 0.5
Strontium Dissolved µg/L 1196 0.1 0.5
Strontium Total µg/L 1060 0.1 0.5
Strontium Total µg/L 1208 0.1 0.5
Strontium Total µg/L 1217 0.1 0.5
Thallium Dissolved µg/L 0 ND -88 0.5
Thallium Dissolved µg/L 0 ND -88 0.5
Thallium Dissolved µg/L 0 ND 0.1 0.5
Thallium Dissolved µg/L 0 ND 0.1 0.5
Thallium Dissolved µg/L 0 ND 0.1 0.5
Thallium Total µg/L 0 ND -88 0.5
Thallium Total µg/L 0 ND -88 0.5
Thallium Total µg/L 0 ND 0.1 0.5
Thallium Total µg/L 0 ND 0.1 0.5
Thallium Total µg/L 0 ND 0.1 0.5
Tin Dissolved µg/L 0 ND 0.1 0.5
Tin Dissolved µg/L 0 ND 0.1 0.5
Tin Dissolved µg/L 0 ND 0.1 0.5
Tin Total µg/L 0 ND 0.1 0.5
Tin Total µg/L 0 ND 0.1 0.5
Tin Total µg/L 0 ND 0.1 0.5
Titanium Dissolved µg/L 0 ND 0.2 0.5
Titanium Dissolved µg/L 0 ND 0.2 0.5
Titanium Dissolved µg/L 0 ND 0.2 0.5
Titanium Total µg/L 0.5 0.2 0.5
Titanium Total µg/L 1.7 0.2 0.5
Titanium Total µg/L 1.7 0.2 0.5
Vanadium Dissolved µg/L 0 ND -88 1
Vanadium Dissolved µg/L 0 ND -88 1



Vanadium Dissolved µg/L 2.9 0.2 0.5
Vanadium Dissolved µg/L 2.2 0.2 0.5
Vanadium Dissolved µg/L 2.2 0.2 0.5
Vanadium Total µg/L 0 ND -88 1
Vanadium Total µg/L 0 ND -88 1
Vanadium Total µg/L 3.1 0.2 0.5
Vanadium Total µg/L 2.3 0.2 0.5
Vanadium Total µg/L 2.4 0.2 0.5
Zinc Dissolved µg/L 5.51 -88 0.1
Zinc Dissolved µg/L 17.8 -88 1
Zinc Dissolved µg/L 2.25 -88 10
Zinc Dissolved µg/L 0 ND -88 10
Zinc Dissolved µg/L 8.1 0.1 0.5
Zinc Dissolved µg/L 11.6 0.1 0.5
Zinc Dissolved µg/L 11.5 0.1 0.5
Zinc Total µg/L 7.48 -88 0.1
Zinc Total µg/L 32.3 -88 1
Zinc Total µg/L 0 ND -88 10
Zinc Total µg/L 10.4 -88 10
Zinc Total µg/L 10.4 0.1 0.5
Zinc Total µg/L 17.5 0.1 0.5
Zinc Total µg/L 17.2 0.1 0.5
Bolstar None µg/L 0 ND -88 0.01
Bolstar None µg/L 0 ND -88 0.01
Bolstar None µg/L 0 ND 0.002 0.004
Chlorpyrifos None µg/L 0 ND -88 0.05
Chlorpyrifos None µg/L 0 ND -88 0.01
Chlorpyrifos None µg/L 0 ND -88 0.01
Chlorpyrifos None µg/L 0 ND 0.001 0.002
Demeton-s None µg/L 0 ND -88 0.03
Demeton-s None µg/L 0 ND -88 0.03
Demeton-s None µg/L 0 ND 0.001 0.002
Diazinon None µg/L 0.062 -88 0.05
Diazinon None µg/L 0 ND -88 0.004
Diazinon None µg/L 0 ND -88 0.004
Diazinon None µg/L 0 ND 0.002 0.004
Dichlorvos None µg/L 0 ND -88 0.03
Dichlorvos None µg/L 0 ND -88 0.03
Dichlorvos None µg/L 0 ND 0.003 0.006
Dimethoate None µg/L 0 ND -88 0.02
Dimethoate None µg/L 0 ND -88 0.02
Dimethoate None µg/L 0 ND 0.003 0.006
Disulfoton None µg/L 0 ND -88 0.01
Disulfoton None µg/L 0 ND -88 0.01
Disulfoton None µg/L 0 ND 0.001 0.002
Ethoprop None µg/L 0 ND -88 0.01
Ethoprop None µg/L 0 ND -88 0.01



Ethoprop None µg/L 0 ND 0.001 0.002
Fenchlorphos None µg/L 0 ND -88 0.01
Fenchlorphos None µg/L 0 ND -88 0.01
Fenchlorphos None µg/L 0 ND 0.002 0.004
Fensulfothion None µg/L 0 ND -88 0.03
Fensulfothion None µg/L 0 ND -88 0.03
Fensulfothion None µg/L 0 ND 0.001 0.002
Fenthion None µg/L 0 ND -88 0.01
Fenthion None µg/L 0 ND -88 0.01
Fenthion None µg/L 0 ND 0.002 0.004
Malathion None µg/L 0 ND -88 0.02
Malathion None µg/L 0 ND -88 0.02
Malathion None µg/L 0 ND 0.003 0.006
Merphos None µg/L 0 ND -88 0.02
Merphos None µg/L 0 ND -88 0.02
Merphos None µg/L 0 ND 0.001 0.002
Mevinphos None µg/L 0 ND -88 0.016
Mevinphos None µg/L 0 ND -88 0.016
Mevinphos None µg/L 0 ND 0.008 0.016
Parathion Methyl None µg/L 0 ND -88 0.01
Parathion Methyl None µg/L 0 ND -88 0.01
Parathion Methyl None µg/L 0 ND 0.001 0.002
Phorate None µg/L 0 ND -88 0.012
Phorate None µg/L 0 ND -88 0.012
Phorate None µg/L 0 ND 0.006 0.012
Tetrachlorvinphos None µg/L 0 ND -88 0.5
Tetrachlorvinphos None µg/L 0 ND -88 0.5
Tetrachlorvinphos None µg/L 0 ND 0.002 0.004
Tokuthion None µg/L 0 ND -88 0.006
Tokuthion None µg/L 0 ND -88 0.006
Tokuthion None µg/L 0 ND 0.003 0.006
Trichloronate None µg/L 0 ND -88 0.01
Trichloronate None µg/L 0 ND -88 0.01
Trichloronate None µg/L 0 ND 0.001 0.002
Allethrin Total µg/L 0 ND 0.0005 0.002
Bifenthrin Total µg/L 0.0078 0.0005 0.002
Cyfluthrin total Total µg/L 0 ND 0.0005 0.002
Cyhalothrin lambda total Total µg/L 0 ND 0.0005 0.002
Cypermethrin total Total µg/L 0.0043 0.0005 0.002
Danitol Total µg/L 0 ND 0.0005 0.002
Deltamethrin Total µg/L 0 ND 0.0005 0.002
Esfenvalerate Total µg/L 0 ND 0.0005 0.002
Fenvalerate Total µg/L 0 ND 0.0005 0.002
Permethrin total Total µg/L 0 ND 0.005 0.025
Prallethrin Total µg/L 0 ND 0.0005 0.002



Station Station Code Sample Date Parameter Average Of Result
Walnut Crk Walnut Crk 5/21/2007 E. coli 865
Walnut Crk Walnut Crk 5/29/2007 E. coli 6015
Walnut Crk Walnut Crk 6/6/2007 E. coli 565
Walnut Crk Walnut Crk 6/14/2007 E. coli 199
Walnut Crk Walnut Crk 6/23/2007 E. coli 185
Walnut Crk Walnut Crk 6/26/2007 E. coli 906
Walnut Crk Walnut Crk 7/6/2007 E. coli 30
Walnut Crk Walnut Crk 7/9/2007 E. coli 9804
Walnut Crk Walnut Crk 7/19/2007 E. coli 183
Walnut Crk Walnut Crk 7/26/2007 E. coli 10
Walnut Crk Walnut Crk 8/1/2007 E. coli 19863
Walnut Crk Walnut Crk 8/9/2007 E. coli 10
Walnut Crk Walnut Crk 8/13/2007 E. coli 1198
Walnut Crk Walnut Crk 8/24/2007 E. coli 201
Walnut Crk Walnut Crk 8/29/2007 E. coli 209
Walnut Crk Walnut Crk 9/7/2007 E. coli 368
Walnut Crk Walnut Crk 9/11/2007 E. coli 10
Walnut Crk Walnut Crk 9/20/2007 E. coli 12997
Walnut Crk Walnut Crk 9/25/2007 E. coli 573
Walnut Crk Walnut Crk 5/16/2008 E. coli 520
Walnut Crk Walnut Crk 5/20/2008 E. coli 211
Walnut Crk Walnut Crk 5/29/2008 E. coli 84
Walnut Crk Walnut Crk 6/2/2008 E. coli 10
Walnut Crk Walnut Crk 6/11/2008 E. coli 301
Walnut Crk Walnut Crk 6/20/2008 E. coli 63
Walnut Crk Walnut Crk 6/24/2008 E. coli 10
Walnut Crk Walnut Crk 6/30/2008 E. coli 10
Walnut Crk Walnut Crk 7/10/2008 E. coli 10
Walnut Crk Walnut Crk 7/17/2008 E. coli 20
Walnut Crk Walnut Crk 7/22/2008 E. coli 10
Walnut Crk Walnut Crk 7/31/2008 E. coli 10
Walnut Crk Walnut Crk 8/6/2008 E. coli 10
Walnut Crk Walnut Crk 8/12/2008 E. coli 20
Walnut Crk Walnut Crk 8/18/2008 E. coli 10
Walnut Crk Walnut Crk 8/28/2008 E. coli 84
Walnut Crk Walnut Crk 9/5/2008 E. coli 98
Walnut Crk Walnut Crk 9/8/2008 E. coli 10
Walnut Crk Walnut Crk 9/17/2008 E. coli 20
Walnut Crk Walnut Crk 9/25/2008 E. coli 20
Walnut Crk Walnut Crk 9/30/2008 E. coli 10
Walnut Crk Walnut Crk 5/21/2007 Total Coliform 24196
Walnut Crk Walnut Crk 5/29/2007 Total Coliform 24196
Walnut Crk Walnut Crk 6/6/2007 Total Coliform 24196
Walnut Crk Walnut Crk 6/14/2007 Total Coliform 4611
Walnut Crk Walnut Crk 6/23/2007 Total Coliform 6867
Walnut Crk Walnut Crk 6/26/2007 Total Coliform 15531



Walnut Crk Walnut Crk 7/6/2007 Total Coliform 12997
Walnut Crk Walnut Crk 7/9/2007 Total Coliform 24196
Walnut Crk Walnut Crk 7/19/2007 Total Coliform 8164
Walnut Crk Walnut Crk 7/26/2007 Total Coliform 4352
Walnut Crk Walnut Crk 8/1/2007 Total Coliform 24196
Walnut Crk Walnut Crk 8/9/2007 Total Coliform 19863
Walnut Crk Walnut Crk 8/13/2007 Total Coliform 24196
Walnut Crk Walnut Crk 8/24/2007 Total Coliform 24196
Walnut Crk Walnut Crk 8/29/2007 Total Coliform 24196
Walnut Crk Walnut Crk 9/7/2007 Total Coliform 24196
Walnut Crk Walnut Crk 9/11/2007 Total Coliform 24196
Walnut Crk Walnut Crk 9/20/2007 Total Coliform 24196
Walnut Crk Walnut Crk 9/25/2007 Total Coliform 24196
Walnut Crk Walnut Crk 5/16/2008 Total Coliform 2909
Walnut Crk Walnut Crk 5/20/2008 Total Coliform 24196
Walnut Crk Walnut Crk 5/29/2008 Total Coliform 3255
Walnut Crk Walnut Crk 6/2/2008 Total Coliform 63
Walnut Crk Walnut Crk 6/11/2008 Total Coliform 10462
Walnut Crk Walnut Crk 6/20/2008 Total Coliform 571
Walnut Crk Walnut Crk 6/24/2008 Total Coliform 295
Walnut Crk Walnut Crk 6/30/2008 Total Coliform 231
Walnut Crk Walnut Crk 7/10/2008 Total Coliform 1372
Walnut Crk Walnut Crk 7/17/2008 Total Coliform 4352
Walnut Crk Walnut Crk 7/22/2008 Total Coliform 2143
Walnut Crk Walnut Crk 7/31/2008 Total Coliform 272
Walnut Crk Walnut Crk 8/6/2008 Total Coliform 6131
Walnut Crk Walnut Crk 8/12/2008 Total Coliform 3873
Walnut Crk Walnut Crk 8/18/2008 Total Coliform 24196
Walnut Crk Walnut Crk 8/28/2008 Total Coliform 17329
Walnut Crk Walnut Crk 9/5/2008 Total Coliform 24196
Walnut Crk Walnut Crk 9/8/2008 Total Coliform 7270
Walnut Crk Walnut Crk 9/17/2008 Total Coliform 12033
Walnut Crk Walnut Crk 9/25/2008 Total Coliform 24196
Walnut Crk Walnut Crk 9/30/2008 Total Coliform 2481

MPN/ml ml/AF AF days
7000 1233481000 500 365 1.18279E+13

11827.9



Units
MPN/100 mL
MPN/100 mL
MPN/100 mL
MPN/100 mL
MPN/100 mL
MPN/100 mL
MPN/100 mL
MPN/100 mL
MPN/100 mL
MPN/100 mL
MPN/100 mL
MPN/100 mL
MPN/100 mL
MPN/100 mL
MPN/100 mL
MPN/100 mL
MPN/100 mL
MPN/100 mL
MPN/100 mL
MPN/100 mL
MPN/100 mL
MPN/100 mL
MPN/100 mL
MPN/100 mL
MPN/100 mL
MPN/100 mL
MPN/100 mL
MPN/100 mL
MPN/100 mL
MPN/100 mL
MPN/100 mL
MPN/100 mL
MPN/100 mL
MPN/100 mL
MPN/100 mL
MPN/100 mL
MPN/100 mL
MPN/100 mL
MPN/100 mL Geometric mean E. col min max
MPN/100 mL 97.28713 10 19863
MPN/100 mL
MPN/100 mL
MPN/100 mL
MPN/100 mL
MPN/100 mL
MPN/100 mL



MPN/100 mL
MPN/100 mL
MPN/100 mL
MPN/100 mL
MPN/100 mL
MPN/100 mL
MPN/100 mL
MPN/100 mL
MPN/100 mL
MPN/100 mL
MPN/100 mL
MPN/100 mL
MPN/100 mL
MPN/100 mL
MPN/100 mL
MPN/100 mL
MPN/100 mL
MPN/100 mL
MPN/100 mL
MPN/100 mL
MPN/100 mL
MPN/100 mL
MPN/100 mL
MPN/100 mL
MPN/100 mL
MPN/100 mL
MPN/100 mL
MPN/100 mL
MPN/100 mL
MPN/100 mL
MPN/100 mL
MPN/100 mL
MPN/100 mL Geometric mean total min max
MPN/100 mL 6947.035 63 24196

0.224098



July 27, 2010

TO: Christopher Stone

FROM: Ken Zimmer co
Water Conservation Planning Section

WALNUT CREEK SPREADING BASIN
PUMP STATION
PROJECT CONCEPT REPORT

Background

The Walnut Creek Spreading Basin is located in the City of Covina adjacent to Walnut
Creek Wash, downstream of Puddingstone Dam within the San Gabriel River
Watershed. The spreading basin conserves runoff from Walnut Creek Wash as well as
releases from Puddingstone Dam.

The Walnut Creek Spreading Basin has a maximum capacity of 200 acre-feet (af) of
water storage. Current percolation tests showed a percolation rate of approximately
2 cubic feet per second (cfs). Historically, the spreading basin has had a percolation
rate as high as 8 cfs. The low percolation rate is currently attributed to the inflow and
steady accumulation of sediment into the spreading basin from the Walnut Creek Wash
and lack of maintenance due to the inability to drain the basin.

Water is stored and conserved at the spreading basin throughout the majority of the
year. Due to the year round presence of water, it is difficult for routine and larger scale
maintenance to be performed at the facility. Operations Section has noted that the
existing gage boards are damaged and need to be replaced.

Pro.ect

The project proposes a cleanout of Walnut Creek Spreading Basin to help restore the
percolation rate. A one-foot cut would remove approximately 7,000 cubic yards of
sediment. The sediment would be hauled to the Manning Pit Sediment Placement Site
in Irwindale. The spreading basin will also need to be completely dewatered to perform
the cleanout. Dewatering of the basin will have an annual maintenance, specifically
power, cost of approximately $1,600.



Christopher Stone
July 27, 2010
Page 2

Alternative 1:

In order to allow for periodic maintenance and cleanouts that would improve the overall
efficiency of the spreading basin, a dewatering pump station will be installed. The pump
station will contain a 5 cfs pump used to dewater the basin. The installation of the pump
would allow for complete dewatering of the basin in approximately 20 days.

Alternative 2:

In addition to necessary periodic maintenance and cleanouts of the basin, the
installation of a higher volume pump will allow for water to be sent downstream to a
better percolating facility. Walnut Creek Spreading Basin will be used as a combination
spreading basin and detention basin for water conservation purposes. The pump
station will contain a 20 cfs pump that will be used to dewater the basin and convey
water to other downstream facilities. The installation of the pump would allow for
complete dewatering of the basin in approximately five days.

In addition to the pump station, the project proposes to replace the existing gage boards
and supplement the gage boards with a data logger and pressure transducer. The
bubbler and logger system will enhance the operation of the spreading basin by
providing more accurate water level readings.

Cost

The approximate cost to construct this project is $445,000 for Alternative 1 and
$515,000 for Alternative 2.

The electricity cost to operate the pump for basin dewatering for Alternative 1 is
approximately $1,600 per dewatering operation. The pump used in Alternative 2 utilizes
a diesel engine to power the pump and can have varying costs for operation.

Environmental

A United States Army Corps of Engineers Channel Connection Permit will need to be
obtained. Additionally a Regional Water Quality Control Board Permit will need to be
obtained for discharging water into the Walnut Creek Wash.
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Page 3

Recommendations

The project to clean out the spreading basin and install a dewatering pump station is
crucial to restoring and maintaining the original percolation rate of the basin. It is
recommended that Alternative 2, the 20 cfs pump, be installed to increase water
conservation opportunities. Walnut Creek will have the ability to convey pumped water
from the spreading basin to better percolating facilities downstream. After the cleanout
and installation of the pump station, Walnut Creek Spreading Basin will be able to
conserve an additional 240 af per year, which has a water conservation benefit of
approximately $120,000. The cost/benefit ratio of this project is 4.29.

The improvements to the spreading grounds are consistent with WRD's missions and
strategic goals and will greatly improve the operation and maintenance of the Walnut
Creek Spreading Basin.

AS:vt
P: \wrd Mater Conservation \GENERAL\PROJECTS\Walnut Creek SG Pump Station\General\PCR.doc
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