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ABSTRACT 

The Los Angeles River Basin is a large (825 mi2) and diverse watershed containing highly 

developed urban areas, as well as expansive chaparral landscapes. Municipalities within this watershed, 

and around the country, are required to meet water quality standards for pollutant loads in their receiving 

waterbodies.  The current research quantifies the ability of BMPs to improve water quality in the Los 

Angeles River Basin as well as ancillary benefits (e.g. groundwater recharge) at the watershed scale.  The 

EPA-developed System for Urban Stormwater Treatment and Analysis INtegration (SUSTAIN) model is 

used to simulate flow, load, and five BMPs.  Two regional BMPs are modeled (infiltration trenches & dry 

ponds) and three distributed BMPs (vegetated swales, bioretention cells, porous pavement). Each BMP 

type provides a unique optimal benefit, infiltration trenches: infiltration rates, vegetated swales: water 

quality performance, dry ponds: lowest cost, porous pavement: minimal footprint (i.e. replaces existing 

infrastructure).  The modeled BMPs are combined in various ways to produce six unique Compliance 

Options.  Each Compliance Option equally satisfies water quality criteria, but consist of a unique 

composition of BMP types and quantity, therefore each Option offers a distinct blend of ancillary benefits 

and associated costs.  Of the six compliance options crafted, none are optimal across all criteria, 

indicating stakeholders need to consider their particular near-term and long-term needs, and balance them 

with the various cost and ancillary benefits each Compliance Option can offer.  The Compliance Option 

identified from the perspective of this research as meeting the region’s most pressing needs (reducing 

metal load, high stormwater infiltration & low cost of construction) contains a mix of vegetated swales 

and infiltration trenches (Option 3a). Option 3a significantly reduces peak flow (58%), infiltrates 

stormwater (172,000 AFY), and with the lowest construction cost ($3.8 billion) of all options considered.   

Although this research informs policymakers and stakeholders about the capacity of these six 

Compliance Options to provide a range of ancillary benefits, there remains tremendous opportunity to 

further develop the capability of BMPs and their understanding.  More research is needed to spatially 

optimize the best locations for BMPs in a watershed, better quantify the infiltration of stormwater to 

recharge groundwater aquifers, as well as how to further improve the functionality of BMPs (e.g. 

optimizing geomedia or vegetation for particular pollutants or climates).  Lastly there is a need for further 

data integration and monitoring to better inform the current state of water quality throughout watersheds 

and track its progress as BMPs are implemented. 
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CHAPTER 1 INTRODUCTION 

The 20th century experienced a period of unprecedented population growth, from 1.6 billion to 

just over 6 billion in 100 years’ time1.  The 21st century promises even greater growth, especially in urban 

areas, where by 2030, at the global level, net population growth will take place in towns and cities as the 

world’s rural population decreases2.  This expected growth will require urban areas to expand their 

footprint and their capacity to support new citizens with infrastructure and resources. The natural, mostly 

pervious landscape built upon to provide support is typically transformed to a largely impervious 

landscape3.  Stormwater from rain events in these areas have an increase in their volume and velocity, 

creating concern for flooding3.  Additionally, materials and components that comprise urban 

infrastructure4 as well as the anthropogenic activities taking place in urban areas serve to degrade the 

quality of water discharging from these locations, raising health concerns for humans and wildlife3 5. To 

address the growing safety and health concerns of decreased water quality in the United States, the 

Federal Water Pollution Control Act was restructured and broadened in 19726.  This act, colloquially 

known as the Clean Water Act (CWA), creates a federal standard for the pollution of the nation’s streams 

and channels6.  The CWA also imposes upon regional water quality control boards to develop a set of 

water quality targets to protect waterbodies within their jurisdiction. 

The City of Los Angeles (the City) is the second most populous city and is within the most 

population dense urban area in the United States7.  As such, the City contains a tremendous area of 

impervious surfaces and experiences its consequences, including increased flood risk during large storm 

events8 and decreased stormwater quality9 in its receiving waterbodies. Section 303(d) of the CWA 

contains a catalog of waterbodies that meet the federal criteria for water quality impairment, including 

those within Los Angeles (Table A-2).  Impairments for the City’s waterbodies include pH, ammonia, 

metals, fecal coliform, trash, oil, pesticides, and volatile organics10.  In 1999 the US EPA mandated the 

Los Angeles Regional Water Quality Control Board (LARWQCB) to establish Total Maximum Daily 

Loads (TMDLs) for its impaired water bodies within 13 years11.  The subsequent TMDLs serve as a 

mechanism to assess water quality compliance, and mitigate health concerns of decreased water quality.   

The City of Los Angeles is seeking to reduce pollutant loads and meet regulations imposed by the 

LARWQCB by capturing a threshold volume of stormwater using stormwater Best Management 

Practices (BMPs) before polluted runoff can discharge to impaired waterbodies.  The high cost of 

constructing BMPs, as well as the limited understanding of their efficacy to reduce pollutant loads at the 

watershed scale provide the ideal opportunity to predict (through model simulation) their implementation 

and potential TMDL compliance.  The current research attempts to quantify the impact of BMP 
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implementation at the watershed scale, and the ability of BMPs to reduce metal loads in the stream 

channel to meet TMDLs.  

 To successfully simulate metal loads and flows in the LARB, as well as the effect of BMP 

implementation, this study utilizes the Environmental Protection Agency’s (EPA’s) System for Urban 

Stormwater Treatment and Analysis INtegration (SUSTAIN) Model.  SUSTAIN contains multi -objective 

optimization algorithms, the ability to vary BMP dimensions, performance, and generates cost curves 

from output, enabling the user to identify high performing BMP suites, and ultimately generate optimal 

compliance scenarios12.  

 In addition to meeting water quality targets, the integration of BMPs into the watershed may 

provide other benefits, which include increased flood protection, increased open-space recreational areas, 

as well as increased local water supply through groundwater recharge.  Groundwater recharge is an 

especially important benefit considering projected population growth and the extent of future urbanization 

expected in Los Angeles1 13.  Population increases add strain to the region’s water sources14 15 and add to 

the urgency for more reliable and sustainable local water supplies. 

1.1. Scope of Current Research 

The current research is a part of a larger integrated project, the Los Angeles Clean Water 

Sustainability Analysis Project (LACWSA).  The LACWSA initiative was commissioned by the City of 

Los Angeles Bureau of Sanitation (LA BoS) to address the goals of increasing local water supply and 

reducing the water quality impairment that exists in three watersheds in and around the City.  LACWSA’s 

task takes many forms including: a thorough analysis of the capability of stormwater BMPs as a means to 

reduce pollutant loads in receiving waterbodies, infiltrate stormwater, as well as an economic and policy 

analysis focusing on the region’s fiscal and legislative incentives to support BMP implementation.  The 

focus of the current research is on the efficacy of BMPs to reduce pollutant loads in the Los Angeles 

River Basin to meet regional TMDLs, and to quantify ancillary benefits including groundwater recharge 

and flood-peak reduction.  Two other watersheds considered within this projects that include portions of 

the City are the Dominguez Channel, and Ballona Creek watersheds (Figure 1.1). 
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This research focuses on the Los Angeles River Basin (LARB) and builds upon the work of 

previous Master’s students (Katie Radavich16 and Drew Beck17) whom utilized the EPA’s System for 

Urban Stormwater Treatment and Analysis Integration (SUSTAIN) model to simulate BMPs in the 

Ballona Creek Watershed.  Their work has elucidated insights into how to best utilize SUSTAIN for the 

purposes of this project as well as appropriate dimensions, performance and cost of the simulated BMPs.   

The specific research questions for the work in the LARB are: 

1. To what degree is the LA River Basin compliant with metal TMDLs? 

Answering this question explicates the current level of pollution that exists in the watershed and informs 

the degree of BMP implementation that will be needed to reduce pollutant loading. 

2. What are the impacts of BMPs on TMDL compliance at the watershed scale, and what are the 

quantifiable ancillary benefits?  

This question is at the core of the current research and is disaggregated into more directed sub-questions 

as follows. 

Figure 1.1 Los Angeles Clean Water 
Sustainability Analysis study Area 
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2.1 Is land available where BMPs would be most effective? 

As noted above the City exists within an extremely dense and developed urban region.  This research will 

use a land-use raster developed by the Southern California Association of Governments (SCAG) to 

illuminate which land-uses are available for BMP construction (e.g. vacant land) and quantify the 

available land to understand if it is sufficient to meet compliance. 

2.2 What are the most cost-effective BMP portfolios? 

A total of five BMPs have been chosen for this research, each of which have their own distinct 

dimensions, performance, cost, and infiltration capacity.  Hundreds of thousands of BMPs are required to 

reduce metal loads and improve water quality in a meaningful way in the LARB.  The five BMPs in this 

research will be combined to create six unique BMP portfolios that meet compliance, and consider cost, 

location and recharge capability.   

2.3 How does the flow regime change after BMP implementation? 

Over the last 120 years, the City and surrounding regions have been dramatically developed and the area 

of imperviousness has commensurately increased.  Development has fundamentally changed the 

hydrologic landscape of the region3.  BMP implementation will again fundamentally change the 

hydrologic landscape; however, this change will reduce runoff substantially.  This research will analyze 

the river basin’s historical flow data and make comparisons to changes in flow after BMPs have been 

implemented in the model.   

The completion of these tasks will allow for conclusions and recommendations to be made for the 

implementation of BMPs to address water quality in urban watersheds.  
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CHAPTER 2 STORMWATER MODELING & BEST MANAGEMENT PRACTICES 

Stormwater is recognized as the major non-point source (NPS) contributor to water pollution in 

urban areas around the world18 19  20 21 .  As stormwater accumulates on urban pervious surfaces, collects 

pollutants and discharges to receiving waterbodies22  23 it can create significant health concerns for 

humans and wildlife downstream24 25 26.  The pollutants in urban runoff originating from anthropogenic 

and natural processes include heavy metals (e.g. cadmium, copper, lead & zinc), oil & grease, nutrients 

(e.g. nitrogen & phosphorus), toxics (e.g. pesticides & disease causing microorganisms) and suspended 

solids23 27.   

In the most recent decades there has been a concerted effort to increase water quality in urban 

areas to mitigate adverse impacts on local populations and wildlife by implementing stormwater BMPs 28 
29 30 31.  To better understand the current level of pollution and its conveyance in urban watersheds, 

hydrologic models have been used to simulate surface runoff from stormwater32 33.  Previous research in 

the LARB focusing on water quality observations has indicated pollutant concentrations frequently 

exceed water quality targets, and trace metals present in stormwater exceed water quality criteria in over 

80% of wet weather observations19. 

In this research, stormwater is modeled in the LARB as well as the impact of BMP 

implementation on the hydrology of the basin at the watershed scale.  This research will inform strategic 

BMP selection by use of the SUSTAIN model which can simulate flow and pollutant loading through 

physically-based BMPs.  The goal of the current research is not to identify discrete sites for BMP 

implementation, but to evaluate the number and cost of BMPs of each type needed across the watershed 

to achieve compliance and quantify ancillary benefits.  Ultimately, recommendations are given in an 

effort to provide water managers opportunity to strategically implement varying types of BMPs to have 

the greatest positive impact (i.e. increased water quality, increased infiltration) in the watershed. 

2.1. Source of Heavy Metal Pollutants 

The heavy metals identified for modeling in the LARB are those with specified TMDL’s 

(Cadmium, Copper, Lead and Zinc)34.  Pollution in urban waterbodies can originate from a variety of 

sources (e.g. NPDES discharge, stormwater, outdoor residential use).  In the LARB, flow and loading 

from three Water Reclamation Facilities (WRFs) comprise the majority of the flow and pollution in the 

channel in the dry season35.  Each of these facilities, as well as other major and minor NPDES dischargers 

in the LARB are subject to the effluent limitations in their respective NPDES permits.  Pollution from 
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non-point sources, like storm drain infrastructure, represent a relatively small contribution to dry weather 

flow in the channel, however metal loadings have been observed to be concentrated from this source35.   

Stormwater is a major contributor to loading in urban areas, where annually approximately 40% 

of the loading for cadmium, 80% for copper, 95% for lead and 90% for zinc comes from stormwater36.  

This high percentage of contribution supports the idea that stormwater BMPs are a viable option to treat 

the major contribution of heavy metals in the region.  Metals in urban non-industrial areas are understood 

to originate mostly from automobile tires and brake pads, the siding and rooves of structures and 

environmental deposition22.  The siding of building comprises the largest contribution of lead and zinc, 

brake pads for copper and environmental deposition for cadmium. 

2.2. Model selection 

Hydrologic models, and models generally, are tools used to help simplify complex systems and 

enable practitioners understand the effects of changes or alterations to those systems.  In the case of 

hydrologic models, they represent the hydrologic cycle and include precipitation, runoff, evaporation, 

infiltration, sediment transport, pollutant loading as well as other hydrologic phenomenon.  Hydrologic 

phenomena have slowly been more understood and mathematically defined over the last several decades.  

Horton mathematically identified the generation of surface runoff and infiltration in small watersheds37 

but was later improved by Brakensiek in 1967 by use of kinematic surface flow38.  Evaporation and 

transpiration were able to be more completely understood and implemented into hydrologic models via 

Penman and Montieth in 1965.   

In the 1970’s and 1980’s the public was becoming more aware of the repercussions of 

anthropogenic activities taking place in urban and undeveloped watersheds alike, and their impact on 

people and wildlife in proximal receiving waterbodies.  Computing power at that time was modest 

compared to the 21st century’s technology, however there was a concern and interest in creating 

hydrologic models to better understand water quality processes and ultimately develop mitigation 

strategies (e.g. NPDES, TMDLs).  One of the first models to successfully capture many of the physical 

phenomena described above (with the exception of water quality) was the Stanford Watershed Model in 

the 1960’s, which eventually evolved into the Hydrologic Simulation Program, Fortran (HSPF) in 197439.  

HSPF, a core program in the EPA suite of models, has been updated numerous times to continue to 

incorporate improved understanding and computer processing39.  HSPF is currently capable of not only 

producing a hydrograph over a catchment but also simulate water quality processes, and ultimately a 

pollutograph over pervious and impervious land-uses40. 

One of the first efforts to develop a program that could be used to evaluate water quality 

standards, like TMDLs, was the EPA’s Better Assessment Science Integrating Point and Nonpoint 
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Sources (BASIN) model in 1994.  This approach to hydrologic modeling incorporated the HSPF code, as 

well as a GIS interface, watershed characterization databases, processing tools that could prepare input 

data and display output data, and an automatic watershed delineation capability among many other tools 

and utilities41.   

EPA’s stormwater management model (SWMM) was developed to assess water quality from a 

regulatory perspective within the urban domain.  In the most recent version, SWMM 5.1 (2015) 

incorporates the latest understanding and algorithms in hydrological flow quantity and quality as well as a 

more robust graphical integration allowing users to more easily process output and ultimately inform their 

decisions.  SWMM5.1 is the core hydrologic quantity and quality modeling of the SUSTAIN model 

chosen for this research12. 

2.2.1. Modeling Stormwater BMPs 

Currently, researchers use two broad techniques to simulate the effects of BMPs on water quality 

and quantity in a model.  The most computationally simple is the SCS curve number (CN) approach. The 

CN approach is an empirical method to quantify the volume of precipitation that becomes stormwater, 

based on parameters such as land use, and Natural Resources Conservation Service (NRCS) 42 soil 

group43.  To simulate the effects of different BMPs, CN values are modified in the model to reflect the 

impact in hydrology and water quality they have in a catchment44.  The CN approach is advantageous in 

that it is relatively simple and does not require an extensive library of input data, nor does it require 

computationally intense processes such as sedimentation, adsorption, or settling taking place within a 

BMP.  This approach is ideal for watersheds, where little beyond soils and precipitation data is available. 

The Long-Term Hydrologic Impact Assessment–Low Impact Development (L-THIA-LID)45 is a CN 

model that uses this approach and has been used to offer basin information to policymakers and resource 

managers about the impact of BMPs on water quality44.   

Ahiablame et al.46 used the L-THIA-LID model to assess the impact of rain barrels and porous 

pavement on two urbanized watersheds near Indianapolis, Indiana.  This research indicated BMPs can be 

effective in improving water quality at the watershed scale, however the authors admit that the CNs used 

in this study are garnered from scientific literature and may not appropriately reflect soil in an urban 

watershed.  Thereby the CN approach lacks affirmation in the modeled effects of BMPs. 

An alternative to the simple CN approach is a more robust and data-driven method to simulate 

BMPs, which Ahiablame et al.44 describe as “process representation.”  Process representation uses 

algorithms to simulate the complex processes mentioned above like infiltration, sedimentation, 

adsorption, evapotranspiration, settling, and decay of pollutants taking place within BMPs44.  This 

approach is more computationally and data demanding however the ability to physically simulate 
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individual BMPs (as they are in SUSTAIN) can yield a more accurate representation of BMPs and their 

effect on water quality and quantity. 

2.2.1.1. SUSTAIN 

 EPA’s System for Urban Stormwater Treatment and Analysis Integration (SUSTAIN) was 

developed in 2003 as a decision-support tool to help practitioners understand the impacts of stormwater 

BMP implementation on urban runoff in a watershed47.   

 SUSTAIN is composed of two models that have been coupled into a single GIS user-interface 

(ArcMap) and work in tandem with one another.  The portion of SUSTAIN responsible for hydrologic-

hydraulic and water quality considerations like flow routing, and hydrograph and pollutograph production 

is the SWMM5.1 software.  SWMM5.1 is a deterministic, physically-based model that can be used as 

continuous or event-based; the continuous option is used in this research. 

 The portion of SUSTAIN responsible for BMP simulation is the Prince George’s County BMP 

module48.  This BMP simulation is able to simulate flow and pollutant loading through physically-based 

BMPs.  BMPs can be specified by their type (e.g. dry pond, vegetated swale, etc.), dimensions, pollutant 

removal efficiency and cost.  This flexibility allows the BMPs chosen for this research to be calibrated 

and designed to mirror the conditions and factors specific to the Los Angeles region. 

SUSTAIN is able to simulate BMPs in two distinct fashions in the BMP module, discretely or in 

an optimization.  The discrete option within SUSTAIN permits the user to specify a number of BMPs and 

their type in specified subwatersheds.  The optimization option is capable of running thousands of 

different combinations of BMPs to help elucidate the most cost effective combinations within the chosen 

range.  This technique utilizes a Non-dominant Scattering Genetic Algorithm-Version II, (NSGA-II) to 

identify the number of BMPs needed to remove a user-specified pollutant removal target at the lowest 

cost, hence it is a multi-objective optimization.  Each BMP type is given an upper and lower bound as 

well as the number of BMPs the program ‘steps’ between iterations.  With this information SUSTAIN can 

run all the possible options and output the percent removal-efficiency, cost and quantity of each BMP 

type for each simulation with the optimization run.  Both the discrete and optimization technique are used 

in this research to understand which BMP types are best suited for the LARB.  

2.2.1.2. SUSTAIN Model Application 

A number of utilities and municipalities have employed the SUSTAIN model to characterize 

stormwater BMP mitigation strategies to meet regional TMDLs.  The following case study provides 

insight into the various capabilities within SUSTAIN and the approaches cities found successful. 

The City of Federal Way, Washington used the SUSTAIN model for a small (1.2 mi2) 

catchment49.  The majority of land uses in this area are characterized as commercial and industrial.  This 



 

9 
 
 

effort was used to evaluate the potential for improving water quality with two retrofit BMP scenarios. The 

first scenario contained bioretention cells (with underdrain) capturing stormwater from the public right-

of-way and from constructed wetlands and wet ponds near the catchment terminus.  The second scenario 

was a variation in the first in that it added bioretention and porous pavement to capture stormwater from 

public and private parcels.   

Results from the NSGA-II optimization show that both scenarios converge on nearly identical 

solutions.  These results indicate that the addition of distributed BMPs (bioretention cells & porous 

pavement) is not a cost effective means for reducing pollutant loads, instead regional BMPs provide the 

greatest pollution reduction per dollar.  The results from this study also show that BMPs provide 

significant flow reduction benefits, including reduction in total runoff volume of approximately 20% and 

peak flow by nearly 50%.  

This case study also cited a number of shortcomings and challenges experienced while using 

SUSTAIN, chiefly the ability to discretely place BMPs in a watershed.  SUSTAIN software does include 

a BMP siting tool, however it does not interact with the other components of the model and capability 

cannot be integrated into BMP optimizations or discrete BMP scenarios to inform BMP feasibility.  For 

this research, use of a land-use raster and a number of assumptions will inform, to a certain degree, the 

level of feasibility to construct BMPs to overcome this deficiency (Section 4.4). 
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CHAPTER 3 STUDY AREA 

The LARB is shaped by the Los Angeles River (LAR), which begins at the confluence of Bell 

Creek and Arroyo Calabasas in the southwest corner of the San Fernando Valley.  From its confluence the 

LAR flows through almost exclusively concrete channels until its discharge point, 51 miles downstream 

at the Port of Long Beach.  The concrete lined channels within the LARB serve as a means for flood 

protection by providing a quick and reliable way to expedite stormwater during high flows. Between its 

confluence and discharge, the LAR is segmented into 6 reaches where a multitude of tributaries meet the 

river (Figure 3.1).  Reach 6 begins at the confluence of the river and extends to the Sepulveda Flood 

Control Basin in the San Fernando Valley.   

Figure 3.1 Reaches along the Los Angeles River and major 
tributaries 
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Tributaries flowing into this reach include Dry Canyon Creek and Arroyo Calabasas in the Santa 

Monica Mountains to the South, and Bull and McCoy Canyon Creek in the Simi Hills to the West (Figure 

3.2).  As Reach 6 flows east along the southern edge of the San Fernando Valley it meets two more 

tributaries before Reach 5, Aliso and Brown Canyon Wash, whose waters originate in the Santa Susana 

Mountains to the north. 

Reach 5 of the LAR begins at the edge of the Sepulveda Flood Control Basin, a 2000-acre 

recreation area in the San Fernando Valley containing baseball fields, golf courses and other open 

spaces50. Reach 5 extends through the center of this area for its length, 2.4 miles, across an earthen 

channel and ends at the gates of the Sepulveda Dam (a US Army Corp of Engineers dam).  Reach 5 also 

receives water from Bull Creek, whose flow originates from the north in the Santa Susana Mountains.  

The Sepulveda Basin also contains the Donald C. Tillman Water Reclamation Facility (WRF), which can 

contribute up to 80 MGD of treated wastewater effluent to the river51.   

Reach 4 begins at the discharge of the Sepulveda Flood Control Basin and continues east for 

approximately 11 miles to Riverside Drive in Glendale, at the far eastern edge of the San Fernando 

Valley.  This reach receives water from the Tujunga Wash, the northernmost tributary on the watershed 

Figure 3.2 Major orographic features in the Los Angeles 
River Basin 
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with a drainage area of over 200 mi2, most of which is in the Angeles National Forest to the north in the 

San Gabriel Mountains.  The Tujunga Wash also contains four large dams: The Pacoima and Tujunga, 

operated by the Los Angeles Department of Water and Power (LADWP)52, and the Lopez and Hansen 

Dams operated by the Army Corps of Engineers53. 

Reach 3 of the LAR begins at Riverside Drive in the city of Glendale where water flows 

southeast approximately 8 miles to the end of the reach at Figueroa Street in Los Angeles.  This reach 

receives water from the Burbank Channel and the Verdugo Wash, both in the foothills of the San Gabriel 

Mountains to the North.  Reach 3 also contains effluent from two water treatment facilities, the Los 

Angeles-Glendale WRF and the Los Angeles-Burbank WRF, both can discharge up to 20 MGD54 and 

12.5 MGD55, respectively.  Also along Reach 3 of the LAR is the Glendale Narrows, a six-mile length of 

the river where an upwelling of groundwater contributes flow to the river.  This spring-action is a result of 

a periodic high water table whose volume of discharge varies with the height of groundwater.  Although 

this contribution is not significant relative to effluent from WRFs56, it is sufficient to halt the laying of 

concrete on the floor of the channel.  The trapezoidal sides of Glendale Narrows are lined with concrete, 

however.   

Reach 2 begins at Figueroa Street, just above the rivers confluence with Arroyo Seco, and 

extends south nearly 19 miles to Carson Street in Long Beach.  This Reach receives water from the 

Arroyo Seco, an approximately 45 mi2 tributary that contains the Devils Gate Dam, an LADWP operated 

facility.  The most significant tributary flowing into Reach 2 is the Rio Hondo, a nearly 150 mi2 

subwatershed.  The Rio Hondo drainage area contains two large dams, the Santa Anita and Eaton Wash 

Dam, both operated by the LADWP, as well as many significant spreading grounds. 

Reach 1, the final reach of the river, begins at Carson Street and flows south to the rivers terminus 

at the Port of Long Beach approximately 3 miles downstream.  This reach receives water from Compton 

Creek, a small (23 mi2) and very developed subwatershed south of downtown Los Angeles.  Just below 

this confluence is the Wardlow stream gage and Mass Emission Station (MES), operated by the LADWP, 

which provides the final water quality and water quantity observations for the LARB57.  Both of these 

observed readings are used in the calibration and validation of the SUSTAIN Model.  Because of its 

minimal slope below, the Wardlow gage the river runs for its final 2.6 miles as an intertidal zone.  

Fluctuating tides from the Port of Long Beach regularly inundate this soft-bottom portion of the river. 

3.1. Climatology 

On average the coastal portions of the LARB receive 13.4 inches of precipitation annually while 

the higher elevation areas in the San Gabriel Mountains receive 27.3 inches, however yearly storm totals 

can vary wildly from season to season52.  This variation poses risks for the area in terms of significant 
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floods during wet years but also a lack of reliable water supply in dry years.  City officials in the early and 

mid-20th century recognized this uncertainty and sought to minimize the damages from flooding by 

creating flood control measures58.  Those flood control measures included channelizing the LAR and its 

major tributaries in concrete to encase and expedite stormwater flow, as well as the construction of dams 

to regulate timing and height of peak flow.  A consequence of a system with an impressive length of 

concrete channels in a highly urbanized area surrounded with significant areas of imperviousness is the 

propensity for pollution to build up on impervious surfaces, wash off during rain events and accumulate 

in receiving waterbodies.  Pollution in the watershed has proven sufficiently significant to earn seven 

tributaries in the LARB, as well as all six reaches of the LAR to be designated as impaired by section 

303(d) of the CWA59.  In response the LARWQCB has developed TMDLs and an implementation plan to 

comply with pollutant load regulations36.  This project serves to further inform those options by 

investigating the effects of BMP implementation at a watershed scale as a means to reduce metal loads to 

a level within regulation. 

3.2. LARB’s Unique Considerations  

The Los Angeles River Basin is a diverse watershed containing highly developed urban areas, 

including large portions of the City of Los Angeles in its lower and middle sections, as well as expansive 

pervious chaparral landscapes in the upper watershed60.  The upper and middle sections of the river basin 

contain nine major dams constructed to maintain flood control by controlling stormwater volume and 

timing downstream.  Eighteen spreading grounds exist throughout the watershed to redirect flows from 

the river to be infiltrated to the groundwater supply.  Spreading grounds are facilities directly adjacent to 

the river over pervious soils where water percolates to local groundwater aquifers.  Six NPDES 

dischargers are identified as ‘Major’ in the LARB by the California State Water Control Board (SWCB), 

four of which are WRFs61 whose combined design flows sum to over 100 million gallons per day51 54 55 

(MGD) and account for 70% to 100% of monthly average flow into the river basin during the dry season62 

(Figure 3.3). 

Another major NPDES discharger is the Santa Susana Field Site in the Santa Susana Mountains.  

Discharge from this location is almost exclusively stormwater that runs off contaminated soils and has a 

history of exceeding its water quality limits downstream63.  The LARB also contains an extensive 

stormwater conduit network consisting of more than 2,000 miles of aqueducts that quickly route flows 

downstream to mitigate local flooding64.   
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Lastly, just east and contiguous of the LARB is the San Gabriel River Basin (SGRB).  The LARB 

and SGRB are hydrologically connected via two crossover channels which operate as conduits for heavy 

flows from the SGRB to the Rio Hondo tributary in the LARB.  The upper watershed diversion is at the 

Santa Fe Dam, and the lower diversion channel is at the Whittier Narrows dam, both of which are 

operated by the US Army Corp of Engineers52. 

The aforementioned flow diversions, discharges and withholdings serve to complicate an already 

large and complex watershed.  Complications such as these are taken into account in the modeling 

framework as much as feasibly possible to accurately simulate this system.  Of the dams listed above, 

only five (Pacoima, Tujunga, Devils Gate, Eaton Wash, Santa Anita) consistently hold back significant 

volumes of water to be released later.  These dams also have nearly complete records of inflow and 

outflow (Table 4.5) and their difference can be calculated to account for the volume lost and incorporated 

into the hydrologic modeling of the basin.   

The numerous spreading grounds in the region affect modeling in that they divert significant flow 

away from the river.  Of the eighteen spreading grounds only seven (Santa Anita, Branford, Hansen, 

Figure 3.3 Unique considerations in the Los Angeles River 
Basin 
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Lopez, Saw Pit, Eaton Spreading Basin and Peck Road) infiltrate rainwater exclusively52, the other eleven 

divert stormwater in addition to imported water and recycled water.  The volumes of each contributing 

water source is not known for these spreading grounds, only the total volume, therefore they are not 

included in the hydrologic modeling. 

The two diversion canals that exist between the LARB and the SGRB also influence hydrologic 

modeling.  The upper watershed canal near the Santa Fe Dam has a gage measuring the volume of water 

moving from the San Gabriel River to the LARB-side, therefore it can be included in the modeling 

process.  The second crossover point at the Whittier Narrows Dam is also gaged, however flows entering 

the LARB-side meet a number of spreading grounds that divert stormwater away from the channel.  The 

spreading grounds are gaged as well, however their source of water is not exclusively stormwater from 

the diversion canal; they also include recycled water and imported water that are not able to be 

disaggregated from each other for this study52.  For this reason, the crossover point at the Whitter Narrows 

Dam is not included in the modeling process. 

3.3. Regulatory Framework 

The primary motivation for this study comes from section 303(d) of the Clean Water Act which 

requires states to compose a TMDL for pollutants in water bodies that do not meet water quality 

standards6.  A TMDL is an amount (mass) of a pollutant that can be present in a stream over a given time 

period and represents the waterbody’s calculated capacity to be polluted by a particular contaminant.  

TMDLs typically are written as kg/day, as they are in Los Angeles.  The permissible load for metals in 

this area is formulated based on concentrations established by the EPA in the California Toxics Rule 

(CTR).  The CTR specifies numeric criteria for pollutant (e.g. metal) concentrations to ensure human 

health and to protect the environment specific to each reach65 Table 3.1).  To convert from the metal 

concentrations listed in the CTR to a TMDL target for each metal a ‘critical flow’ from each tributary and 

the entire LAR is calculated.   

 The critical flow, or signature daily flow, for the entire Los Angeles River is 203 cubic feet per 

second (cfs).  This number is calculated by summing the daily flow from the three publicly owned 

treatment works that discharge to the river (169 cfs) as well as the dry-weather runoff from upper 

watershed tributaries and local storm drain networks (34 cfs)34.  The critical flow for each contributing 

tributary is then disaggregated from this 203 cfs and TMDL targets for each waterbody are calculated 

(Table 3.2).  The concentrations listed in Table 3.1 and the signature flows calculated for each reach allow 

for the pollutant load to be calculated for each metal and the corresponding waterbody. 
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TMDLs calculated from signature flows only applies when the majority of water present in the 

stream is originating from WRFs and the storm-drain network, defined as a dry-weather day.  When there 

is a significant rain event that adds a substantial volume of water (and pollutant) to the river or its 

tributaries, this is typically a wet-weather day and a different TMDL criteria is used.  This heightened 

daily load limit is based on the flow rate present in the receiving water body as well as a conversion factor 

specific for each metal (Table 3.2).  The threshold between dry and wet weather days is defined by the 

flow present at the lower most gage on the LA River, F-319 (“Wardlow” gage).  A dry-weather day is 

defined as when the maximum daily flow observed at Gage F-319 is less than 500 cfs.   

The TMDLs listed in Table 3.2 show the load targets for each metal and for each impaired 

waterbody in the LARB and represent a threshold for exceedances.  Also contained in the tables below is 

the Water-Effect Ratio (WER) for copper.  A WER is a way to account for site-specific water conditions 

that exist in-stream.   In-stream conditions affect the bioavailability of contaminants and a WER is a way 

to account for how the toxicity of a pollutant can change in different locations66.  WERs are 1.0 by default 

for all contaminants unless they have been approved to be otherwise. Copper is the only metal 

contaminant in the LA region that has an approved WER34. 

Table 3.1 Reach-specific numeric concentration targets for wet & dry weather (µg/L)34 

  Cadmium Copper Lead Zinc 
 
 
 
 
 

Dry 
Weather 

LAR Reach 5, 6 & Bell 
Creek 

- 30 x WER1 170 x WER1 - 

LAR Reach 4 - 26 x WER2 83 x WER1 - 
LAR Reach 3  - 26 x WER2 102 x WER1 - 
Tujunga Wash  20 x WER3 83 x WER1 - 
Burbank Channel - 19 x WER5 75 x WER1 - 
LAR Reach 2  - 22 x WER2 94 x WER1 - 
LAR Reach 1 - 23 x WER2 102 x WER1 -  
Compton Creek - 19 x WER7 73 x WER1 - 
Rio Hondo Reach 1 - 13 x WER8 37 x WER1 131 x WER1 

Wet 
Weather 

Conversion Factor 10 0.94 0.65 0.82 0.61 
Numeric Targets 11 3.1 x WER1 17 x WER2 94 x WER1 159 x WER1 

 1 Default WER of 1.0  
 2 Approved WER of 3.97 

3 Approved WER of 8.28 
4 Approved WER of 2.18 
5 Approved WER of 4.75 
6 Approved WER of 1.32 
7 Approved WER of 3.36 
8 Approved WER of 9.69 

 10 Conversion factors account for change in water hardness during wet weather flows 
 11 Concentration for all reaches change to single target for all reaches for wet weather flows 
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Table 3.2 Reach-specific TMDLs for wet & dry weather (kg/day)34 

  Critical 
Flow (cfs) 

Cadmium Copper Lead Zinc 

 
 
 
 
 

Dry 
Weather 

LAR Reach 5 7 8.74 - 0.65 x WER1 3.6 x WER1 - 
LAR Reach 4 129.13 - 8.1 x WER2 26 x WER1 - 
LAR Reach 3  39.14 - 2.5 x WER2 9.6 x WER1 - 
Tujunga Wash 0.15 - 0.007 x 

WER3 
0.029 x WER1  

Burbank Channel  17.3 - 0.80 x WER4 3.2 x WER1 - 
LAR Reach 2  4.44 - 0.24 x WER2 1.02 x WER1 - 
LAR Reach 1 2.58 - 0.14 x WER2 0.64 x WER1 - 
Compton Creek 0.90 - 0.041 x 

WER6 
0.16 x WER1 - 

Rio Hondo Reach 
1 

0.50 - 0.015 x 
WER5 

0.045 x WER1 0.16 x 
WER1 

Wet 
Weather 

Conversion factor 
(µg/L)8 

 3.1 x 
WER1 

17 x WER2 62 x WER1 159 x WER1 

                      1 Default WER of 1.0  
              2 Approved WER of 3.97 

3 Approved WER of 8.28 
4 Approved WER of 4.75 
5 Approved WER of 9.69 
6 Approved WER of 3.36 
7 Reach 5 critical flow includes flows from Reach 6 and Bell Creek 

             8 Conversion factor to account for change in wet weather loading capacity. Multiply daily storm   
               volume (L) and conversion factor (µg/L) to arrive at wet weather TMDL (kg/day) 

 

The reaches and tributaries identified as having established TMDLs are assessed in the modeling of flow 

and pollutant loading and BMPs (Figure 3.4).  Each impaired waterbody is contained within a watershed 

that has been delineated from topography and the storm sewer network allowing the contributing flow and 

pollutant loads to be assessed at each waterbody’s terminus before and after BMP simulation (Section 

4.1.1). 

Identifying the impaired waterbodies within the LARB, the appropriate load for each pollutant, 

and developing and implementing a plan to meet compliance is a lengthy process.  To enable Los Angeles 

to meet the requirements established in the CWA, a compliance scheduled has been developed to ensure 

continued progress (Table 3.3). 
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Table 3.3 Compliance schedule for metal TMDL targets34 

 January 2010 January 2012 January 2020 January 2024 January 2028 
Dry 
weather 

Draft 
Implementation 

plan due 

50% 
compliance 

75% 
compliance 

100% 
compliance 

100% 
compliance 

Wet 
weather 

Draft 
Implementation 

plan due 

25% 
compliance 

  50% 
compliance 

100% 
compliance 

  

Figure 3.4 Waterbodies in the LARB impaired for 
metals 
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CHAPTER 4 METHODS AND MATERIALS 

The following section details the large volume of data necessary to inform the SUSTAN model 

and how that data is prepared.  Once all of the pertinent information is organized it can be used to 

simulate the effects of BMPs in the LARB and assess their efficacy to reduce pollutant loads, and meet 

other ancillary benefits. 

4.1. Data Acquisition 

The SUSTAIN model requires a number of spatial, meteorological, and physical (e.g. BMP 

dimensions) datasets to be sufficiently informed and calibrated.  The following subsections detail the 

method for obtaining and organizing the necessary data. 

4.1.1. Partitioning the LA River Basin 

The Los Angeles River basin is approximately 825 mi2. Its large size and combination of natural 

and engineered landscape require care to effectively model.  Spatial organization of the watershed into 

smaller subwatersheds was undertaken for modeling purposes, with subbasins ranging from 24 to 268 mi2 

(Table 4.1, Figure 4.1).  These subwatersheds are delineated in such a way that Los Angeles County 

(LAC) stream gages utilized in the water quantity modeling are at the terminus of each subwatershed.  

Allowing simulated water flow from each subwatershed to be calibrated and validated in the hydrologic 

modeling process.  

Table 4.1 Hydrologically distinct subwatersheds and attributes 

Subwatershed Name LAC Gage at Terminus Area (mi2) Slope Stream Length (m) 
Glendale F57 53.2 0.006 32,338 
Compton Creek F37 23.6 0.003 17,960 
San Fernando  F300 268.3 0.032 45,891 
Upper Pacoima F118 28.3 0.040 33,394 
Lower Pacoima F305 25.3 0.063 14,100 
Arroyo Seco F277 30.6 0.060 23,224 
Chavez Ravine F34 62.1 0.013 37,742 
Verdugo Wash F252 29.8 0.056 19,184 
Big Tujunga F168 82.2 0.037 29,566 
Burbank E285 27.1 0.036 20,437 
Wardlow F319 49.4 0.001 25,878 
Lower Hondo F45 50.2 0.008 31,335 
Upper Hondo E326 75.4 0.054 23,145 
Santa Anita  F119 10.8 0.143 8,600 
Eaton Wash F271 9.3 0.112 11,739 
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The delineation of subwatersheds in a highly urbanized area like the LARB requires a number of 

spatial references. To account for the numerous diversions, water conduits, and the elaborate storm-drain 

network that crisscross the LARB, a number of shapefile databases were imported into ArcGIS to ensure 

the fifteen subwatersheds were hydrologically distinct.  

The foundation for subwatershed delineation is a shapefile from the LAC Geographic Information 

System (GIS) data portal.  This dataset contains approximately 1,000 subbasins within the LARB and is 

delineated from a USGS 7 ½ minute, 1:24,000 scale topo quad sheets by the Hydraulic Water 

Conservation Division67.  The delineation of the fifteen subwatersheds is completed by grouping together 

the 1,000 subbasins into larger subwatersheds whose flow drain to the LAC stream gages below.  To 

ensure that the resulting subwatersheds were hydrologically distinct, the region’s storm-drain network 

that is responsible for ushering stormwater downstream to ensure flood protection, is overlain across the 

river basin (Figure 4.2).  This shapefile was used to reshape the subwatersheds so all rainwater falling on 

a subwatershed exits only through the downstream gage64.  In addition to these tools, the basemap satellite 

imagery that accompanies ArcMap software is used to help elucidate discrepancies that appear between 

the above mentioned shapefiles68.  

Figure 4.1 Subwatersheds in the hydrological modeling 
process 



 

21 
 
 

4.1.2. Geographical Data 

A number of geographical datasets are used to inform the model of the conditions “on the 

ground”.  The geographical datasets presented in this section are land cover type, hydraulic conductivity 

and manning’s n. 

4.1.2.1. Land Cover  

Land cover type plays a large role in surface water quantity and quality modeling; the proportion 

of imperviousness and perviousness in a watershed can greatly vary the volume and quality of water to 

receiving waterbodies69.  To best identify land cover types in the LARB a land cover raster developed by 

The Southern California Association of Governments (SCAG) is used70.  This spatial dataset illustrates 

the various land cover types across Southern California.  The latest dataset was published in 2005, has a 

resolution of 2- acres and uses 134 land-use designations (e.g. airport, golf course, power facility, etc.).  

To better organize the diversity of land-use designations and categories that are more conducive to water 

quality modeling, land designations were grouped according to twelve broader categories (Table 4.2, 

Figure 4.3).  Each of the 134 land-use designations contain a percent imperviousness, which can be 

weighted and averaged to provide the percent imperviousness for the twelve broad land cover types.  

Figure 4.2 Subbasins and corresponding flow direction.  Inset 
shows storm sewer network 
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Percent imperviousness is important because it determines the volume of water that can accumulate on 

surfaces, runoff into a nearby storm drain that leads to receiving water bodies, and ultimately contribute to 

TMDLs.   

 To increase the level of confidence of percent imperviousness from the land cover designations 

developed by SCAG, another raster which contains a much finer 4 m2 resolution, developed by 

McPherson et al., is used71 (Figure 4.4).  The spatial extent of the McPherson Raster is limited to the Los 

Angeles city boundaries; as such it does not cover the entire study area.  Approximately 35% of the 

watershed is occupied by the City of Los Angeles, therefore the high resolution data set is only utilized 

for this portion of the LARB, and the coarser SCAG data set is used for the remaining portion.  

Figure 4.3 SCAG land-use raster and respective land cover 
types 
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Table 4.2 Land-uses, percent impervious, & area 

Land Cover Type % Impervious Area (mi2) 
Agriculture 30 5.6 
Commercial 88 60.3 
Education 71 16.9 
Forested 7 317.6 
Industrial 76 49.4 
Multi-Family 
Residential 72 

56.9 

Other 29 2.7 
Parks & Recreation 15 22.1 
Single-Family 
Residential 46 

250.0 

Transportation 85 20.3 
Vacant 7 17.2 
Water 100 10.8 

 

 

Figure 4.4 McPherson Land Use Raster 
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4.1.2.2. Hydraulic Conductivity 

Another parameter needed for each subwatershed in SUSTAIN is hydraulic conductivity.  This 

parameter measures the capacity of a soil (i.e. pervious areas) to transmit water, and is important for 

modeling to obtain correct timing and volume of peak flow.  Each subwatershed in the LARB is assigned 

an average hydraulic conductivity based on the soil types within their boundary.  A shapefile containing 

soil types throughout Los Angeles County illustrates the 179 possible soil types72.  Each soil type contains 

an associated soil name and Runoff Coefficient Curve73.  Rating curves inform what soil classification 

each of these varying soil types are (A, B, C or D).  To arrive at the hydraulic conductivity value for each 

soil classification a simple calculation is completed via a transformation outlined in the EPA report: 

National Stormwater Calculator User’s Guide74.  Finally, the hydraulic conductivity for each 

subwatershed was averaged by the soil classifications and their weighted area (Table 4.3).  

4.1.2.3. Manning’s n 

Manning’s n is a roughness coefficient representing the frictional resistance of water as it runs 

over land and channel features75.  Inputs to SUSTAIN require values for manning’s n over pervious and 

impervious surfaces.  The basemap satellite imagery within ArcMap and their correspondence to 

manning’s n descriptions76 was used to assign manning’s n values (Table 4.3). 
 

Table 4.3 Values for imperviousness, manning’s n, and hydraulic conductivity 

Subwatershed  
Average Percent 

Impervious 
Manning’s n Hydraulic Conductivity 

(in/hr) Pervious Impervious 
Glendale 54.6 0.017 0.022 0.112 
Compton Creek 68.5 0.017 0.022 0.052 
San Fernando  48.2 0.017 0.022 0.132 
Upper Pacoima 7.5 0.040 0.040 0.123 
Lower Pacoima 53.4 0.017 0.030 0.092 
Arroyo Seco 17.9 0.035 0.035 0.183 
Chavez Ravine  56.2 0.017 0.022 0.094 
Verdugo Wash 31.6 0.014 0.022 0.161 
Big Tujunga 8.6 0.040 0.040 0.237 
Burbank 49.8 0.017 0.022 0.165 
Wardlow 63.3 0.017 0.022 0.046 
Lower Hondo 60.2 0.017 0.022 0.063 
Upper Hondo 45.6 0.017 0.022 0.111 
Santa Anita  8.1 0.040 0.040 0.225 
Eaton Wash 15.5 0.040 0.040 0.194 
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4.1.3. Meteorological Data 

SUSTAIN requires a number of meteorological inputs to complete a successful simulation. 

Because of the relatively small area of each subwatershed an hourly timeseries is utilized for 

precipitation, while a daily timestep is required for what SUSTAIN calls climatological data: 

evapotranspiration (ET), low and high temperature and wind speed.  Hourly precipitation is recorded by 

proximal LAC rain gages and climatological data is garnered from weather stations from the California 

Irrigation Management Information System (CIMIS) operated by the California Dept. of Water Resources 

(Figure 4.5).     

Precipitation and climatological data is calculated for each subwatershed using inverse-distance 

weighting, where the distance from each gage to the centroid of each subwatershed is measured and 

weighted according to their proximity to the centroid of the particular subwatershed.  Together these 

inputs allow SUSTAIN to simulate precipitation over the watershed and account for water lost due to 

evapotranspiration.  They also inform SUSTAIN if the precipitation is falling as liquid or solid, however, 

due to the regions mild climate the area rarely receives solid precipitation.  

Figure 4.5 Precipitation and evaporation gages used in 
modeling 
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4.1.4. Flow Data 

Flow data will be used in the hydrologic modeling process to calibrate modeled flow to observed 

but also to inform SUSTAIN of the number of other major sources of flow in the basin that are considered 

in the calibration.  The major sources of flow include: dams, spreading grounds, and WRFs. 

4.1.4.1. Observed Channel Flow 

A number of different forms of discharge data are utilized in the modeling process.  Flow data 

from LAC gages at the terminus of each subwatershed are used to calibrate and validate simulated flow 

from their respective drainage areas.  Because of the heavy time investment that would be required to 

calibrate and validate each of the fifteen subwatersheds for the simulation period, eight gages were 

selected for the calibration process (Table 4.4, Figure 4.6).  Seven of the eight gages are from the 

subwatersheds in the upper portions of the LARB that receive the largest volumes of stormwater. The 

final gage used for calibration marks the discharge point for the study area, the Wardlow Gage. This is 

also the same location of the Mass Emission Station (MES) used for water quality sampling.  The relative 

time invested at the Wardlow Gage for calibration was far greater than others, it is at this point that all 

water in the basin can be accounted for. 

 Although not all fifteen subwatersheds played a role in the flow calibration and validation 

process, they played a significant role in the input of data and parameters.  Each subwatershed is assigned 

a unique precipitation and climatological file as well as physical considerations (e.g. slope, hydraulic 

conductivity) to obtain the most representative conditions in each subwatershed.   

Table 4.4 Gages used in the calibration process and their periods of record 

 
Subwatershed 

Name 
 

 
Subwatershed 

Gage 

Record Gap  
Length of 

Record 
(years) 

Start End Start End 

Arroyo Seco F277 (above dam) 2/1/2005 9/30/2013 10/1/2003 2/1/2005 8.7 

Burbank E285 10/1/2003 9/30/2013 - - 10.0 

Eaton Wash F271 10/1/2003 9/30/2013 - - 10.0 

Santa Anita  F119 10/1/2003 9/30/2013 1/9/2005 11/30/2005 9.1 

Tujunga Wash F168 (above dam) 10/1/2003 9/30/2013 10/1/2008 9/30/2012 6.0 

Upper Pacoima F118 (above dam) 10/1/2003 9/30/2013 - - 10.0 

Verdugo Wash F252 10/1/2003 9/30/2013 - - 10.0 

Wardlow F319 10/1/2003 9/30/2013 - - 10.0 
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A number of gaps in the observed record are shown in Table 4.4 for the chosen gages. The modeled flow 

is calibrated and validated only to the available observed timeseries. 

4.1.4.2. Dams  

Five dams that retain large reservoirs of water exist in the upper portion of the watershed.  A 

review of these dams reveal they do not simply fill to specific heights or volumes and release excess 

stormwater discharge.  Instead these systems are subject to human intervention and their release or 

holding of stormwater varies from dam to dam and from storm to storm based on the specific local and 

temporal needs for that dam at that time of year77.  For these reasons observed data is input to SUSTAIN 

via the “additional timeseries” option to simulate their presence in lieu of simulating the dams by only 

their physical dimensions.  This ensures that the unique decision making process at each dam is taken into 

account for the entire simulation period.   

Utilizing the observed data in the model requires the use of the hourly inflow and outflow 

timeseries for each dam, and the difference between the two is input into SUSTAIN as the additional 

timeseries.  When the dam inflow gage reads a larger flow than the downstream gage, the reservoir is 

Figure 4.6 Gaged subwatershed. Starred gages are consulted 
in calibration process 
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assumed to be growing.  To simulate the withholding of water that is taking place at the dam the 

additional timeseries is negative and water is ‘subtracted’ from the channel in SUSTAIN.  The reverse is 

also true when the downstream gage reads a larger flow than the dam inflow gage, the reservoir is 

shrinking and the additional timeseries is a positive value, adding to the channel in the model.   

Not all of the dams have a complete hourly inflow/outflow timeseries for the entire simulation 

period (Table 4.5).  For those durations of time when no recorded data is available the difference between 

the outflow and inflow gage is assumed zero. 

Table 4.5 Period of record for inflow and outflow gages for each dam 

 
Dam 

Record Length of Record (years) 
Start End 

Pacoima Wash  10/1/2003 9/30/2013 10.0 

Devils Gate  2/1/2005 9/30/2013 8.7 

Tujunga Wash 10/1/2003 9/30/2009 7.0 

Santa Anita  10/1/2003 9/30/2013 10.0 

Eaton Wash  10/1/2003 9/30/2013 10.0 

 

It is assumed the volume of water entering the dam but not exiting through the dam gates is lost 

to evaporation or infiltration.  Over the course of the ten-year simulation time the average yearly volume 

of water lost to infiltration or evaporation by all five dams is 3,735 acre-feet per year (AFY). 

4.1.4.3. Spreading Grounds 

Similar to the dams above, spreading grounds are also subject to human intervention and after 

thorough review, the intervention is sufficient that modeling only their physical dimensions in SUSTAIN 

fails to capture their decision aspect.  For this reason, observed flow data from the spreading grounds are 

also simulated via the additional timeseries tool in the model.   

Of the eighteen spreading grounds in the basin, only seven infiltrate rainwater exclusively, the 

other eleven divert stormwater in addition to imported and recycled water.  The volume of water each 

spreading ground diverts per month is obtained from water conservation reports available on the Los 

Angeles County Department of Public Work (LACDPW) website78.  The monthly volumes are 

disaggregated to an hourly timeseries to be consistent with observed stream flow gage timeseries used in 

calibration and validation.  Table 4.6 shows each facility modeled in this research and its details.  Over 

the course of the ten-year simulation the average yearly volume of water lost to the identified spreading 

grounds is 33,491 AFY. 
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Table 4.6 Spreading grounds utilized in modeling and their physical characteristics79 

Spreading Basin Estimated Infiltration Rate (cfs) Storage (AF) 
Branford 1 137 
Buena Vista 6 177 
Eaton Wash 14 525 
Hansen 150 1409 
Lopez 15 24 
Peck 25 3347 
Santa Anita 5 25 
Saw Pit 12 13 

 

4.1.4.4. Water Reclamation Facilities (WRFs) 

The Los Angeles Region houses an extensive population7. To accommodate the wastewater needs 

of all of its residents there are four WRFs who discharge effluent in the river basin (Table 4.7), three of 

which consistently contribute flow to the study area52.  Flow from the three facilities is directly discharged 

into the concrete lined portions of the river basin and cannot be intercepted by a BMP, therefore when 

BMPs are simulated in SUSTAIN, WRF-discharge is not considered.  Although flow from the WRFs is 

not considered in the BMP simulation, their flow and pollutant loads are important because they impact 

observed flow and water quality modeling at downstream gages.  Section 4.4.1 and 4.4.2 explain how 

their observed effluent data is used to inform the model.  The combined design capacity from all three 

WRFs is 126,100 AFY, although the records that have been able to be garnered show that the WRFs 

operate well under their design limit80. 

Table 4.7 Water reclamation facility specifications 

Name Operation 
Commencement 

Design Flow (MGD) 

Donald C. Tillman 1985 80 
LA-Burbank 1966 15 
LA-Glendale 1976 20 
Whittier Narrows 1962 15* 

*Estimated Contribution to LARB is < 1%52 

4.1.4.5. NPDES Dischargers 

The three WRFs discussed above are the largest and most consistent NPDES dischargers to the 

river basin, however there are 100’s more permitted point source dischargers in the area (Table A-1).  Of 

the 100’s of dischargers, only the six major dischargers are considered, four of which are WRFs, and the 

other two are commercial entities (Plains West Coast Terminals, and Boeing).  Like the three large 

WRFs, the effluent from commercial dischargers is not able to be intercepted by BMPs simulated in 
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SUSTAIN and is not considered in the BMP simulation process, however their flow and pollutant loads 

are important because they influence downstream flow and water quality gages. Observed flow and water 

quality was attempted to be obtained from the commercial permitees via a public records request made to 

the Regional Water Quality Control Board.  The records request was approved however the lack of a 

streamlined data query process made the data unnavigable.   

Of all of the NPDES permitees considered in this research, Boeing is permitted to discharge the 

greatest volume in the LARB (187 MGD), for this reason extra investigation into its waste load allocation 

and NPDES permit is completed.  The Boeing NPDES permit is for the Santa Susana Field Laboratory, a 

facility jointly operated by Boeing and The National Aeronautics and Space Administration (NASA), 

with portions of the property owned by the United States Department of Energy81.  The site was 

constructed in 1947 on 2,850 acres in the Simi Hills in the western portion of the upper LARB.  Its 

operations included research, development, and testing of rocket engines, small nuclear reactors and 

chemical lasers81.  Boeing trumpets this site as crucial to the success of the early NASA space missions82, 

however that legacy also includes the volatile-organics, heavy metals and other contaminants that played 

a role in rocket assembly, cleaning, testing, and storing81.   

Although nuclear reactor research ceased in 1989 and rocket testing operations in 2006, the soils 

on the surface and subsurface remain contaminated81.  The most recent NPDES permit (Feb 2015) issued 

by the LARWQCB identifies the rainfall that accumulates on the surface of the site, picks up the present 

contaminants (including heavy metals), as a major contributor of pollution to the river basin81.  This 

permit also identifies the sites maximum allowable discharge, 187 MGD.  This number is derived from a 

24-hour storm event with a 10-year recurrence interval, and as such this discharger does not contribute to 

pollution in the river except during storm events.  In fact, this flow would enter the river basin regardless 

of the existence of the facility, but because of soil contamination, this stormwater is significantly more 

polluted that it would otherwise be.  Additionally, the LARWQCB catalogs the Santa Susana site for 

recent violations in deficient reporting, and surface water and effluent limit violations including for two of 

the constituents modeled in this report, lead and copper63, however the specific values of the quantity and 

quality of flows was unavailable. 

4.2. BMP Specifications  

To sufficiently inform the BMP module within SUSTAIN of the BMPs chosen for this research 

and their specific parameters (dimensions, performance and cost), an investigation into each parameter’s 

values is completed.  BMP dimensions and cost are formulated by exploring BMP projects specific to 

Southern California, while BMP performance is calibrated to values from the International BMP 

database83.  
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4.2.1. Selected BMPs 

There are a number of stormwater BMPs available for implementation, some of which are more 

appropriate in certain climates, urban settings, or for certain pollutants.  The five chosen for this research 

are porous pavement, vegetated swales, bioretention, dry ponds and infiltration trenches.  These BMPs 

where chosen because each provides a wide variety of advantages between them and can be combined in 

various BMP portfolios to offer a wide range of benefits and options for city officials weighing the 

various needs of the city, like increase groundwater recharge, reducing pollutant load, and reducing cost.  

A general description of each BMP type is entailed in the following section.  These descriptions are 

purposefully broad because BMP characteristics can vary from region to region, and are modified to cater 

to the pollutant-profile present in a particular area. 

4.2.1.1. Porous Pavement 

Porous Pavement is a unique variety of pavement that contains a sufficient volume of pores to 

allow runoff to percolate while also maintaining sufficient strength to support vehicles.  Porous pavement 

is installed over highly impervious soils and/or gravel mixture which is responsible for the pavement’s 

capacity to hold stormwater.84  Because porous pavement does not have the same strength as traditional 

pavement it is not as well-suited for roads where there is considerable traffic and speeds.  The current 

technology is suitable for parking lots where speeds are low85.   

4.2.1.2. Vegetated Swale 

A vegetated swale is a narrow depression on the surface that acts as a channel for stormwater 

flow and is dense with vegetation.  Vegetated swales are designed to reduce stormwater velocity, and 

entrap pollutants like suspended solids and trace metals.  Vegetated swales require a mix of soils able to 

support dense vegetation but also sufficiently porous to allow ~ ½” of infiltration per hour.  Swales can 

include vegetation such as reed canary grass, grass-legume mixtures, and red fescue, this vegetation 

should be dense, cover the swale as entirely as is feasible and consider local climate.86 

4.2.1.3. Bioretention Cell 

A bioretention cell is similar to a vegetated swale in its long narrow shape however bioretention 

can also contain larger vegetation like wooded shrubs or trees and a deeper planting soil depth.  

Additionally, bioretention areas are most effective when stormwater runoff is sheet-flow.  To encourage 

sheet-flow, bioretention areas have grass and/or sand buffers along their sides to distribute and slow 

stormwater flow.  Stormwater in bioretention areas can pond to a depth of 6 inches and infiltrate water 

slowly over the course of several days.87 
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4.2.1.4. Dry Pond 

A dry pond is a large grassy depression designed to hold and temporarily detain stormwater.  Dry 

ponds are unique to the other BMPs chosen for this research in that it is not designed for infiltration, 

rather it is composed of non-porous media such that stormwater is held for a designed minimum time (i.e. 

up to 72 hours) to allow pollutants in stormwater to settle.  Dry ponds are constructed with a large outlet 

and drains to allow for the appropriate residence time of stormwater.  Dry ponds, like infiltration trenches 

tend to be large and designed to treat large catchments.  Their large size can hinder implementation in 

dense urban areas like Los Angeles.88 

4.2.1.5. Infiltration Trench 

An infiltration trench is a large excavated area that is, generally, at least three feet deep and filled 

in with course gravel and/or cobbles.  This BMP serves to filter contaminants by infiltrating stormwater 

into the surrounding soils and offer recharge opportunity to local groundwater aquifers.89 

4.2.2. BMP Dimensions 

The dimensions of each BMP are identified such that they can be physically simulated in 

SUSTAIN.  However, research by Katie Radavich in her Master’s Thesis on BMPs in the Ballona Creek 

Watershed elucidated that BMPs simulated in SUSTAIN are not done so on a per unit basis but on a per 

unit volume basis16.  For example, two dry ponds with a combined volume of 1,000 ft3 are simulated 

exactly the same as ten smaller dry ponds with a combined volume of 1,000 ft3 (considering no other 

parameters have changed).  SUSTAIN requires a dimension for each BMP simulated, however 

Radavich’s discovery indicates that the dimensions of the BMPs modeled can be modified as long as the 

overall volume remains unchanged.  BMP dimensions for this research are decided to be consistent with 

those decided in Radavich’s research (Table 4.8). 

Table 4.8 Dimensions of simulated BMPs16  

 Vegetated Swale Bioretention Porous Pavement Dry Pond Infiltration Trench 
Length 250 46 62 45 90 
Width 10 23 20 15 45 
Depth 0.5 1.5 1 5 5 

 

4.2.3. BMP Performance 

Every BMP type chosen for this research has a unique performance for each metal contaminant.  

To effectively simulate BMPs in SUSTAIN their influent and effluent are calibrated to match those 

reported in the International Stormwater BMP (ISBMP) database.  The calibration of BMPs was 
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completed in a research by Drew Beck in his Master’s Thesis17. The resulting decay efficiencies (k) are 

shown below for each BMP and constituent (Table 4.9).   

Table 4.9 Summary of reported BMP metal efficiencies17 

 Vegetated  
Swale 

Bioretention Porous  
Pavement 

Bioretention Dry Pond Infiltration  
Trench 

Cadmium 0.01 0.01 0.01 0.01 0.01 0.01 
Copper 1.7 0.55 0.01 0.55 0.6 0.6 
Lead 20 0.2 0.01 0.2 0.65 0.65 
Zinc 60 0.85 0.01 0.85 1.08 1.08 

 

One constituent in the above table (cadmium) was not calibrated by Drew Beck.  The model 

results will show later that cadmium is modeled to comply 100% with TMDLs before BMP 

implementation, therefore the default value (0.01) assigned by SUSTAIN was utilized in this instance. 

4.2.4. BMP Cost 

The cost of BMPs is another attribute from Katie Radavich’s Thesis work.  SUSTAIN has a built-

in BMP cost database however it was decided that those costs estimates could be improved by 

investigating BMP costs local to Southern California.  A variety of sources were uncovered in this 

process however their reported costs were insufficient because the line items within the report failed to 

include complete construction costs and the volume of water treated by the projects.  The lack of data in 

the desired format resulted in small sample sizes (Table 4.10) used to determine the final cost values.  

Table 4.10 BMP construction costs ($) per unit treatment volume of water 

 Vegetated Swale Bioretention Porous Pavement Dry Pond Infiltration Trench 
Samples 4 5 8 5 14 
25% Quartile 5.37 12.30 10.57 4.40 3.33 
Median 10.07 14.60 15.69 5.88 6.03 
75% Quartile 18.53 16.24 16.17 15.71 16.63 
Unit $/ft3 $/ft3 $/ft3 $/ft3 $/ft3 
 

4.3. Hydrologic Modeling Strategy 

A complete simulation in SUSTAIN’s hydrologic module outputs an hourly flow and pollutant 

load timeseries for each contaminant.  The period of analysis begins water year (WY) 2004 and ends WY 

2013, however precipitation, and other climatological data input to SUSTAIN begins WY 2000 to allow 

sufficient ‘spin-up’ of the model.  The first five-year period (WY 2004 – 2008) is the calibration period 

where parameters in SUSTAIN will be varied and optimized to match flow best.  The validation period 
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(WY 2009 – 2013) is used to check the accuracy of those same parameters from the calibration period and 

gage their ability forecast flow and loads.   

4.3.1. Water Quantity Modeling 

As explained in detail above, the Los Angeles River Basin not only contains stormwater in its 

reaches but also discharge from WRFs, other NPDES dischargers, and the outdoor residential use of 

water from millions of property-owners (all are collectively called ‘non-storm flow’).  To account for the 

diversity of sources water can originate from, a number of assumptions are made during the calibration 

and validation process.   

SUSTAIN is only able to simulate water in the channel due to precipitation, therefore calibration 

and validation of flow is focused on storm events, and not on non-storm flow.  Documentation for Metal 

TMDLs has determined that the median non-storm flow in the Los Angeles River is 203 cubic feet per 

second (cfs) as measured at Wardlow Gage34, meaning that days when there is no precipitation, flows in 

the river are typically 203 cfs or less.  The 203 cfs threshold is used as the dividing line between when 

flow is not modeled (observed flow ≤ 203 cfs) and when flow is modeled and calibrated to fit observed 

(observed flow > 203 cfs).  After investigating non-storm flow in the basin for the simulation period 

nearly all non-storm flow is 203 cfs or less, the exception is in WY 2013 when non-storm flow 

approaches 250 cfs.  The increase in non-storm flow was likely the result of the regions drought and 

increase in outdoor residential use.  For this WY the non-storm flow threshold was adjusted to 250 cfs to 

account for this observation.  

Unlike many modern watershed models, SUSTAIN does not have a sophisticated calibration 

capability, instead a manual, one factor a time approach is used to identify the best parameter set that 

matches modeled to observed.  The calibration and validation (Figure 4.9) of water quantity for only 

storm-flow (observed flow > 203) for the respective periods of time and their error values (Table 4.11, 

Table 4.12) is shown below. 

Table 4.11 Statistics for calibration period 

Error Function Value 
Percent Bias +5.2 
Nash Sutcliffe Efficiency (NSE)  0.85 
R2 0.84 
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Table 4.12 Statistics for validation period 

Error Function Value 
Percent Bias -3.5 
Nash Sutcliffe Efficiency (NSE)  0.51 
R2 0.61 

 

 

The final parameters used in the calibration period show a good visual fit, as well as good values 

for the error functions.  There is a deviation in performance between calibration and validation period, 

both in terms of visual fit but also error functions.  The departure in performance between calibration and 

validation is likely due to the extreme variation in precipitation.  WY 2005 in the calibration period is one 

of the wettest years on record for some precipitation gages in the region, while WYs 2012 and 2013 in the 

validation period are some of the driest years.  SUSTAIN was unable to simulate flow effectively in dry 

years and wet years.   

A number of approaches were employed to attempt to reconcile the extreme performance 

differences between calibration and validation periods, including the removal of the first two WYs in the 

simulation period so as remove the wettest years and focus the calibration on better performance to the 

drier years.  This approach unsuccessful.  When the first two WYs were removed and 

calibration/validation was focused on the driest years, modeled flow from WY 2012 and 2013 could not 

be sufficiently increased without significantly varying parameters.  When modeled flow performance was 

improved for WY 2012 and 2013, performance of moderate years suffered.  A balance between good 

(a)       (b) 

Figure 4.7 Flow calibration (a) & validation (b) for their respective periods. 

 



 

36 
 
 

performance on dry years, moderate, and wet years was unable to be obtained, even when the wetter years 

were removed. 

A second approach was to swap the validation and calibration periods, and focus the varying of 

parameters to get the best possible fit on the validation period and then testing the ability to predict flows 

in the calibration period.  This approach was also unsuccessful.  The problem encountered in the prior 

approach was again encountered here; modeled flows for WY 2012 and 2013 could not be sufficiently 

improved unless parameter values were altered drastically, consequently performance in other WYs was 

significantly reduced when this was completed. 

The failure of the first two approaches to remedy poor performance in WY 2012 and 2013 

prompted in investigation into the precipitation input for this timeframe.  The analysis of the precipitation 

file for WY 2012 and 2013 did not show unusually low or irregular precipitation totals, relative to other 

simulated WYs.  Although performance in WY 2012 and 2013 could not be sufficiently increased, the 

overall performance was increased as much as possible while also maintaining good performance of the 

calibration period. 

The parameters within SUSTAIN and their initial and calibrated values are shown in the appendix 

(Table A-3, Table A-4), which reveal that most parameters were varied to some degree however a select 

number of parameters were changed significantly (width, percent impervious, hydraulic conductivity).  

These parameters were identified in Drew Beck’s Thesis as the most sensitive and conducive to 

calibrating flow to match observed17. The SUSTAIN user’s manual contains a full description of the 

parameters12.  

4.3.2. Water Quality Modeling  

The LARB’s various contributors of flow (e.g. precipitation, WRFs) also contain a pollutant load.  

Simulating pollutants in SUSTAIN is completed with the Event Mean Concentration (EMC) approach as 

well as with effluent data from major point-source contributors of metal pollution, such as WRFs.  The 

following section details how each of these approaches is executed to successfully simulate loads in 

SUSTAIN. 

4.3.2.1. Simulating Pollutants (Wet Weather) 

Simulating pollutant buildup and wash-off during storm events in SUSTAIN utilizes the EMC 

approach.  EMC data is composed of water quality samples taken at the discharge of discrete land-use 

types.  Locations are identified by the nature of the activities that take place on them.  For example, 

California State University Northridge is the sampling location used by the LA County Stormwater 

Modeling Program (LACSWMP), for the Education land-use.  Water quality samples from this site are 

identified as representative of all education land uses in the region.  A full list of the land-use designations 
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used in this site and the representative EMC location is listed below (Table 4.13).  Water quality samples 

were taken at these locations from water year 1996 to 2001.  The majority of EMC data is garnered from 

field analysis by the LADPW’s LACSWMP.  Supplementary EMC data from studies completed by the 

Southern California Coastal Water Research Project (SCWWRP)90 is also used where LAC data is 

insufficient, specifically for Agriculture, and Recreation land-uses. 

Table 4.13 Water quality sampling locations and their respective land-use designations 

Land Use 
Designation 

Sampling Location Number of Sampled 
Events C 

Agriculture Pierce Farm - Woodland Hills, CA A 6 
Commercial Santa Monica Pier 45 
Education California State University Northridge 42 
Industrial Los Angeles Harbor 53 
Multi-Family 
Residential 

Along Duarte Rd near La Cadena Ave – 
Arcadia, CA 

41 

Parks & Recreation Golf Course and LA Equestrian Center B 3 
Other Gold Course and LA Equestrian Center A, B 3 
Single-Family 
Residential 

Glenwood Rd and Cleveland Ave Glendale, CA 38 

Transportation 
116th St and Isis Ave, including LAX and 
Interstate-105 

69 

Vacant Sawpit Creek, Along natural watercourse section 30 
A – Data from SCWRRP land use monitoring study90. All other data is from LA County 
B – ‘Other’ Land-use designation did not have a specific sampling location, Parks and Recreation   
        was assumed to be sufficiently similar (Other is composed of primarily of cemeteries) 
C – Number of events sampled for the contaminant copper, see Appendix for other metals  

 

Each of the land use sampling locations has a number of different storms in which water quality 

samples were obtained from.  Table 4.14 shows the minimum, maximum, mean, median, 75th and 95th 

percentile values for all of the storms on each land-use type for the contaminant copper.  These same 

statistical measures are shown for other modeled metals in the appendix.    Observed water quality 

samples are also taken at the Mass Emission Station (MES) at Wardlow Gage with composite samples 

taken by LACSWMP.   The MES data is used to calibrate the accuracy of the EMC approach by directly 

comparing those downstream-observed measurements, with pollutant loads the SUSTAIN model outputs.   

Traditionally median values from EMC sampling data are used in water quality modeling, but 

during calibration when the median value was used, the model significantly and consistently under 

predicted pollutant loads when compared to observed.  The 75th, 90th and 95th percentile values were all 

tested in the calibration process to arrive at the EMC value that best matched observed water quality 

readings.  For cadmium the 75th percentile value matched observed best, 95th percentile for lead and zinc, 

and 96th percentile for zinc.  Figure 4.10 Event Mean Concentration data for copper for all land-uses 
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illustrates the observed and modeled loading for copper at the watershed terminus, as well the TMDL.  

Observed and modeled loading for cadmium, lead, and zinc are shown in the appendix. 

Table 4.14 Statistical values for copper EMC data (ug/L) 

 Mean Maximum Minimum Median 25th 
Percentile 

75th 
Percentile 

95th 
Percentile 

Agriculture 34.9 79 10.8 22.3 12.0 62.8 79.4 
Commercial 35.4 320 6.5 24.0 14.8 39.7 72.0 
Education 25.2 232 7.0 16.0 11.3 25.0 68.4 
Industrial 51.0 990 7.0 22.1 14.6 42.3 100.9 
MFR 39.9 230 6.1 13.4 9.8 29.2 198.1 
Other 32.8 37 29.2 32.3 30.0 35.8 37.0 
Parks n Rec 32.8 37 29.2 32.3 30.0 35.8 37.0 
SFR 20.0 69 5.9 13.9 10.0 25.0 52.2 
Transportation 55.1 292 13.0 40.0 28.8 61.7 150.7 
Vacant 22.4 270 2.0 7.3 5.9 15.0 53.0 

 

 

4.3.2.2. Simulating Pollutants (Dry Weather) 

 The sole conveyance of loading for the EMC approach is stormwater runoff.  To account for 

non-storm flow & loading (dry weather) a number of assumptions and calculations are necessary.  The 

majority of non-storm flow in the river basin originates from NPDES dischargers, chiefly the three 

WRFs62.  Effluent from these permittees discharge directly to the channelized portions of the river, then to 

Figure 4.10 Event Mean Concentration data for copper for all 
land-uses 
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the Port of Long Beach, therefore their flow is unable to be directed to BMPs.  The only flow considered 

in the BMP simulation is water able to be intercepted by a BMP, for this reason flow and loading from 

NPDES dischargers is not included in the BMP simulation.  Although NPDES flow and loading is not 

considered in the BMP simulation it is accounted for downstream at the MES station and the Wardlow 

flow gage, both of which are used in the calibration process and therefore WRF effluent must be 

considered.  The other major source of non-storm flow in the basin is from outdoor residential use.  The 

quantity of flow from these locations is not as significant as WRFs but their quality can be significantly 

impaired35, and is capable of being intercepted by BMPs, therefore it is included in the BMP simulation.  

There are no stations or monitors that record flow or water quality from residential areas in the basin, 

however their flow (QOR) and water quality (COR) contribution can be estimated with observed data from 

WRFs and the downstream gage (F319).    QOR can be calculated by assuming that all dry-weather runoff 

(Qdry) originates from either outdoor residential use (QOR), or water reclamation facilities (QWRF).  This is 

the same assumption metal TMDL documentation makes in their assessment of the contributing runoff 

from upstream tributaries and associated TMDLs34 (Equation 4.1).  A daily record of discharge (QWRF) 

could be obtained for only two of the three WRFs (Tillman & LA-Glendale) for the duration of the 

simulation period.  Discharge from the third WRF (LA-Burbank) was obtained from monthly averages for 

six months in WY 2011, and averaged and assumed consistent for the duration of the simulation period.   

A daily record of dry weather flow can be garnered by observed flow at the Wardlow gage for the 

duration of the simulation period.  As described above the median non-storm flow in the Los Angeles 

River (203 cfs) as such the maximum value of non-storm flow considered in this research is 203 cfs 

(except in WY 2013 as detailed in Section 4.3.1).  Equation 4.1 is rearranged to solve for the QOR 

timeseries (Figure 4.12 Non-storm flow, WRF and outdoor residential flow for the simulation period). 

The concentration of three metals (cadmium is not included; it does not have a dry weather 

TMDL) discharging from the WRFs (CWRF) could only be obtained in the form of monthly averages from 

WY 2011 to WY 2013.  The monthly concentration was averaged and assumed consistent for all years in 

the simulation period.  The concentration of the three metals (Cdry) for the entire watershed is measured at 

the terminus of the watershed at the County’s MES near the Wardlow flow gage (F319), and accounts for 

all metal loading in the basin.  Ultimately the concentration for each metal from outdoor residential use 

(COR) is back-calculated (Equation 4.2), and assumed constant for the entire simulation period.   
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 Q ry = QWRF + QOR   (Equation 4.1) 

   Q ryC ry = QWRFCWRF + QORCOR  (Equation 4.2) 

 

To arrive at a single timeseries for concentration and flow for both wet and dry weather to input 

into SUSTAIN’s external model another equation is used (Equation 4.3)    
 QallCall = QORCOR +  Qw tCw t  (Equation 4.3) 

For Equation 4.3 QOR  and COR is calculated from Equation 4.1 & 4.2, and Qwet and Cwet are from the 

calibrated flow and concentration timeseries from wet weather storms. To ensure calculated concentration 

of the three metals (Call) is consistent with observed loads for wet and dry weather they are calibrated to 

samples collected by the County’s LACSWMP (Figure 4.15).  Figures illustrating other metals and their 

modeled and observed loads in Appendix-A (Appendix A-1 – Appendix A-6). 

Figure 4.12 Non-storm flow, WRF and outdoor residential 
flow for the simulation period 

Qdry 
QWRF 
QOR 
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The resulting Qall and Call timeseries contains wet and dry weather flow and loading in a single 

timeseries that is put into SUSTAIN’s external model so the effects of BMPs can be simulated.  

 

  

4.4. BMP Site Identification  

The most densely populated region of the LARB is the lower portion, consequently this is also 

the location of the greatest density of impervious surfaces and contamination.  For these reasons the lower 

LARB is ideal for implementing BMPs.  To understand quantitatively the options available for 

constructing BMPs the SCAG land-use raster is used.  The SCAG raster was grouped into 12 land-uses ( 

Table 4.2), those land-uses are further grouped to identify the land-uses which are most plausible 

as well as most effective locations for BMPs.  The 12 land-uses are amalgamated into four groupings 

based on their assumed BMP site plausibility and effectiveness.    

4.4.1. Four BMP Site Amalgamations 

As noted above the LARB is a diverse watershed with upper reaches dominated by chaparral 

forests and lower portions by a dense urban area containing portions of downtown Los Angeles.  

Although this project does not simulate BMPs on specific locations, it does identify the amount of total 

land plausible for BMP construction.  This ensures that the recommendations made by this research does 

not exceed the number of BMPs the region can feasibly implement.  The twelve SCAG land uses are used 

here to be further grouped by their plausibility to house BMPs into four BMP Site Amalgamations (Table 

4.15, Figure 4.14).  The first BMP Site Amalgamation contains two land-uses from the SCAG raster, 

Forest & Vacant.  The upper portion of the watershed is classified as Forest, as such it is not an ideal 

location for BMPs because the flow in this region is not as contaminated as the urban portions 

downstream, additionally this area is mostly National Forest and infeasible for BMP construction.  The 

(a)                (b) 

Figure 4.13 Observed & modeled loading for dry (zinc, a) and wet weather (copper, b)  
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second land-use in this amalgamation is Vacant which exists in the urban areas.  Vacant is paired with 

Forested land-use because it is equally unlikely for BMP construction because of the high cost associated 

with acquiring vacant lands.  Together, Vacant and Forested land-uses is the first of four BMP site 

amalgamations and is identified as ‘Undeveloped’.   

The next BMP site amalgamation is identified as ‘Urban Private’. Urban Private consists of 

Agriculture, Commercial, Industrial, Multi-Family Residential and Single-Family Residential land-uses.  

This land-use grouping is considered implausible for BMP construction because this land is generally 

held by private land-owners whom may not have interest in allocating valuable land or resources to 

construct BMPs, additionally the cost to acquire this land to construct BMPs is cost-prohibitive.  It is 

conceivable that BMP’s will be constructed on these land-uses, but this would require significant “buy-

in” from these stakeholders, or new policies that create significant incentives or impose fines on 

landowners.  The third BMP site amalgamation is Waterbodies, which is not be plausible for BMP 

construction.  The ‘Water’ land-use type is used to identify these parcels in SCAG. 

The final BMP site amalgamation is ‘Urban Public’ and is considered the most plausible for BMP 

construction.  This grouping consists of Education, Recreation, and Transportation from the SCAG raster.  

The Urban Public grouping is considered the most plausible because much of this land is generally 

publicly-owned, therefore it is assumed constructing BMPs on these parcels would face the least amount 

of resistance in terms of “buy-in” from stakeholders, and would not have to be acquired.  Education, 

Recreation, and Transportation land-uses are also distributed well throughout the river basin’s urban area, 

which is ideal in terms of constructing BMPs at many locations throughout the watershed.  
 

Table 4.15 BMP Amalgamations and their respective areas 

BMP Site 
Amalgamation 

Land Cover Type Area 
(mi2) 

Area of Site Amalgamation 
(mi2) 

Undeveloped 
 

Forest 317.6 334.8 
Vacant 17.2 

Urban Private 
 
 
 

Agriculture 5.6  
 

424.9 
 
 
 

Commercial 60.3 
Industrial 49.4 
Multi-Family 
Residential 

56.9 

Other 2.7 
Single-Family 
Residential 

250 

Waterbodies Water 10.8 10.8 

Urban Public 
 

Transportation 20.3  
59.3 Education 16.9 

Parks & Recreation 22.1 
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4.4.2. Quantifying area for BMP Construction  

The area of the three land-uses identified in the SCAG raster (Education, Recreation, and 

Transportation) as BMP-plausible are quantified with further assumptions about where different BMP 

types are likely able to be constructed. Regional BMPs (dry ponds & infiltration trenches) tend to serve 

larger catchments and therefore occupy larger footprints, for this reason regional BMPs are only 

considered on the Recreation land-use.  The two remaining land-uses are reserved for distributed BMPs 

(vegetated swales & bioretention).  Porous pavement is also a distributed BMP however it is unique in 

that it can only be implemented where there are paved surfaces (i.e. parking lots, driveways). Section 

4.4.2.4 details how the area available for porous pavement is quantified. 

4.4.2.1. Distributed BMPs on Transportation  

The primary function for roads is to transport vehicles and the inclusion of the Transportation 

land-use in the Urban Public amalgamation does not indicate paved roads are plausible locations for 

BMPs.  However, along the sides of roads, between sidewalks, is a very reasonable location for 

distributed BMPs.  The SCAG land use raster has a two-acre resolution, as such it is only able to capture 

major highways and interstates in the Transportation land-use.  To further inform the actual the footprint 

available for distributed BMPs alongside roads a digitized road map of all ‘primary’, ‘secondary’, and 

Figure 4.16 Land uses grouped to reflect BMP 
construction plausibility. Inset shows detail. 
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‘minor’ roads is imported in ArcMap and joined to the Transportation Land-use91.  Calculating a footprint 

for distributed BMPs is done by assuming for every length of road there is 2 feet of width available on 

both sides of the road for distributed BMPs. For example, a 10-foot length of road would have 20-square 

feet of vegetated swales on each side of the road.  An attempt was made to verify a 2-foot width 

assumption, however because of the wide variety of road types & shapes across the region no uniform, 

one-size-fits-all BMP width alongside roads was ascertained.  By using the total length of road in a 

subwatershed the footprint and number of distributed BMPs that can occupy the sides of roads can be 

calculated (Table 4.16). The area available for BMP construction in other land-uses in the Urban Public 

amalgamation is qualified in a similar way.  

Table 4.16 Length of road in each subwatershed and the corresponding number of distributed BMPs 

Subwatershed Length of Road (mi) Units of Vegetated Swale* Units of Bioretention* 
Burbank 277 2,343 1,845 
Compton 970 8,195 6,454 
Reach 1 143 1,204 948 
Reach 2 1,949 16,465 12,969 
Reach 3 779 6,581 5,184 
Reach 4 817 6,902 5,436 
Reach 5 1,772 14,970 11,791 
Rio Hondo 2,086 17,623 13,880 
Tujunga 1,133 9,572 7,539 
*Unit quantities derived from BMP dimensions (Table 4.8) 

  

4.4.2.2. Distributed BMPs on Education 

The two other land-uses in the Urban Public grouping are Education & Recreation and not 100% 

of these parcels are available for BMPs.  Schools have classrooms, and recreational areas have sidewalks.  

In order to garner a more informed sense of how much these parcels are available for BMPs, the percent 

perviousness of each of these land-uses is used to determine how much is available for construction.  For 

example, Education is 29% pervious, the product of the percent pervious and the total land-use area in the 

basin garners a more realistic number for the amount of area available for BMPs (Table 4.17).  

Table 4.17 Area of Education available in subwatersheds and the corresponding distributed BMPs 

Subwatershed Total Education 
area (mi2) 

Available Education 
area (mi2) 

Units of  
Vegetated Swale* 

Units of 
Bioretention* 

Burbank 0.24 0.07 776 1,834 
Compton 2.20 0.64 7,115 16,812 
Reach 1 0.20 0.06 647 1,528 
Reach 2 3.20 0.93 10,349 24,454 
Reach 3 0.92 0.27 2,975 7,031 
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Subwatershed Total Education 
area (mi2) 

Available Education 
area (mi2) 

Units of  
Vegetated Swale* 

Units of 
Bioretention* 

Reach 4 0.92 0.27 2,975 7,031 
Reach 5 3.80 1.10 12,290 29,039 
Rio Hondo 3.70 1.07 11,966 28,275 
Tujunga 1.60 0.46 5,175 12,227 
*Unit numbers derived from BMP dimensions (Table 4.8) 

 

4.4.2.3. Regional BMPs on Parks & Recreation  

The same approach applied to distributed BMPs on Education is the same approach applied to 

Regional BMPs (dry pond & infiltration trench) on the Parks and Recreation land-use.  Parks and 

Recreation is 85% pervious, the product of the percent pervious and the total land-use area in the basin 

provides a more realistic number for the amount of area available for BMPs in each subwatershed (Table 

4.18). 

 Table 4.18 Area of Parks & Recreation in subwatersheds and the corresponding Regional BMPs 

Subwatershed Total Parks & 
Recreation Area (mi2) 

Available Parks & 
Recreation area (mi2) 

Units of Dry 
Pond* 

Units of Infiltrated 
Trench* 

Burbank 0.15 0.13 5,266 878 
Compton 0.70 0.60 24,576 4,096 
Reach 1 0.20 0.17 7,022 1,170 
Reach 2 4.20 3.57 147,454 24,576 
Reach 3 2.10 1.79 73,727 12,288 
Reach 4 1.20 1.02 42,130 7,022 
Reach 5 2.60 2.21 91,281 15,214 
Rio Hondo 4.70 4.00 165,008 27,501 
Tujunga 0.76 0.65 26,682 4,447 
*Unit numbers derived from BMP dimensions (Table 4.8) 

 

4.4.2.4. Porous Pavement on Parking Lots 

Porous pavement is a unique BMP in that its location does not compete for space in Education, 

Recreation or Transportation land-uses like the other BMPs, rather it replaces traditional pavement.  

Because of its lack of normal strength, it is not currently strong enough to replace traditional pavement in 

high traffic, high volume transportation corridors, however it is plausible in low traffic parking lot 

locations85.  

Determining the appropriate units of porous pavement is done by utilizing the specific descriptors 

within the 12 land-uses in SCAG raster.  All land-use descriptions that include schools, governmental 

offices, or other public facilities (Table A-14) are assumed to be good candidates for porous pavement.  

Table 4.17 continued
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Porous pavement can and likely will being constructed in parking lots of other locations, but public 

buildings are chosen in this research so as to create a conservative estimate. 

Summing the area of the identified public facilities land can only offer the footprint of buildings, 

to estimate the area of parking lots that serve these facilities the City of Los Angeles Department of 

Building and Safety parking regulation show that every 500 ft2 of the identified facilities requires 1 

parking stall92.  The dimensions of a parking stall are assumed the regions standard: 18-feet deep and 8-

feet 4 inches wide93.  The resulting area of parking spaces can inform a conservative estimate of the 

footprint of porous pavement units can be constructed in a single subwatershed (Table 4.19). 

Table 4.19 Identified public buildings for porous pavement and the corresponding BMP units 

Subwatershed Identified Facilities 
(mi2) 

Identified Parking lot area 
(mi2) 

Units of Porous 
Pavement 

Burbank 0.60 0.18 2,706 
Compton 3.62 1.09 16,268 
Reach 1 5.81 0.04 612 
Reach 2 0.14 1.79 26,762 
Reach 3 5.95 0.37 5,591 
Reach 4 0.84 0.45 6,736 
Reach 5 1.50 1.56 23,386 
Rio Hondo 0.97 1.74 26,138 
Tujunga 2.57 0.78 11,624 

 

The above tables quantify the possible number of each BMP types are possible under the 

provided assumptions.  However, the total possible number of BMPs is not necessarily what the regions 

needs to meet compliance targets, however identifying the maximum number of BMPs for each type and 

land-use sets a ceiling for what this research considers plausible.   

Table 4.20 Summary table of the maximum number of BMPs possible in Urban Public 

Subwatershed Vegetated 
SwaleA 

Bioretention 
CellB 

Porous 
PavementC 

Dry 
PondD 

Infiltration 
TrenchC 

Burbank 3,119 7,039 2,706 5,266 878 
Compton 15,310 38,946 16,268 24,576 4,096 
Reach 1 1,851 6,956 612 7,022 1,170 
Reach 2 26,814 131,498 26,762 147,454 24,576 
Reach 3 9,556 59,252 5,591 73,727 12,288 
Reach 4 9,877 39,346 6,736 42,130 7,022 
Reach 5 27,259 99,068 23,386 91,281 15,214 
Rio Hondo 29,589 147,430 26,138 165,008 27,501 
Tujunga 14,746 36,789 11,624 26,682 4,447 

A- occupying Transportation corridors and Education Land-uses 
B-  occupying Transportation corridors, Education and Recreation Land-uses 
C- occupying parking spaces of identified public facilities  
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Subwatershed Vegetated 
SwaleA 

Bioretention 
CellB 

Porous 
PavementC 

Dry 
PondD 

Infiltration 
TrenchC 

D- occupying Recreation Land-uses 
 

The number of assumptions made for the available land in the Urban Public grouping 

(Transportation, Education and Parks & Recreation) is reflected in Table 4.21. 

Table 4.21 Area available for BMP construction in the Urban Public grouping 

BMP Site 
Amalgamation 

Land Cover Type BMP Appropriate 
Area (mi2) 

Total BMP Appropriate 
Area (mi2) 

Urban Public 
 

Transportation 7.52  
 

34.49 Education 4.87 
Parks & Recreation 14.12 
Parking lots 7.99 

 

4.5. 85th Percentile Storm 

The Municipal Separate Storm Sewer System (MS4) permit (Order #R4-2012-0175)94 for 

discharges within the coastal watersheds of Los Angeles County specifies that permittees are able comply 

with water quality standards by one of two options.  The first option to experience zero water quality 

exceedances in receiving waterbodies. In other words, to have the actual loads not exceed the established 

TMDLs.  The second option, which was created because the first option is extremely difficult and 

possible unreasonable to achieve.  In lieu of attempting to obtain zero water quality exceedances the 

alternative is to capture the 85th percentile, 24-hour storm event within a permittee’s jurisdiction area 

(Figure 4.17).  In taking this option, which many municipalities have in the region, they are required to 

create Watershed Management Programs (WMP) that explicate a Reasonable Assurance Analysis that can 

sufficiently demonstrate the entity is capable of retaining all non-storm water runoff and all stormwater 

runoff from the 85th percentile, 24-hour storm.  Capturing this volume of water is also very challenging 

and requires a region to construct a large sum of stormwater BMPs.  Because effectively all 

municipalities are taking 85th percentile storm option all of the compliance options presented here comply 

with the MS4 permit by capturing the 85th% storm volume from all of impaired waterbodies (10,396 acre 

feet, Table 4.22), in this way each impaired waterbody is in compliance by capturing the 85th% storm.   

Values for the 85th percentile storm for each subwatershed are garnered from an LAC contour 

map illustrating the location and depth of 85th percentile storm over the county95.  This image is uploaded 

and georeferenced in ArcMap so that the subwatershed boundaries are overlain and the 85th percentile 

depth can be calculated.  A volume for the 85th percentile storm is calculated by using the resulting 

weighted average depth (D) and multiplying it to the area of the subwatershed (A) and by the runoff ratio 

Table 4.20 continued
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(RoR) calculated for this time period, a value of 0.36 (Appendix for calculation).  The resulting volume of 

stormwater runoff is the expected runoff that BMPs must capture (Equation 4.4). 5th% Storm Volume =  D x A x RoR   Equation 4.4 

The resulting volume required for capture in each subwatershed informs this research of the 

number of BMPs (with their dimensions) required to meet compliance.  Section 4.7 describes six BMP 

Compliance Options that capture this volume, but each with a unique composition of BMPs, thus each 

option offers compliance but with a distinct blend of ancillary benefits to meet the regions various needs. 

 

 

 

 

 

 

Figure 4.17 Contours of 85th% storm depth over the LARB’s 
watersheds 
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Table 4.22 Volume for each subwatershed's 85th Percentile Storm 

Impaired Watershed Area (mi2) 85th% Storm Depth (in.) 85th% Storm Volume (AF) 
Burbank  27 1.05 544.0 
Compton Creek 42 0.89 717.0 
LAR Reach 1 6 0.95 109.4 
LAR Reach 2* 122 0.99 850.7 
LAR Reach 3* 57.4 1.00 900.8 
LAR Reach 4 47 0.95 854.0 
LAR Reach 5 153.2 0.98 2,890.1 
Rio Hondo* 146 0.99 2,422.8 
Tujunga Wash* 230 1.14 1,083.1 
* subwatershed contains National Forest land which is not the responsibility of MS4 municipalities to 
capture, that volume is not counted in the subwatershed’s 85th% volume 

 

4.6. Simulating BMPs – Multi-Objective Optimization  

As explained in Section 2.5.1, SUSTAIN is capable of running an NSGA-II optimization that 

simulates thousands of BMPs within a specified range, and with multiple objectives.  The multiple 

objectives utilized in this research are load reduction and cost.   

In this research five BMPs are chosen for simulation, and six optimizations are run to contrast the 

quantitative performance of each.  For each optimization every BMP type captures the same volume (i.e. 

they each capture 20% of the specified volume) of stormwater.  In this way no BMP type is prioritized, 

however to discern which BMP types perform better six optimization runs are executed.  The first 

optimization utilizes all modeled BMPs, and the other five contain only four BMPs which are varied in 

each optimization (Table 4.23).  

Table 4.23 Six optimization simulations and the BMPs they include 

Optimization 
Name 

Bioretention 
Cell 

Vegetated  
Swale 

Porous  
Pavement 

Infiltration  
Trench 

Dry  
Pond 

A (all BMPs) X X X X X 
B (no IT) X X X  X 
C (no PP) X X  X X 
D (no VS) X  X X X 
E (no BR)  X X X X 

F (DP) X X X X  
 

All optimization executed in this research are bounded by a minimum and maximum number of 

BMPs.  The minimum bound is sufficient to capture 75% of the 85% storm volume, while the maximum 

was enough storage to capture 150% of the 85% storm volume in each subwatershed.  The bounds are 

chosen such that SUSTAIN is optimizing within a fairly narrow range of volume near the actual volume 

of stormwater necessary to capture the 85th percentile storm and comply with the region’s MS4 permit.  
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Between the high and low bounds are ten evenly distributed discrete steps with which SUSTAIN 

simulates the next optimization (Table 4.24). 

Table 4.24 High, and low bounds, and steps for the optimization simulations 

 Percent Capture of the 85% storm 
Lower 
Bound 

Step 1 Step 2 Step 3 Step 4 Step 5 Step 6 Step 7 Step 8 Step 9 Upper 
Bound 

75 82.5 90 97.5 105 112.5 120 127.5 135 142.5 150 
   

The results of each optimization illustrates the cost and pollutant removal efficacy of each 

iteration.  Collectively these iterations create a plot that can highlight the simulation with the greatest 

pollutant removal and lowest cost.  The target removal for all optimizations is 50-70% of the total zinc 

loading.  Zinc is chosen because it is observed in the highest loads in this region, and it is shown to be the 

limiting pollutant in this research as well as other research96 in the LA region.   The solutions from each 

optimization elucidate which BMP simulations have better pollutant removal performance and at what 

cost (Figure 4.18). 

 

The bottom-left corner of Figure 4.18 is an area with low cost and high pollutant removal 

performance.  The optimizations in this region (no PP, no BR, no DP) are high performing simulations 

indicating that the exclusion of porous pavement, bioretention, and dry ponds offer a better performing 

simulation.  Similarly, the poor performers in the top-right corner (no VS, no IT) indicate that when 

vegetated swales and infiltrated trenches are not included, the performance of the simulation decreases 

Figure 4.18 Comparison of performance and cost from the six optimizations 
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and their cost is relatively higher.  Lastly the all BMPs approach shows that when all BMPs are included 

in a single optimization they pollutant removal performance is mediocre and expensive.  Results from this 

optimization show that the use of all BMPs does not give the desired effect, therefore a selected variety of 

BMP types will be chosen as Compliance Options 

All of the above results shows that from a pollutant removal and cost perspective vegetated 

swales and infiltration trenches are the best options.  However, there are other factors to consider, such as 

infiltration capacity, footprint, and peak flow reduction.  The following section describes the six 

Compliance Options chosen to meet these various benefits.  

4.7. Simulating BMPs – Discrete Simulations 

As stated above, six BMP Compliance Options are created for the LARB.  The distinction 

between these scenarios is the type and number of BMPs simulated, therefore each scenario reduces 

pollutant loads, infiltrates groundwater, costs, and occupies different land-uses uniquely from one 

another, but all equally comply with the “85th%” provision of the MS4 permit.  The objective for these six 

options is to provide an array of benefits, in turn allowing policy-makers seeking to make the difficult 

choice of how to implement BMPs can not only comply with the MS4 permit by capturing the 85th 

percentile storm but also increase ancillary benefits that fits the regions current and long-term needs. 

The six Compliance Options consist of three scenarios (1a, 2a, 3a), each of which is varied by the 

addition of another BMP, porous pavement, to the simulation (1b, 2b, 3b - Table 4.25).  The emphasis 

and addition of porous pavement is because of its unique ability to replace existing infrastructure.  Porous 

pavement does not compete with parks, schools, etc. to be implemented, instead it takes the place of 

traditional pavement, which is ubiquitous in urban Los Angeles.  From this perspective porous pavement 

is ideal in a dense urban area that is constrained by the amount of “free” space available to capture 

stormwater.   

Table 4.25 BMP types chosen for the six identified BMP Compliance Options 

Compliance 
Option 

Bioretention Vegetated 
Swale 

Porous 
Pavement 

Infiltration 
Trench 

Dry Pond 

1a X     
1b X  X   
2a  X   X 
2b  X X  X 
3a  X  X  
3b  X X X  
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4.7.1.1. Compliance Option 1a 

The BMP Site Identification section above details the assumption that BMPs have the highest 

probability of construction on Education, Transportation and Recreational land-uses.  Because the LA 

region is dense with existing infrastructure (i.e. roads, homes, buildings, etc.) and there is not an 

abundance of room for new BMP projects, the distributed BMP with the greatest depth (1.5’) and 

therefore smallest footprint (Bioretention, Table 4.8) is selected as the route for compliance in this option.  

Regional BMPs have a greater depth (5’) however they generally require large footprints of land.  This 

option utilizes bioretention cells because it can be placed in a more distributed fashion across the river 

basin in smaller footprints.  This scenario has 286,003 bioretention units across the entire basin to capture 

the 85th% storm and would cost $6.6 billion (Table 4.26). 

Table 4.26 BMP units required to capture the 85th% storm in Option 1a 

Impaired Watershed Bioretention (BMP units) Total Cost (Millions $) 
Burbank 14,966 347 
Compton 19,724 457 
Reach 1 3,011 70 
Reach 2 23,405 542 
Reach 3 24,782 574 
Reach 4 23,494 544 
Reach 5 79,509 1,842 
Rio Hondo 66,665 1,545 
Tujunga 29,796 690 
                                                                                         Total:      $ 6,612   

 

4.7.1.2. Compliance Option 1b 

Compliance Option 1b is the same as 1a but adds porous pavement.  Deciding the appropriate units 

of porous pavement is done by use of the SCAG raster (Section 4.4.2.4).  The remaining volume of 

stormwater not captured by porous pavement is captured by bioretention cells.  Because the area of 

identified parking lots in each subwatershed varies, the amount of volume porous pavement collectively 

captures in each subwatershed will commensurately vary.  This scenario has 112,986 porous pavement 

units and 152,926 bioretention units across the entire basin and would cost $6.8 billion (Table 4.27). 
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Table 4.27 BMP units required to capture the 85th% storm in Option 1b 

Impaired 
Watershed 

Porous Pavement 
(BMP units) 

Percent Capture by 
Porous Pavement 

Bioretention  
(BMP units) 

Total Cost  
(Millions $) 

Burbank 2,706 21% 11,760 351 
Compton 16,268 97% 613 489 
Reach 1 612 24% 2,287 71 
Reach 2 19,924 100% 0 581 
Reach 3 5,591 27% 18,172 584 
Reach 4 6,736 34% 15,546 556 
Reach 5 23,386 35% 51,918 1,885 
Rio Hondo 26,138 46% 36,526 1,609 
Tujunga 11,624 46% 16,104 712 
                                                                                                                                Total:     $ 6,840 

 

4.7.1.3. Compliance Option 2a 

Compliance Options 1a and 1b offer the most minimal footprint of any of the distributed BMPs in 

this research, but this comes with a significant price and only modest pollutant removal (as shown later).  

Vegetated swales can be placed in similar locations as bioretention but their cost is significantly less and 

with markedly better pollutant removal, therefore vegetated swales are chosen as the distributed BMP of 

choice for the remaining Compliance Options (2a, 2b, 3a, and 3b).  To further reduce cost, the remaining 

Options will also utilize regional BMPs on Recreation Land uses.  

In this research vegetated swales are identified as greater priority than regional BMPs because 

they occupy smaller parcels (e.g. alongside roads, lining parking lots, etc.) therefore may be easier (i.e. 

more plausible) to integrate into the existing urban infrastructure.  In all subwatersheds the volume of 

stormwater captured by the maximum number of vegetated swales (Table 4.20) is not sufficient to capture 

the 85th% storm for each subwatershed, therefore dry ponds are used to collect the remaining stormwater 

water.  Dry ponds are the regional BMP of choice from an exceedance-perspective because they treat-

and-release stormwater after it has been held for a sufficient duration of time, which helps keep dry 

weather TMDL exceedances minimal (explained further in Section 6.2).  Additionally, there are concerns 

regarding minimum/low flows in the LAR for recreational use, success of biota and to maintain the river 

and its tributaries’ status as Waters of the US under the CWA and Clean Water Rule (CWR).  Dry pond’s 

capability to return stormwater to the stream after passive treatment bears in mind these concerns. This 

scenario has 138,126 vegetated swale units and 83,019 dry pond units across the entire basin and would 

cost approximately 3.8 billion (Table 4.28). 
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Table 4.28 BMP units required to capture the 85th% storm in Option 2a 

Impaired 
Watershed 

Vegetated Swales 
(BMP units) 

Percent Capture by 
Vegetated Swales 

Dry Ponds 
(BMP units) 

Total Cost  
(Millions $) 

Burbank 3,119 16% 5,866 156 
Compton 15,315 61% 3,581 426 
Reach 1 1,851 49% 727 68 
Reach 2 26,814 90% 1,049 553 
Reach 3 9,556 30% 8,087 1,327 
Reach 4 9,877 33% 7,364 146 
Reach 5 27,259 27% 27,205 540 
Rio Hondo 29,589 35% 20,622 409 
Tujunga 14,746 39% 8,517 169 

                                                                                                             Total:      $ 3,795 
 

4.7.1.4. Compliance Option 2b 

Similar to Compliance Option 1b, Compliance Option 2b has 112,986 porous pavement units 

added to each subwatershed proportionately.  The remaining volume of the 85% storm not filled up by 

porous pavement is then filled by vegetated swales on Transportation and Education land-uses, the 

remaining volume of the 85% storm is captured by dry ponds on Recreational land-uses. This scenario 

has 112,986 porous pavement units, 96,776 vegetated swales and 36,066 dry ponds across the entire basin 

and would cost approximately 5.2 billion (Table 4.29).   

Table 4.29 BMP units required to capture the 85th% storm in Option 2b 

Impaired 
Watershed 

Porous Pavement 
(BMP units) 

Vegetated Swales 
(BMP units) 

Dry Ponds 
(BMP units) 

Total Cost  
(Millions $) 

Burbank 2,706 3,119 4,375 205 
Compton 16,268 779 0 485 
Reach 1 612 1,851 390 49 
Reach 2 19,924 0 0 581 
Reach 3 5,591 9,556 5,006 383 
Reach 4 6,736 9,877 3,652 393 
Reach 5 23,386 27,259 14,317 1,310 
Rio Hondo 26,138 29,589 6,217 1,259 
Tujunga 11,624 14,746 2,111 567 

                                                                                                          Total:       $ 5,231    
  

4.7.1.5. Compliance Option 3a 

Compliance Options 2a and 3a are the same in that they both employ the same number of 

vegetated swales on Transportation and Education land-uses, however Compliance Option 3a is different 

in that infiltration trenches are used to capture the remaining 85th percentile volume on Recreation land-
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uses instead of dry ponds.  Infiltration trenches are the regional BMP of choice for Option 3a/3b because 

they have good pollutant removal performance and a high infiltrative capacity.  This is in contrast to 

Option 2a/2b which uses dry ponds that have more modest pollutant removal and do not infiltrate 

stormwater. This scenario has 138,126 vegetated swales and 13,836 infiltration trenches across the entire 

basin and would cost 3.8 billion (Table 4.30). 

Table 4.30  BMP units required to capture the 85th% storm in Option 3a 

Impaired 
Watershed 

Vegetated Swales 
(BMP units) 

Percent Capture by 
Vegetated Swale 

Infiltration Trenches 
(BMP units) 

Total Cost  
(Millions $) 

Burbank 3,119 16% 978 159 
Compton 15,315 61% 597 428 
Reach 1 1,851 49% 121 69 
Reach 2 26,814 90% 175 553 
Reach 3 9,556 30% 1,348 1,331 
Reach 4 9,877 33% 1,227 150 
Reach 5 27,259 27% 4,534 554 
Rio Hondo 29,589 35% 3,437 420 
Tujunga 14,746 39% 1,420 173 

                                                                                                                   Total:        $ 3,837  
 

4.7.1.6. Compliance Option 3b 

Compliance Option 3b is identical to Scenario 2b with the same number of vegetated swales on 

Transportation & Education LUs, and units of porous pavement, however infiltration trenches replace dry 

ponds (Table 4.31).  This scenario has 112,986 porous pavement units, 96,776 vegetated swales and 6,011 

infiltration trenches across the entire basin and would cost 4.7 billion. 

Table 4.31 BMP units required to capture the 85th% storm in Option 3b 

Impaired 
Watershed 

Porous Pavement 
(BMP units) 

Vegetated 
Swales 

(BMP units) 

Infiltration 
Trenches 

(BMP units) 

Total Cost  
(Millions $) 

Burbank 2,706 3,119 729 207 
Compton 16,268 779 0 484 
Reach 1 612 1,851 65 49 
Reach 2 19,924 0 0 581 
Reach 3 5,591 9,556 834 385 
Reach 4 6,736 9,877 609 395 
Reach 5 23,386 27,259 2,386 1,317 
Rio Hondo 26,138 29,589 1,036 1,262 
Tujunga 11,624 14,746 352 568 

                                                                                                               Total:       $ 5,249 
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4.7.1.7. Stormwater Routing 

In addition to inputting the number of BMPs in each subwatershed, SUSTAIN also needs to be 

informed of what percent of stormwater is routed to each BMP type.  All Compliance Options (except 1a) 

have two or three types of BMPs that work in tandem to capture the volume of the 85%-storm.  

Quantifying the appropriate percent of routing is determined by the amount of volume the BMP types can 

capture in each particular subwatershed.  For example, Compton in Compliance Option 2a contains 

15,315 vegetated swales and 3,581 dry ponds.  In this subwatershed vegetated swales can hold 61% of the 

85th% percentile storm while dry ponds capture the remaining 39%.  Runoff from all land-uses in the 

subwatersheds is routed commensurately to these BMPs (61% to vegetated swales, 39% to dry ponds), 

this approach ensures that the volume of stormwater is appropriated to the correct volume of BMP 

capacity (Table 4.32, Table 4.33, Table 4.34).  The two exceptions to the above rule is (1) when a portion 

of the subwatershed is National Forest Land as it is in Burbank, Reach 2, Reach 3, and Tujunga (Figure 

4.17), stormwater from this portion of the subwatersheds is not the responsibility of the MS4 permittees 

and is directed to the channel downstream.  The second exception is (2) for the stormwater that ‘falls’ on 

the Waterbodies land-use amalgamation.  This stormwater is unable to be directed to a BMP because it is 

already in-channel and is consequently directed downstream to the ocean. 
 

Table 4.32 Stormwater diverted to bioretention and porous pavement in Option 1b 

Impaired 
Watershed 

Volume held by 
Bioretention 

Volume held by  
Porous Pavement 

Burbank 21% 79% 
Compton 97% 3% 
Reach 1 24% 76% 
Reach 2 100% 0% 
Reach 3 26% 74% 
Reach 4 34% 66% 
Reach 5 35% 65% 
Rio Hondo 46% 54% 
Tujunga 46% 54% 

 

Table 4.33 Stormwater diverted to vegetated swales and regional BMPs in Option 2a and 3a 

Impaired 
Watershed 

Volume held by 
Vegetated Swales 

Volume held by  
Dry Ponds/Infiltration Trenches 

Burbank 16% 84% 
Compton 61% 39% 
Reach 1 49% 51% 
Reach 2 90% 10% 
Reach 3 30% 70% 
Reach 4 33% 67% 
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Impaired 
Watershed 

Volume held by 
Vegetated Swales 

Volume held by  
Dry Ponds/Infiltration Trenches 

Reach 5 27% 73% 
Rio Hondo 35% 65% 
Tujunga 39% 61% 

 

Table 4.34 Stormwater diverted to porous pavement, vegetated swales & infiltration trenches in 2b, 3b 

Impaired 
Watershed 

Volume held by 
Porous Pavement 

Volume held by 
Vegetated Swales 

Volume held by  
Dry Ponds/Infiltration Trenches 

Burbank 22% 16% 62% 
Compton 97% 3% 0% 
Reach 1 24% 49% 27% 
Reach 2 100% 0% 0% 
Reach 3 26% 31% 43% 
Reach 4 30% 37% 33% 
Reach 5 35% 27% 38% 
Rio Hondo 45% 35% 20% 
Tujunga 46% 39% 15% 

  

Table 4.33 continued
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CHAPTER 5 RESULTS 

The current section illustrates the results from the six Compliance Options.  Each Option is 

assessed for its ability to improve water quality and ancillary benefits, as well as their effect on the 

watershed’s flow regime.    

5.1. Water Quality and Ancillary Benefits 

The quantitative capacity for each of the Compliance Options to improve water quality and 

quantify ancillary benefits is illustrated in the current section.  Each BMP option has a unique cost, 

pollutant removal performance, infiltrative capacity, footprint and so forth.  Additionally, nine 

waterbodies are assessed for their ability to meet water quality targets (TMDLs) in dry weather and wet 

weather for as many as three metals.  Because there are so many aspects to consider when investigating 

compliance and ancillary benefits, a color-coded decision matrix is utilized as a tool to help discern which 

Compliance Options meet different benefits relative to others (Figure 5.2). 

 

The decision matrix above shows a number of metrics (1st column) where each of the Compliance 

Options are quantitatively compared.  The second column highlights the baseline situation and all 

Compliance Options are shown in the remaining columns on the right.  Each Compliance Option captures 

the same volume of stormwater (10,396 AF) and thus all equally comply with the 85th%-stipulation in the 

MS4 permit, however the matrix shows a vast difference in benefits and costs.  To further clarify, each 

individual row displays quantitatively how all of the Compliance Options perform considering one 

metric.  Color-coding is completed with the Conditional Formatting tool within Microsoft Excel.  The 

default color settings where used, where the lowest value in each row is red, the highest value green (or 

Figure 5.2 Color-coded decision matrix for the six Compliance Options 

Baseline 
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vice-versa depending on whether the highest value is good or bad), and the median value yellow.  All 

other entries are colored proportionally.   

For the dry weather exceedances per year metric, those rows show the sum of all of the dry 

weather exceedances for either copper or lead for all 9 impaired waterbodies.  More specific details, such 

as how many exceedances per impaired waterbody, and percent pollutant removal for each metal are 

illustrated in the appendix (Table A-9 through Table A-13).  Figure 5.1 clearly illustrates that each Option 

has a unique blend of red, yellow and green cells in their column, indicating that each option has a distinct 

array of benefits. The water quality and ancillary benefits results will be expounded upon in the 

Discussion Section (Section 6). 

5.2. Flow Regime Change 

In addition to quantifying ancillary benefits between Compliance Options, the effect of BMPs on 

the flow regime in the basin is also assessed.  Each Compliance Option removes stormwater from the 

system by evapotranspiration or infiltration, each by varying degrees.  The reduction of in-channel flows 

can have a number of unintended consequences, such as reducing the opportunity for recreation, as well 

as increasing the concentration of pollutants not entrained in simulated BMPs.  Additionally, under 

current Federal regulations the main stem of the LAR is protected under the CWA97, however the more 

recent Clean Water Rule (CWR), whose purpose was to clarify which waterways and wetlands qualify for 

federal protections98, has created confusion over which tributaries in the country, as well as in the LARB, 

garner Federal protection because of vague language within the law.  The Discussion Section (Section 6) 

will further elucidate potential impacts of the changing flow regime from a Federal regulatory perspective 

5.2.1. Runoff Ratio 

The last century experienced unprecedented growth in the urban population in the Los Angeles7 

region, as well a commensurate growth in impervious surfaces to house this large urban region.  As the 

percent imperviousness in the region has climbed, so too has its impact on the hydrologic landscape.  As 

impervious surfaces replace undeveloped, more pervious surfaces, stormwater has less opportunity to 

infiltrate or evapotranspire.  Instead, stormwater washes off surfaces and can lead to increased flood risk.  

The Los Angeles region recognized this risk in the early 20th century after a series of devastating floods99.  

With federal aid, the region built hundreds of flood control measure to ensure stormwater could be 

expedited as quickly and efficiently as possible downstream to mitigate flood risk99. 

The current research evaluates the potential implementation of numerous stormwater BMPs in the 

LARB with the capacity to capture approximately 10,000 AF.  This implementation would dramatically 

alter the hydrologic landscape in this area.  Results in this section contain a quantitative analysis of the 

runoff ratio of the LARB over the last several decades, as well as a comparison of how each of the 6 
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proposed BMP Compliance Options affect the runoff ratio of the simulated period (WY 2004-WY2013).  

The same precipitation gages and flow gage (Wardlow, F319) used in the hydrologic modeling was used 

to calculate historic runoff ratio for the entire LARB (Figure 5.2).  The flow component of the runoff ratio 

was mainly comprised of the annual volume measured at the Wardlow Gage, however, just as in the 

hydrologic modeling a number of other components are considered.  The spreading grounds, WRFs, 

dams, and diversion channel add or divert flow from the basin and is quantitatively accounted for (Table 

A-7) to provide an “adjusted” flow for the runoff ratio.  The historic runoff ratio is calculated with this 

adjusted flow volume. 

Figure 5.2 illustrates a clear upward trend in runoff ratio since record keeping began, likely due to 

increasing impervious area and increasing use of imported water for irrigation.  In addition to quantifying 

the historic runoff ratios, there is a need to understand how the proposed BMPs can impact flow and the 

runoff ratio (Figure 5.4).  The results in Figure 5.4 illustrate the decadal averages from the historic runoff 

ratio on the left-hand side but also the effect of BMPs over the 10-year simulation period.  Results show a 

dramatic decrease in flow at the outlet.  Compliance Option 2a, shows the highest runoff ratio, which can 

be attributed to its use of dry ponds which treat-and-release stormwater back to the channel.  Also all of 

the “b” Options, which contain porous pavement, have a reduced runoff ratio, indicating porous 

pavement’s capacity to infiltrate more stormwater than other BMPs.  Regardless of which Compliance 

Option is chosen (exception: 2a), runoff ratios fall below recorded values and represent an unprecedented 

level of flow to precipitation ratio in the LARB since observation began.  The potential impacts of such a 

dramatic change in the hydrologic landscape is further dissected in the Discussion Section. 

Figure 5.3 Historic Runoff Ratio for the LARB 
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Figure 5.4 Historic runoff ratio compared to that of 
Compliance Option's runoff ratios 
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CHAPTER 6 DISCUSSION 

The six Compliance Options have an array of costs, benefits and impact on the hydrologic flow 

regime in the watershed.  Each Option offers a unique blend of benefits, however, the benefits and cost 

trade-offs from one Option may outweigh those of another.  The current section fully develops which 

Options provide the best balance of costs and benefits, and why. 

6.1. Water Quality & Ancillary Benefits 

Figure 5.2 offers a great illustration of which Compliance Options perform best relative to one 

another in regards to each benefit.  Broadly, a visible patter between the Options with porous pavement 

(1b, 2b, 2c) can be observed than those options without (1a, 2a, 3a).  Water quality for Options with 

porous pavement is reduced (i.e. more exceedances).  This was seen in the optimizations figure (Figure 

4.18) where the BMP simulation that performed the best (lowest cost and highest zinc removal) was “no 

PP”, the simulation without porous pavement.  Although water quality was relatively worse in 1b, 2b, 3b, 

the volume of water infiltrated was increased and the BMP footprint reduced.  These are important 

ancillary benefits to consider in a semi-arid region that is very dependent on imported water and a 

metropolitan area that is already highly developed.  Lastly the Options that contained porous pavement 

are much more expensive.  For municipalities that are looking at their budgets to guide their compliance 

decisions, porous pavement may not yield the correct balance in terms of improved water quality, cost, 

BMP footprint, and infiltration. 

The highest performing options in terms of volume of stormwater infiltrated is 3a and 3b (VS+IT 

and VS+IT+PP, respectively).  These simulations were expected to do well in this regard because 

infiltration trenches have a large capacity to infiltrate stormwater, as does porous pavement.  However, 

the relative difference in volume infiltrated between 3a and 3b is fairly insignificant and the costs 

difference is several billions of dollars, therefore Option 3a offers a more affordable mean to infiltrate 

relatively large volumes of stormwater.  Admittedly this research only offers the volume of infiltrated 

stormwater, which is not necessarily the volume of water that will reach groundwater aquifers and can be 

drawn from wells for future use.  Explicitly placing BMPs, like infiltration trenches, in the watershed and 

assessing their placement over pervious soils that have connectivity to aquifers is required to quantify the 

volume of stormwater that could potentially be available for municipalities.  This research does not 

specify locations for its BMPs therefore there is no explicit volume for how much infiltrated stormwater 

will be available in groundwater aquifers.  

The Compliance Option with the smallest footprint (1b, BR+PP) also has the highest cost, modest 

pollutant removal performance, and infiltration.  This composition of BMPs would only be viable for a 

municipality that has an extremely minimal area for BMP implementation. Option 1a (BR) has the 
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smallest footprint of all the Options without porous pavement.  This Option is only slightly less 

expensive, performs marginally better in terms of TMDL exceedances, but infiltrates less water. Neither 

Option 1a nor 1b offer a good balance of benefits and costs relative to the other scenarios, unless area 

available for BMP construction is the leasing consideration. 

The best performing Option in terms of exceedance reduction is 2a, (VS+DP), which also is one 

of the least expensive, however it is the worst performer in terms of infiltrating stormwater.  Option 2a 

can be compared to its counterpart (2b, VS+DP+PP) which has significantly greater cost, number of 

exceedances, and still infiltrates relatively little stormwater relative to other Options.  Option 2a, would 

only be ideal for municipalities looking for an inexpensive way to reduce exceedances to the most 

minimum value.  Option 2b is the least optimal balance of cost and benefits of the scenarios tested, and is 

not recommended as a pathway for compliance.   

Of all of the Options detailed above, 2a and 3a are the least expensive pathways for capturing the 

85th% storm, and have either the smallest number of exceedances or nearly the greatest volume of 

stormwater infiltrated and peak flow reduction.  Section 6.2 will explain how Option 2a’s least-number of 

dry weather exceedances is misleading and how 3a actually has greater water quality performance.  

Additionally, Option 3a infiltrates nearly the greatest volume of stormwater, and therefore strikes the 

appropriate balance of minimal cost, improved water quality and infiltration. 

6.2. Wet Weather-Dry Weather Transition 

The definition of a dry weather and a wet weather day used in this research is detailed in the Los 

Angeles River TMDL documentation, which states: any day whose maximum flow at the Wardlow Gage 

exceeds 500 cfs is a wet weather day, all others are dry weather days34.  Over the 10-year simulation 

period there are 32 modeled wet weather days per year (on average, under current hydrologic and 

landscape conditions).  When BMPs are simulated, the number of wet weather days dramatically 

decreases to as little as four (Option 3a) or as much as fifteen per year (Option 2a).  This reduction is 

critically important because of how dry weather and wet weather TMDLs are calculated differently in this 

watershed. 

Dry weather TMDLs are fixed for each subwatershed, while wet weather TMDLs are unique in 

that the allowable metal load that can be discharged, increases commensurately as the volume of water 

increases (Table 3.2).  There is only one location in the river basin where wet and dry weather TMDLs 

are assessed in the same place, the end of Reach 1, the watershed terminus.  For this reason, the following 

example will focus on the loads discharging from Reach 1.  For Reach 1 the dry weather TMDL for 

copper is approximately 0.55 kg/day.  The wet weather TMDL for copper (kg/day) at this location is the 
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product of the daily storm volume (Liters/day), the wet weather numeric target (17 ug/L) and the 

approved WER (3.97, Equation 5.1). 
  Daily Storm Volume x WER x 1 = Wet weather TMDL  (Equation 5.1) 

 

A review of the wet and dry weather modeled exceedances revealed a gap in how dry and wet 

weather days are considered.  An example from observed data explicates this gap (Table 6.2).  First, 

consider Table 6.1 which shows observed copper on December 20th, 2001, a wet weather day, and its 

corresponding flow and load.  This example shows the wet weather day as in compliance (not exceeding 

TMDLs).  When this day (or any wet weather day with similar attributes) is simulated with BMPs, the 

once compliant wet weather day can transition into an exceeding dry weather day.   

Table 6.1 Observed complying wet weather day in the LARB 

Date 
(observed) 

Constituent Concentration 
(ug/L) 

Flow 
(cfs) 

Volume 
(L/day) 

Load 
(kg/day) 

TMDL 
(kg/day) 

12/20/2001 Copper 15.7 1,360 3.3x109 52.2 222.2 
 

  Compliance Option 3a (VS+IT) has the greatest percent reduction of copper load (74%, Table A-

11) and nearly the greatest overall reduction in volume (64%, Table A-15).  When the observed day is 

simulated and the average percent removal and reduction applied, the result is a dry weather day that 

exceeds dry weather TMDLs (Table 6.2).  

Table 6.2 Observed and modeled wet weather day illustrating the wet/dry weather transition 

Date Constituent Concentration 
(ug/L) 

Flow 
(cfs) 

Volume 
(L/day) 

Load 
(kg/day) 

TMDL 
(kg/day) 

12/20/2001 
(observed) 

Copper 15.7 1,360 3.3x109 52.2 222.2 

12/20/2001 
(modeled) 

Copper 11.4 490 1.2x109 13.6 0.55 

 

The results from Table 6.2 clearly show how a complying wet weather day, transitioning to a dry weather 

day after BMP implementation, is challenged to meet dry weather TMDLs.  When deciding which 

Compliance Option, between 2a and 3a, is better from a pollutant removal perspective the number of wet 

weather days is important.  Option 3a has eleven more wet weather days, and therefore eleven more 

opportunities for complying wet weather days to transition to TMDL-exceeding dry weather days in each 

of the nine impaired reaches, ultimately 99 more opportunities for dry weather exceedances to occur 

across the basin.  The actual difference in dry weather exceedances between 2a and 3a for copper across 

the basin is 19, which shows 3a has more exceedances in dry weather however it has far more 
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opportunities for exceedances.  The better pollutant removal performance of 3a is further confirmed by its 

markedly improved overall percent load reduction in wet and dry weather (Table A-8 and 

Table A-11).  For this reason, this research asserts that Compliance Option 3a is the most optimal in terms 

of balancing infiltration, load reduction, cost and other ancillary benefits. 

6.3. Federal Water Quality Protections Implications 

The reduction of flow in-channel can have a number of unintended consequences, such as calling 

in to question the federally protected status of upstream tributaries in the LARB.  Currently, Federal water 

quality regulations have specifically identified the main stem of the LAR as protected under the CWA97.  

The Clean Water Rule (CWR), whose purpose is to clarify which waterways and wetlands qualified for 

federal protections98, has created confusion over which tributaries in the country, as well as in the LARB, 

qualify for protection because of vague language within the law. 

The CWR defines a tributary as having “water features with bed, banks and ordinary high water 

mark, and flow downstream”98, and in the case of highly developed urban systems, the concrete-lined 

channels can sufficiently behave as the bed and bank.  Tributaries garner Federal water quality protections 

under the CWR, however, the CWR also defines exceptions for a tributary, which do not receive 

protections.  The confusion and potential for litigation lies in the verbiage that defines those exceptions.  

The primary exception for tributaries with regard to stormwater are “stormwater controls constructed to 

convey, treat, or store stormwater that are created in dry land”98.  According to a former EPA attorney 

confusion lies with how the upstream tributaries and municipal storm sewer system will be seen, as 

tributaries which garner federal water quality protection or as exceptions; Currently there is not a 

definitive understanding of exactly how these unique stormwater features will be seen100.   

The construction of BMPs has the potential to further complicate this understanding because 

BMPs prevent significant volumes of stormwater from ever reaching downstream.  Advocates for treating 

these upstream reaches as exceptions to what is considered a tributary may point to the lack of water these 

waterbodies actual convey downstream as further evidence that they do not qualify as tributaries, rather as 

stormwater controls constructed on dry lands. 

The Los Angeles region has until 2028 to achieve 100% compliance with water quality standards 

in the LARB34.  Constructing the number of BMPs proposed in this research, and the post-implementation 

assessment of compliance success could potentially take that entire length of time.  The CWR, as of this 

writing, is currently stayed nationwide by the U.S. Court of Appeals for the Sixth Circuit, until further 

clarification can be garnered to guide municipalities in conforming to the EPA’s promulgation101.  To 

ensure that the implications of the CWR in the LARB and its evolving understanding of how tributaries 
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and their exceptions are understood, municipalities are recommended to follow the implementation and 

evolving clarification of the CWR.     
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CHAPTER 7 CONCLUSION 

The current research offers six Compliance Options, each equally comply with the MS4’s 85th% 

24-hour design storm provision (capable of capturing 10,396 AF), but consist of a unique composition of 

the five modeled BMPs.  Each of these Compliance Options offer a different blend of ancillary benefits 

and costs.  The six Compliance Options created in this research are by no means the most optimal Options 

capable of being produced, rather they inform municipalities about the benefits each suite of BMPs is 

capable of offering under the assumptions within this research.  As municipalities within the region parse 

through the various benefits and costs presented here, a dialogue can be begin to better understand their 

particular near-term and long-term needs, integrate those needs into the current Compliance Options, and 

develop these Options further to incorporate their specific and unique perspectives.  The Option chosen as 

most optimal from the perspective this research is 3a, which contains vegetated swales and infiltration 

trenches, because of its balance of cost, load reduction capability, and high infiltrative capacity.  That is 

not to say the creation of Option 3a, its assessment, and selection as the optimal solution is the best option 

for all municipalities now and into the future; each municipality has its own unique considerations and the 

understanding of BMPs and their capability will be improved in the coming years.  The following 

sections detail further opportunity for research as well as the need for further discussion with 

stakeholders, and policymakers whose understanding of the solutions help to further develop and shape 

BMP implementation.  

7.1. Further Research Opportunities 

Our recommendations for the LARB is the first step in assessing the potential for meeting water 

quality standards in the basin and quantifying ancillary benefits.  Policymakers and other stakeholders 

likely have their own perspective on what they think is best in terms of benefits, and what they think is 

possible given the fiscal climate in the region.  The conversation that now needs to take place is to explain 

the reasons for why this research has selected Option 3a as the most optimal, and what policymakers see 

as the most optimal Option from their perspective.  This interaction will allow researchers and 

practitioners, such as ourselves, to understand and work with the needs, concerns, and points of view of 

stakeholders to further develop the selected optimal Compliance Options and ensure the BMPs that are 

eventually implemented are tailored to their specific needs.  

7.1.1. BMP Placement 

Compliance Option 3a has 138,126 vegetated swales and 13,836 infiltration trenches, yet their 

placement in the basin is not explicitly addressed in this research.  To some degree plausible locations for 
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BMP construction have been identified (on Recreation, Education and Transportation land-uses), however 

because a BMP is plausible from a land ownership perspective does not indicate it is a plausible location 

hydrologically.  For instance, the best place to construct regional BMPs from a hydrologic perspective is 

at the bottom of large catchments.  Some of the Recreation Land-uses we’ve identified are likely at or 

near the bottom of large catchments, however there will also be Recreation Land-uses at local topographic 

highs where little or no stormwater can be routed to.  In this example the land-use is capable of supporting 

a regional BMP however the hydrologic landscape dictates that it would be ineffective.   

To further understand where BMPs are not only plausible but effective in terms of capturing 

stormwater, there is a need for an in-depth assessment of where catchments of varying size are across the 

basin.  The location BMPs are implemented, their size, and their type can change their efficacy to remove 

pollutants.  From this perspective, strategically locating ideal BMP locations, and simulating their 

implementation in those places could offer a fuller picture of their efficacy to meet compliance in the 

LARB. 

7.1.2. BMP Cost and Performance Data 

This research utilized the International BMP Database to calibrate simulated BMPs, which is 

regarded as a reliable source for BMP data, and is consulted regularly by researchers102 103 104 105 106.  To 

garner construction costs for BMPs, construction reports were used to assess typical costs of various BMP 

types per square foot in the Southern California area (Table 4.10).  These resources offer a good 

understanding of how BMPs improve water quality, and cost to do so, however stormwater BMPs are still 

a developing technology, as such the understanding the scientific community has in regards to how they 

perform is still developing106.  A study investigating the cost-effectiveness of green stormwater 

infrastructure, like BMPs, indicated that there is generally a lack of sufficient data to reliably inform a 

cost-effective ratio between various BMPs106.  Researchers offered two suggestions to increase certainty 

and enable more municipalities to adopt green infrastructure: (1) adopters of green infrastructure be 

required to monitor their infrastructure for its efficacy, and (2) share their data so it can be more widely 

available.  Completion of these tasks would increase the level of understanding of the behavior of BMPs 

and their cost.  This research echoes those recommendations.  If improved data were available, the BMP 

cost and performance would have lower uncertainty. 

7.1.3. Infiltration 

Because BMPs are not placed on specific parcels in the watershed it is impossible to know the 

exact volume of infiltrated stormwater that is perceptible to local groundwater aquifers.  To quantitatively 

assess how much infiltrated stormwater is capable of recharge, the geology “under-foot” of each BMP 

location would need to be analyzed.  This would require a thorough understanding of the lithology of the 
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region, the proximity to known aquifers, both of which shape the understanding of the connectivity from 

BMPs on the surface to the aquifer below.  As the BMP Placement Section above details, the next step in 

understanding how effective BMPs are is discretely locating them throughout the watershed.  During this 

process the geology of the area should also be considered to determine, with more accuracy than this 

research can, the volume of stormwater that can actually recharge aquifers. 

7.2. Final Remarks 

Urban regions around the world are expected to grow substantially over the next few decades1 

and will need to expand their footprint to continue to incorporate new citizens.  Stormwater pollution is 

likely to increase as cities percent pervious increases, as well as the services that provide for those new 

citizens22 (e.g. more cars on the road, which are a significant source of metal pollution23).  The City of 

Los Angeles, as well as a number of other Southern California municipalities, have a regulatory 

obligation to reduce pollutant loads to comply with water quality standards6 34 35.  In this region of 

Southern California, the MS4 permit stipulates that capturing the 85th% 24-hour stormwater volume 

(10,396 AF) is a route of compliance for permittees within its jurisdiction94.  The current research creates 

six Compliance Options, each of which complies with the MS4 permit by capturing the required 

stormwater volume, but offer a variety of costs and benefits to the river basin (peak flow reduction, 

infiltration, BMP footprint, cost, and TMDL exceedance reduction).   

Option 3a, which contains vegetated swales and infiltration trenches, was chosen as the most 

well-balanced Option for implementation.  Option 3a is the most optimal Option in terms of cost ($3.8 

billion), wet-weather exceedances (2 exceedances / year for only zinc), and infiltrates only slightly less 

stormwater than option 3b (22.6% vs 22.9% of precipitation).  The two drawbacks for option 3a is (1) the 

relatively high number of dry weather exceedances, however as shown in Section 6.2, Option 3a removes 

more load than all other Options.  The other drawback (2) is the relatively large area required for 

implementation (14.4 mi2), however this research has identified approximately 34 mi2 (Table 4.20) of 

BMP plausible land for BMP construction.  Admittedly, Section 7.1.1, introduces the reality that not all 

34 mi2 will be plausible because the entire area will not be situated sufficiently proximal to the bottom of 

drainage areas. There are also other realities that affect BMP implementation, such as the challenge in 

quantifying the actual volume of infiltrated stormwater to groundwater aquifers.  This is particularly 

important in the semi-arid southwest because of the region’s heavy reliance on imported water.  

Additional realities include the need to garner more data to better inform BMP performance (e.g. more 

monitoring data) and BMP cost, improved spatial optimization methods for identifying the most ideal 

BMP parcels for construction within a watershed, as well as the best choice of geomedia and vegetation 
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within BMPs for certain climates and pollutants. Lastly Federal water quality regulations will continue 

evolve as Court decisions are made and legislation is written.   

It is incumbent upon municipalities considering BMP implementation, as well as practitioners 

and researchers informing the capability of BMPs, to monitor the development of all of the realities listed 

above, and respond commensurately to how they evolve our understanding of the capabilities of BMPs.   
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APPENDIX A 

Table A-1 Major and minor NPDES dischargers in the LA River Basin 
 Discharger Name NPDES No. Major\ 

Minor 
Facility City Design 

Flow 
(MGD) 

Place Type 

Burbank City DPW CA0055531 Major Burbank 9 WRF 
Joint Outfall System CA0053716 Major El Monte 15 WRF 
Los Angeles City Bureau of 
Sanitation 

CA0056227 Major Van Nuys 80 WRF 

Los Angeles City Bureau of 
Sanitation 

CA0053953 Major Los Angeles 20 WRF 

Plains West Coast Terminals, 
LLC 

CA0052949 Major Compton 4.32 Facility 

The Boeing Company CA0001309 Major Canoga Park 168 Facility 
16501 Ventura, LLC CAG994004 Minor Encino .6 Facility 
Alhambra Dept of Utilities CAG914001 Minor Alhambra 3 Groundwater 

Cleanup Site 
Arcadia City CAG994005 Minor Arcadia 2.16 Facility 
Bell Gardens City CAG994005 Minor Bell Gardens .0025 Facility 
Bond Chinatown Ventures, 
LLC 

CAG994004 Minor Los Angeles .144 Facility 

BP Pipelines (North America), 
Inc. 

CAG674001 Minor Long Beach .7 Facility 

Burbank City Public Service CAG994002 Minor Burbank 2.16 Facility 
CA Dept of Transportation 
District 7 

CAG994004 Minor Santa Clarita .82 Facility 

CA Dept of Transportation 
District 7 

CAG914001 Minor Downey 2.6 Groundwater 
Cleanup Site 

Calabasas Park Homeowners 
Association (CPHA) 

NULL Minor Calabasas 0 Facility 

California American Water Co 
- San Marino 

CAG994004 Minor Pasadena 1.4 Facility 

California American Water Co 
- San Marino 

CAG994004 Minor Rosemead 2.2 Facility 

California Water Service 
Company Long Beach 

CAG994005 Minor Rancho 
Dominguez 

4.3 Facility 

Central Basin MWD CAG994004 Minor Pico Rivera .05 Facility 
Chevron USA, Inc CA0059293 Minor Van Nuys .05 Facility 
Chinatown Gateway, LLC CAG994004 Minor Los Angeles .1 Facility 
Coast Packing Company CAG994003 Minor Vernon .1 Food 

Processor 
Compton City Municipal Water 
Dept 

CAG994005 Minor Compton 7.2 Facility 

Cyclops Mills, LLC CAG834001 Minor Glendale NULL Groundwater 
Cleanup Site 
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 Discharger Name NPDES No. Major\ 
Minor 

Facility City Design 
Flow 

(MGD) 

Place Type 

Douglas Emmett Management 
LLC 

CAG994004 Minor Woodland 
Hills 

.02 Facility 

Douglas Emmett Management 
LLC 

CAG994004 Minor Woodland 
Hills 

.02 Facility 

Douglas Emmett Management, 
LLC 

CAG994004 Minor Woodland 
Hills 

.028 Facility 

Downey City Water System CAG994005 Minor Downey .06 Facility 
East Pasadena Water Co. CAG994005 Minor Pasadena 1.7 Facility 
East Pasadena Water Co. CAG994005 Minor Arcadia 2.88 Facility 
Encino Ventura Apartment 
Development LLC 

CAG994004 Minor Encino .06 Facility 

Equity Office Properties CAG994004 Minor Woodland 
Hills 

.0001 Facility 

ExxonMobil Oil Corporation CAG674001 Minor Vernon .6 Facility 
Glendale Docker Partnership CAG994003 Minor Glendale .002 Facility 
Golden State Water Co - San 
Dimas 

CAG994005 Minor Bell 5.76 Facility 

Golden State Water Company- 
San Dimas 

CAG994005 Minor Paramount .144 Facility 

Golden State Water Co. - San 
Dimas 

CAG994005 Minor Bell Gardens .9 Facility 

Golden State Water Co. - San 
Dimas 

CAG994005 Minor Los Angeles 2.28 Facility 

Golden State Water Co. - San 
Dimas 

CAG994005 Minor Arcadia 1.4 Facility 

Golden State Water Co. - San 
Dimas 

CAG994005 Minor Bell Gardens 4 Facility 

Golden State Water Co. - San 
Dimas 

CAG994005 Minor Paramount .9 Facility 

Golden State Water Co. - San 
Dimas 

CAG994005 Minor Los Angeles .9 Facility 

Golden State Water Co. - San 
Dimas 

CAG994005 Minor Los Angeles 2.9 Facility 

Golden State Water Co. - San 
Dimas 

CAG994005 Minor Bell 4.32 Facility 

Golden State Water Co. - San 
Dimas 

CAG994005 Minor Bell Gardens 1.44 Facility 

Golden State Water Co. - San 
Dimas 

CAG994005 Minor Rosemead .015 Facility 

Golden State Water Co. - San 
Dimas 

CAG994005 Minor Bell .9 Facility 

Golden State Water Co. - San 
Dimas 

CAG994005 Minor Los Angeles .9 Facility 

Golden State Water Co. - San 
Dimas 

CAG994003 Minor Temple City .021 Facility 

Grifols Biologicals Inc. CAG994003 Minor Los Angeles .0003 Facility 

Table A-1 continued
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 Discharger Name NPDES No. Major\ 
Minor 

Facility City Design 
Flow 

(MGD) 

Place Type 

Hermetic Seal Corp. CAG994003 Minor Rosemead .003 Facility 
Hermetic Seal Corporation CAG994004 Minor Rosemead .36 Groundwater 

Cleanup Site 
L & R Auto Parks, Inc. CAG994004 Minor Los Angeles .003 Facility 
Lincoln Avenue Water Co. CAG994003 Minor Altadena .021 Facility 
Lincoln Avenue Water Co. CA0064068 Minor Altadena .0185 Facility 
Long Beach City CAG994004 Minor Long Beach .072 Facility 
Los Angeles City Dept of Parks 
& Recreation 

CAG990005 Minor Glendale 0 Facility 

Los Angeles City DWP CAG994005 Minor Los Angeles 1 Facility 
Los Angeles City DWP CAG994005 Minor North 

Hollywood 
.1 Facility 

Los Angeles City DWP CAG994005 Minor Sylmar 1 Facility 
Los Angeles City DWP CAG994004 Minor Los Angeles .06 Facility 
Los Angeles City DWP CAG994004 Minor Los Angeles .1 Facility 
Los Angeles City DWP CAG994004 Minor Sylmar .2605 Facility 
Los Angeles City DWP CAG994004 Minor Los Angeles .6 Facility 
Los Angeles City DWP CAG994004 Minor Los Angeles .06 Facility 
Los Angeles City DWP CAG994004 Minor Los Angeles .333 Facility 
Los Angeles City DWP CAG674001 Minor Los Angeles .45 Facility 
Los Angeles City DWP CAG674001 Minor Los Angeles 2.8 Facility 
Los Angeles City DWP CAG674001 Minor Los Angeles 1.5 Facility 
Los Angeles City DWP CAG914001 Minor Los Angeles NULL Groundwater 

Cleanup Site 
Los Angeles Turf Club CA0064203 Minor Arcadia 12.7 Facility 
Lubricating Specialties 
Company 

CA0059013 Minor Pico Rivera .258 Facility 

Maywood Mutual Water Co  
No.2 

CAG994003 Minor Maywood .05 Facility 

Metropolitan Water District of 
Southern California 

CAG994003 Minor South Gate .087 Power Plant 

Monterey Park City CAG914001 Minor Rosemead .49 Groundwater 
Cleanup Site 

Monterey Park City CAG914001 Minor Rosemead .49 Groundwater 
Cleanup Site 

Monterey Park City CAG914001 Minor Rosemead 2.6 Groundwater 
Cleanup Site 

NASA/JPL Jet Propulsion 
Laboratory 

CAG994004 Minor Pasadena .007 Facility 

Occidental Lofts LLC CAG994004 Minor Los Angeles .144 Facility 
Olegario& Maria Estela 
Sanchez 

CAG994004 Minor Lynwood .01728 Facility 

Owens-Illinois, Incorporated CA0056464 Minor Vernon 2.6113 Facility 
Pacific Energy Group LLC CAG994004 Minor Long Beach 1 Facility 
Paramount City CAG994005 Minor Paramount 4.32 Facility 

Table A-1 continued
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 Discharger Name NPDES No. Major\ 
Minor 

Facility City Design 
Flow 

(MGD) 

Place Type 

Pasadena City Water & Power CAG994005 Minor Pasadena .081 Facility 
Pasadena City Water & Power CAG994005 Minor Pasadena .037 Facility 
Pasadena City Water & Power CAG994005 Minor Pasadena 1.08 Facility 
PCCR USA CA0063908 Minor Lynwood .34 Facility 
Rita Sevlian CAG834001 Minor Long Beach .0085 Facility 
San Gabriel Basin WQ 
Authority 

CAG994004 Minor El Monte .072 Facility 

San Gabriel County Water 
District 

CAG994005 Minor Rosemead .0093 Facility 

Saticoy Realty Investment, 
LLC 

CAG994004 Minor Los Angeles .1 Facility 

Shell Oil Products - Carson CAG674001 Minor Van Nuys .95 Facility 
Soco West, Inc. CAG994004 Minor Pacoima .44 Facility 
South Gate City CAG994005 Minor South Gate 1.44 Facility 
Tract 180 Water Company CAG994005 Minor Cudahy .9 Facility 
Univar USA Inc. CAG914001 Minor City Of 

Commerce 
.072 Groundwater 

Cleanup Site 
Walnut Park Mutual Water Co. CAG994005 Minor Huntington 

Park 
.011 Facility 

Water Replenishment District 
of Southern California 

CAG994005 Minor Los Angeles .001 Facility 

 

 

Table A-2 Statistical values for cadmium EMC data (ug/L) 
 Mean Maximum Minimum Median 25th 

Percentile 
75th 
Percentile 

85th* 
Percentile 

Agriculture 0.62 1.05 0.41 0.41 0.41 0.89 1.05 
Commercial 1.00 1.91 0.48 1.00 0.55 1.25 5.00 
Education 1.49 2.80 1.10 1.30 1.20 1.51 1.93 
Industrial 2.03 5.40 1.00 1.40 1.00 2.35 3.81 
MFR 1.10 1.10 1.10 1.10 1.10 1.10 1.10 
SFR 2.13 3.00 1.20 2.15 1.60 2.65 2.93 
Other 0.60 0.70 0.50 0.60 0.50 0.70 0.70 
Recreation 0.60 0.70 0.50 0.60 0.50 0.70 0.70 
Transportation 1.77 5.80 1.00 1.30 1.10 1.90 2.30 
Vacant 0.42 0.50 0.34 0.42 0.34 0.50 0.34 

*Selected values for water quality calibration 

Table A-1 continued
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Figure A-2 Event Mean Concentration Data for Cadmium for all Land-Uses 

Figure A-1 Observed & Modeled Loading (Cadmium) at the 
Terminus of the Gaged-Watershed 
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Table A-3 Calibrated values for parameters in SUSTAIN 
Sub 

Watershed 
Slope N-

impervious 
Dstore-

Impervious 
Width % 

impervious 
N-

pervious 
Dstore-

Pervious 
%zero 

impervious 
Hydraulic 

Conductivity 
Arroyo Seco 0.037 0.016 0.05 67847 12 0.058 0.05 25 0.237 
Burbank 0.04 0.016 0.05 68101 13 0.058 0.05 25 0.123 
Chavez 
Ravine 

0.063 0.013 0.05 46545 51 0.018 0.05 25 0.092 

Compton 
Creek 

0.032 0.013 0.05 100201 44 0.04 0.05 25 0.132 

Eaton 0.026 0.013 0.05 47340 49 0.058 0.05 25 0.165 
Glendale 0.056 0.013 0.05 48785 47 0.058 0.05 25 0.161 
Lower Hondo 0.06 0.016 0.05 49203 23 0.058 0.05 25 0.183 
Lower 
Pacoima 

0.006 0.013 0.05 48456 59.9 0.04 0.05 25 0.112 

Santa Anita 0.013 0.013 0.05 51482 67 0.04 0.05 25 0.094 
SF Valley 0.008 0.013 0.05 49996 66 0.04 0.05 25 0.046 
Tujunga 0.003 0.013 0.05 35620 68.5 0.04 0.05 25 0.052 
Upper Hondo 0.112 0.016 0.05 26073 22 0.058 0.05 25 0.194 
Upper 
Pacoima 

0.143 0.016 0.05 27353 15 0.058 0.05 25 0.225 

Verdugo 0.054 0.013 0.05 55786 54.5 0.04 0.05 25 0.111 
Wardlow 0.008 0.013 0.05 67362 62.21 0.04 0.05 25 0.063 
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Table A-4 Original values for parameters in SUSTAIN 
Sub 
Watershed 

Slope N-
impervious 

Dstore-
Impervious 

Width % 
impervious 

N-
pervious 

Dstore-
Pervious 

% Zero 
impervious 

Hydraulic 
Conductivity 

Arroyo Seco 0.06 0.016 0.05 29203 17.9 0.048 0.05 25 0.183 
Burbank 0.026 0.013 0.05 27340 49.8 0.03 0.05 25 0.165 
Chavez 
Ravine 

0.013 0.013 0.05 41482  0.03 0.05 25 0.094 

Compton 
Creek 

0.003 0.013 0.05 25620 68.5 0.03 0.05 25 0.052 

Eaton 0.112 0.016 0.05 16073 15.5 0.048 0.05 25 0.194 
Glendale 0.006 0.013 0.05 38546 54.6 0.03 0.05 25 0.112 
Lower Hondo 0.008 0.013 0.05 37362 60.2 0.03 0.05 25 0.063 
Lower 
Pacoima 

0.063 0.013 0.05 26545 53.4 0.03 0.05 25 0.092 

Santa Anita 0.143 0.016 0.05 17353 8.1 0.048 0.05 25 0.225 
San Fernando 0.032 0.013 0.05 86201 48.2 0.03 0.05 25 0.132 
Tujunga 0.037 0.016 0.05 47847 8.6 0.048 0.05 25 0.237 
Upper Hondo 0.054 0.013 0.05 45766 45.6 0.03 0.05 25 0.111 
Upper 
Pacoima 

0.04 0.016 0.05 28101 7.5 0.048 0.05 25 0.123 

Verdugo 0.056 0.013 0.05 28785 31.6 0.03 0.05 25 0.161 
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Table A-5 Statistical values for lead EMC data (ug/L) 
 Mean Maximum Minimum Median 25th 

Percentile 
75th 

Percentile 
96th* 

Percentile 
Agriculture 11.47 40.95 2.50 5.76 5.37 8.50 40.95 
Commercial 23.58 248.00 3.00 12.00 7.30 19.00 145.08 
Education 10.78 30.00 5.30 8.60 6.40 11.10 30.00 
Industrial 27.87 178.00 3.90 13.00 8.04 39.53 109.92 
MFR 14.32 53.50 0.07 10.25 5.55 13.40 52.17 
SFR 23.67 90.00 5.10 14.80 9.80 32.60 79.46 
Other 12.58 13.73 11.10 12.92 11.55 13.53 13.73 
Recreation 12.58 13.73 11.10 12.92 11.55 13.53 13.73 
Transportation 16.83 87.00 4.00 10.00 6.73 19.25 44.86 
Vacant 24.22 113.00 2.00 6.50 2.76 25.75 113.00 

*Selected values for water quality calibration 

 

 

 

Figure A-3 Event Mean Concentration Data for Lead for all Land-Uses 
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Table A-6 Statistical values for zinc EMC data (ug/L) 
 Mean Maximum Minimum Median 25th 

Percentile 
75th 

Percentile 
95th* 

Percentile 
Agriculture 261.17 503.75 86.82 188.25 107.30 492.67 503.75 
Commercial 241.89 874.00 80.00 196.00 129.25 292.25 560.75 
Education 150.54 1610.00 50.00 109.00 72.90 152.80 254.00 
Industrial 575.20 5970.00 50.00 367.00 249.75 582.50 1587.00 
MFR 176.85 1020.00 58.00 104.00 68.75 170.75 899.50 
SFR 105.60 253.00 50.00 79.00 66.25 140.00 197.75 
Other 122.29 125.20 120.01 121.67 120.43 124.32 125.20 
Recreation 122.29 125.20 120.01 121.67 120.43 124.32 125.20 
Transportation 307.99 1810.00 70.00 233.50 153.00 337.05 877.40 
Vacant 98.00 489.00 13.00 63.00 20.00 85.00 437.00 

*Selected values for water quality calibration 

Figure A-4 Observed & Modeled Loading (Lead) at the Terminus of 
the Gaged-Watershed 
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Figure A-5 Event Mean Concentration Data for Zinc for all Land-Uses 

Figure A-6 Observed & Modeled Loading (Zinc) at the Terminus of 
the Gaged-Watershed 
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Calculation for Runoff Ratio 

Calculation of the runoff ratio for the LARB helps inform the volume of stormwater that is lost in-route 

from its initial point of contact on the land surface to the gage at the terminus of the watershed.  

Calculation of a runoff ratio in the LARB requires more than just precipitation and flow gage data.  

Hundreds of dischargers contribute flow to the channel that must be accounted for by being removed in 

calculating the runoff ratio.  Additionally, there are facilities that divert flow away from the channel (i.e. 

spreading grounds and dams) by infiltration or evaporation.   

 Only the contributions and diversions that were considered in the hydrologic modeling of the basin are 

considered in the runoff ratio calculation: three WRFs (Donald C. Tillman, LA-Gendale, LA-Burbank), 

eight spreading grounds chosen because they divert stormwater exclusively (Branford, Buena Vista, 

Eaton Wash, Hansen, Lopez, Peck, Santa Anita, Saw Pit), five major upstream dams (Tujunga, Pacoima, 

Devils Gate, Eaton, Santa Anita) where the difference between the yearly inflow and outflow gage is 

interpreted as the volume of water lost to evaporation or infiltration, and the volume of stormwater 

diverted from the San Gabriel Valley to the Los Angeles River Basin via the San Gabriel Diversion 

Channel.  The resulting average runoff ratio after considering all of the above sources is 0.36 (Table A-7). 

 

Table A-7 Sources of input and output to the basin to calculate run off ratio 
Water 
Year 

Precipitation 
(in.) 

Flow Gage 
(AF) 

WRFs  
(AF) 

Spreading 
Grounds (AF) 

Dams  
(AF) 

Diversion 
Channel (AF) 

2004 13.6 142,369 21,840 13,421 1,385 605 
2005 66.4 922,000 22,140 102,902 22,350 33,300 
2006 11.8 199,500 22,678 38,432 3,240 6,860 
2007 2.3 109,493 21,464 11,034 1,015 0 
2008 11.6 206,678 20,997 22,675 1,742 5,447 
2009 8.0 149,700 20,608 7,557 118 6,030 
2010 15.7 241,700 20,896 36,302 3,350 1,430 
2011 23.3 310,500 20,674 67,303 2,040 29,860 
2012 7.0 223,300 20,907 21,362 1,195 7,950 
2013 6.0 236,900 21,846 13,924 916 - 

 

Table A-8 Percent reduction of contaminants in dry weather 
 1a 1b 2a 2b 3a 3b 
Copper Reduction 83% 88% 89% 89% 91% 90% 
Lead Reduction 89% 88% 87% 88% 90% 90% 
Zinc Reduction 83% 86% 89% 89% 91% 90% 
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Table A-9 Exceedances per year for each impaired waterbody for copper in dry weather 
Impaired 
Watershed 

No BMPs 1a 1b 2a 2b 3a 3b 

Burbank 7 0 0 0 0 0 0 
Compton 74 3 3 7 1 3 3 
Reach 1 205 32 32 29 34 32 32 
Reach 2 140 25 24 21 25 25 25 
Reach 3 5 7 8 4 6 8 8 
Reach 4 1 1 1 0 0 1 1 
Reach 5 37 10 11 7 10 11 11 
Rio Hondo 150 18 19 16 19 19 19 
Tujunga 130 47 48 44 47 48 48 

 

Table A-10 Exceedances per year for each impaired waterbody for lead in dry weather 
Impaired 
Watershed 

No BMPs 1a 1b 2a 2b 3a 3b 

Burbank 6 0 0 0 0 0 0 
Compton 9 2 2 1 1 2 2 
Reach 1 38 23 23 25 25 23 23 
Reach 2 18 21 20 21 21 20 21 
Reach 3 1 6 6 5 5 7 7 
Reach 4 0 1 1 1 1 1 1 
Reach 5 1 1 1 1 1 1 1 
Rio Hondo 120 18 19 19 19 19 19 
Tujunga 75 42 43 41 41 43 43 

 
Table A-11 Percent reduction of contaminants in wet weather 

 1a 1b 2a 2b 3a 3b 
Copper Reduction 65% 53% 56% 52% 74% 57% 
Lead Reduction 80% 57% 58% 52% 77% 58% 
Zinc Reduction 36% 39% 65% 55% 80% 59% 

 

Table A-12 Exceedances per year for each impaired waterbody for copper in dry weather (No WER) 
Impaired 
Watershed 

No BMPs 1a 1b 2a 2b 3a 3b 

Burbank 19 5 6 4 7 6 6 
Compton 240 9 10 12 7 11 10 
Reach 1 290 54 53 51 55 53 53 
Reach 2 280 50 50 47 51 50 50 
Reach 3 42 15 16 11 15 17 17 
Reach 4 21 4 5 3 5 5 5 
Reach 5 - - - - - - - 
Rio Hondo 280 19 19 17 20 20 20 
Tujunga 190 129 130 126 129 131 131 
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Table A-13 Exceedances per year for copper in wet weather (no WER) 
Impaired 
Watershed 

No BMPs 1a 1b 2a 2b 3a 3b 

Reach 1 17 5 4 8 7 4 4 
 

Table A-14 Table of all SCAG descriptors where porous pavement is considered plausible 
SCAG descriptors 
Senior High Schools 
Other Public Facilities 
Government Offices 
Elementary Schools 
Correctional Facilities 
Colleges and Universities 
Base Government Offices 
Public Parking Facilities 

 

Table A-15 Overall percent volume reduction for each Compliance Options 
 1a 1b 2a 2b 3a 3b 
Percent Volume 
Reduction 52% 56% 39% 54% 58% 59% 
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