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Section 1: Purpose and Guide 
SECTION 1: PURPOSE AND GUIDE TO THIS DOCUMENT 

The purpose of this guidance document is to inform future efforts to reduce polychlorinated biphenyls 

(PCBs) and mercury in municipal stormwater runoff in the San Francisco Bay Area. The information provided 

in this guidance document is primarily intended for use by Permittees of the San Francisco Bay Regional 

Stormwater National Pollutant Discharge Elimination System (NPDES) Permit (also known as the Municipal 

Regional Permit (MRP)), to assist in selecting among various types of PCBs and mercury control measures 

(or combinations of controls) for implementation at the watershed, neighborhood, street, and site scales. 

However, this information may potentially be applied outside of the San Francisco Bay Area when 

appropriate. 

This guidance document was developed as part of the Clean Watersheds for a Clean Bay (CW4CB) project. 

The CW4CB project was a collaboration among the Bay Area Stormwater Management Agencies 

Association (BASMAA)1 member agencies. The CW4CB project was funded by a San Francisco Bay Water 

Quality Improvement Fund grant from the United States Environmental Protection Agency (EPA) and 

matching funds from Bay Area countywide stormwater management programs and member agencies. The 

CW4CB project was designed to evaluate the effectiveness of stormwater controls for PCBs and mercury in 

response to the San Francisco Bay mercury and PCBs Total Maximum Daily Loads (TMDLs)2. The CW4CB 

project pilot-tested methods to control discharges of mercury and PCBs in urban stormwater runoff and 

developed and implemented a regional risk reduction program that focused on targeted education on the 

health risks of consuming certain species of Bay fish that contain relatively high levels of mercury and PCBs.  

This CW4CB Guidance Manual serves as a companion document to the Project Report, which is available 

on the CW4CB website (http://basmaa.org/Clean-Watersheds-for-a-Clean-Bay-Project). 

  

                                                      

1 BASMAA is a 501(c)(3) non-profit organization that coordinates and facilitates regional activities of municipal stormwater 
programs in the San Francisco Bay Area. BASMAA represents 96 agencies, including 84 cities, 7 counties, and several special 
districts. 
2 See: http://www.swrcb.ca.gov/rwqcb2/water_issues/programs/TMDLs/sfbaypcbstmdl.shtml and  
http://www.swrcb.ca.gov/rwqcb2/water_issues/programs/TMDLs/sfbaypcbstmdl.shtml. 

http://basmaa.org/Clean-Watersheds-for-a-Clean-Bay-Project
http://www.swrcb.ca.gov/rwqcb2/water_issues/programs/TMDLs/sfbaypcbstmdl.shtml
http://www.swrcb.ca.gov/rwqcb2/water_issues/programs/TMDLs/sfbaypcbstmdl.shtml
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Section 1: Purpose and Guide 
Guide to this Document 

This guidance document is organized in the following manner: 

• Section 2: Introduction to PCBs and Mercury – This section introduces PCBs and mercury including 

historical and ongoing sources and uses, adverse impacts, and TMDL targets and waste load 

allocations. 

• Section 3: Sources and Pathways of PCBs and Mercury in Urban Areas – This section describes 

sources of PCBs and mercury in the Bay Area and describes pathways of these pollutants into urban 

stormwater conveyances.  

• Section 4: PCBs and Mercury Control Measures – This section provides an overview of the types of 

stormwater control measures available to address PCBs and mercury in three main categories: true 

source controls, source controls, and treatment controls. This section also describes the CW4CB 

control measure pilot projects. 

• Section 5: PCBs and Mercury Control Measure Selection Factors – This section identifies and 

describes the factors that should be considered when selecting control measures to address PCBs 

and mercury. 

• Section 6: PCBs and Mercury Control Measure Scenarios – This section presents control measure 

implementation scenarios for three example catchment types and the associated load reductions 

and costs.  

• Section 7: Implementation Guidance – This section presents a summary of the practical lessons 

learned from the CW4CB pilot projects about design, construction, installation, and 

implementation, as well as recommendations for control measure implementation. 
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Section 2: Introduction 
SECTION 2: INTRODUCTION TO PCBS AND MERCURY 

PCBs and mercury have been identified as priority contaminants of concern for San Francisco Bay. PCBs and 

mercury are the focus of this document, but at a practical level, it is recognized that many stormwater 

control measures (also called best management practices (BMPs)) for PCBs and mercury have multiple 

benefits for other contaminants and many elements of existing urban programs are applicable for managing 

PCBs and mercury. Where appropriate, these relationships are highlighted throughout this guidance 

document. 

History and Ongoing Sources and Uses of PCBs and Mercury 

PCBs are a family of chlorinated organic compounds formed by two 

benzene (C6H6) rings linked by a single carbon-carbon bond. Various 

degrees of substitution of chlorine atoms for hydrogen are possible on 

the remaining 10 benzene carbons (see diagram on right) and there are 

209 possible arrangements of chlorine atoms. 

PCBs can occur as minor byproducts in a number of chemical industrial 

processes, during drinking water chlorination, and from thermal 

degradation during some industrial processes. The United States (U.S.) 

production of PCBs reportedly totaled approximately 640,000 metric 

tons (MT). Production peaked in 1970. Overall, approximately 73% of 

U.S. production occurred between 1955 and 1977. 

 About 60% of the PCBs commercially sold in the U.S. were used in 

“controllable closed systems, such as coolants and insulating fluids in electrical transformers and capacitors 

and fluorescent light ballasts. About 10% were used in “uncontrollable closed systems,” such as hydraulic 

fluids and lubricants. The remaining 20% were used in “dissipative products,” where the PCBs were in direct 

contact with the environment with no way of recovering them when the product reached the end of its life. 

For example, PCBs were used in plasticizers – the additives in plastics that maintain softness and pliability, 

stabilizers in flexible polyvinyl chloride (PVC) coatings of electrical wiring and electronic components, 

pesticide extenders, reactive flame retardants, paints, inks, sealants (caulking in public buildings such as 

schools and other public and private buildings and structures), wood floor finishes, and carbonless copy 

paper. The EPA banned the production and new use of PCBs in 1979, with exceptions for totally enclosed 

applications (intact, non-leaking electrical equipment such as industrial scale transformers and capacitors), 

which are responsible for an undetermined amount of PCBs that are still in use. 

Mercury (a naturally occurring element primarily found as cinnabar in the earth crust) and PCBs (a 

commercially synthesized oily compound) are legacy pollutants. Their peak production and use occurred 

decades ago, new uses of both mercury and PCBs have largely been banned, and efforts to eliminate the 

remaining uses are ongoing.  

Chemical compound structure of 

PCBs. 
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The first mercury mining 

peak occurred during and 

after the gold rush in 

California some 125 years 

ago, when mercury was 

used to extract gold (the 

dotted line on the 

diagram to the right is the 

production from the New 

Almaden mines in San 

Jose alone). A second 

peak in production occurred before and during World War II when several new industrial mercury uses and 

products began to appear. At the close of the war, many products developed or perfected during World War 

II were introduced into the consumer market, for example, cameras, videos, televisions, and hearing aids. 

The advancement of battery technology in the 1950s, including the NiCad battery and ongoing use of 

mercury batteries and mercury in printed circuit boards in these kinds of products led to a third peak in use 

in the late 1960s. Beginning in 1990, a series of environmental laws banned mercury use in paint 

(1990/1991) and battery producers reduced mercury in common batteries from an average of 0.5% by 

weight to just 0.025% by weight in 1991. Laws were introduced to control or reduce mercury in the other 

larger uses (thermostats and switches, fluorescent lighting, dental fillings, and instruments such as 

thermometers). Despite these efforts, mercury is still used in new devices such as liquid-crystal-display (LCD) 

televisions, cell phones, and in laboratory applications.  

Adverse Impacts to San Francisco Bay Area Fish, Wildlife, and Humans 

Small aquatic organisms take up PCBs, which then bioaccumulate in larger organisms throughout the food 

web. Consumption of PCBs-contaminated fish is also considered a primary source of human and wildlife 

exposure in the Bay Area, either through direct consumption or infant exposure through breast milk. 

Exposure risks are greater for moderately chlorinated PCBs, which are retained more efficiently in muscle 

tissue. Observed effects in humans have ranged from mild reactions to serious health consequences 

including hepatotoxicity (liver damage), immunotoxicity (weakened immune response), neurotoxicity 

(damage to nervous system and nerve tissue), alterations in thyroid hormone levels, adverse reproductive 

effects (reduced birth weight and decreased gestational age), and carcinogenicity (cancer causing). 

Piscivorous birds (those that eat fish such as terns and cormorants) are also at risk. 

Mercury is a persistent, bioaccumulative, toxic metal that exists and passes between elemental, inorganic, 

and organic forms, but cannot be destroyed. The organic form, methylmercury, is the most toxic. Small 

aquatic organisms take in methylmercury, allowing it to enter the food web of the Bay. As methylmercury 

moves through the food web, it accumulates and concentrates in organisms, increasing at every step of the 

food web. High levels of mercury have been found in San Francisco Bay fish, including many fish that humans 

Source: SFEI, 2010 
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and wildlife eat. In humans, mercury is a neurotoxic, affecting the brain and spinal cord, and interfering with 

nerve function. Pregnant women and nursing mothers can pass mercury to their fetuses and infants through 

the placenta and breast milk. Children are most susceptible to mercury exposure, particularly those under 

age six, who can suffer from decreased brain size, delayed physical development, impaired mental abilities, 

abnormal muscle tone, and coordination problems.  

Mercury also poses hazards to birds, mammals, and other wildlife. Birds and mammals that consume fish 

and other aquatic organisms can be exposed to significant quantities of mercury. In birds, mercury can 

adversely affect survival through effects on cell development and reproductive success, even at sub-lethal 

concentrations. More acute effects include reduced feeding, weight loss, lack of coordination, hyperactivity 

and hypoactivity, and liver and kidney damage. The embryos of birds and other vertebrates are more 

sensitive to mercury exposure than adults. In marine mammals, mercury can reduce speed and agility, 

making it more difficult to obtain food and avoid predation. 

TMDL Targets and Waste Load Allocations 

TMDLs have been completed for both mercury and 

PCBs in San Francisco Bay. They allow for wasteload 

allocations of 2 kilograms (kg) of PCBs and 82 kg of 

mercury in urban stormwater with the objective of 

improving water quality in the Bay in 20 years (2030 

for PCBs and 2028 for mercury). These represent 

estimated reductions of 50% and 90% over the TMDL 

load estimates of 160 kg of mercury and 20 kg of PCBs, 

respectively. The PCBs TMDL provides specific 

allocations for each Bay Area county (table to the 

right). The mercury TMDL (table below) also calls for 

an interim loading target of 50% reduction in 10 years. 

To measure success towards these targets, local 

agencies get credits when they can show mass 

removed (load avoided) through source control or treatment control measures. Alternatively, for the 

mercury TMDL, if local agencies take measurements in creeks or storm drains, they may be able to get credit 

by showing a loading trend in stormwater (e.g., a reduction in a 5-year running average or a reduction in 

sediment concentrations in flowing stormwater measured in mass of either mercury or PCBs decreasing on 

particles). In the case of mercury, they can also demonstrate that the concentration on particles in 

stormwater is less than or trending towards a concentration of 0.2 milligrams (mg) mercury per kg of 

sediment (0.2 parts per million (ppm) mercury). 

 

County 
Population 
(year 2000) 

PCB Stormwater 
Load Allocation 

(kg/year (yr)) 

Alameda 1,440,000 0.5 

Contra Costa 790,000 0.3 

Marin 240,000 0.1 

Napa 120,000 0.05 

San Francisco 630,000 0.2 

San Mateo 600,000 0.2 

Santa Clara 1,600,000 0.5 

Solano 290,000 0.1 

Sonoma 110,000 0.05 

Total  2 
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Entity 
Mercury Wasteload 

Allocation (kg/yr) 

Santa Clara Valley Urban Runoff Pollution Prevention Program 23 

Alameda Countywide Clean Water Program 20 

Contra Costa Clean Water Program 11 

San Mateo County Stormwater Pollution Prevention Program 8.4 

Vallejo Sanitation and Flood Control District 1.6 

Fairfield-Suisun Urban Runoff Management Program 1.6 

American Canyon 0.14 

Sonoma County area 1.6 

Napa County area 1.6 

Marin County area 3.3 

Solano County area 0.81 

San Francisco County area 8.8 

Total 82 
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Section 3: Sources and Pathways 
SECTION 3: SOURCES AND PATHWAYS OF PCBS AND MERCURY IN 

URBAN AREAS 

In the broadest sense, society’s demand for products and services that are enabled by the use of PCBs 

and mercury are the ultimate source of all legacy and ongoing contamination associated with these 

substances. Therefore, institutional controls, that is, a change in behavior and in institutional 

management or operations, are part of the solution for reducing urban sources and loads of PCBs and 

mercury. However, specific sources, releases, and transport processes must be known to facilitate the 

broadest array of effective management actions. These are illustrated for PCBs in Figure 3-1. True source 

categories include factories and mines. Source categories include Old Industrial areas (areas active 

during the peak use of PCBs and mercury), PCBs still in use, illegal disposal, recycling facilities, road 

deposits, the home and work place, and building demolition and remodeling. Transport pathways 

include runoff from impervious surfaces, vehicle tracking, foot tracking, and wind. Although the 

transport pathways for mercury are the same as for PCBs, some mercury sources are different. True 

source categories for mercury include mining and combustion/fire. Source categories include Old 

Industrial areas, illegal disposal, recycling facilities, road deposits, the home and work place, and building 

demolition and remodeling (e.g., due to wastes such as old fluorescent light tubes and thermostat 

controls).  

In this section, we provide crucial information to stormwater managers, municipal officials, and other 

stakeholders by: 

• Developing key definitions and core terms to aid communication between urban managers, 

technical staff, regulatory agencies, and other stakeholders; 

• Building upon the general introduction of history of uses and regulatory drivers (Section 2) by 

presenting conceptual models of sources and pathways of PCBs and mercury in urban areas; and 

• Providing estimates of proportions of PCBs and mercury found in each source in the Bay Area as 

context for selection of optimal and cost effective control measures. 
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Defining Key Definitions and Core Terms 

Polychlorinated biphenyls (PCBs): PCBs belong to a family of anthropogenic organic chemicals called 

chlorinated hydrocarbons. PCBs have a range of toxicity and vary in consistency from thin, light-colored 

liquids to yellow or black waxy solids. Due to their non-flammability, chemical stability, high boiling 

point, and electrical insulating properties, PCBs were used in hundreds of industrial and commercial 

applications including electrical, heat transfer, hydraulic equipment, pigments, dyes, and carbonless 

copy paper and as plasticizers in paints, plastics, and rubber products. Although the manufacture of PCBs 

was banned in 1979, today PCBs can still be released into the environment due to erosion of surface 

soils with legacy contamination, release of legacy caulks and sealants from pavement, buildings, or other 

structures (including during demolition or renovation), poor management at hazardous waste sites, 

illegal dumping of materials containing PCBs, leaks or releases from electrical transformers still in use, 

and disposal of PCBs-containing materials and devices in landfills not designed to handle hazardous 

waste. PCBs may also be released into the environment during incineration. These releases lead to 

contamination of sediments, soils, and water in the urban environment.  

Mercury:  Mercury (chemical symbol Hg), also known as quicksilver, is a silver colored metal that is liquid 

at room temperature. Mercury exists and passes between elemental, inorganic, and organic forms and 

occurs naturally in rocks, soils and water usually in very low concentrations. It is emitted into the 

Figure 3-1. A conceptual model of PCBs sources and pathways in Bay Area urban areas (Modified from: SFEI, 2010). 

Atmospheric Deposition 
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atmosphere as gas or dust when rocks erode, volcanoes erupt, and soil decomposes. Humans have 

enhanced releases of mercury through mining and associated waste debris, commercial products with 

poor end-of-life disposal practices, soil disturbance during urban development and redevelopment, soil 

cultivation for food and fuel production, and through combustion of diesel fuel and fires. Mercury was, 

and still is, used in many household and commercial products, as well as industrial processes, because 

it is liquid at room temperature, combines easily with other metals, and expands and contracts evenly 

with temperature and pressure changes. At reduced levels, the main uses include lighting, batteries, and 

electronics but there were and are very many uses.  

True sources: The term “true sources” has been applied to a subset of sources, and means the real origin 

of the contaminant, such as a factory in the case of synthetic compounds such as PCBs, or a mine in the 

case of mercury. Many true sources have been identified and have or are being cleaned up through the 

EPA Superfund or Brownfields programs or by responsible parties such as private companies, military, 

or public agencies.  

Source areas: Source areas are defined as the places in the landscape where contaminants were used, 

inadvertently released, systematically discarded or accumulated. Source areas usually have greater 

concentrations of PCBs and mercury in soils and/or water and air than in surrounding areas. 

Pathways: A pathway differs from a source or true source and is defined as a conduit or process that 

delivers water, sediment, and/or contaminants from the source or true source to an urban storm drain, 

creek, and ultimately to the Bay. The pathways considered in the Bay Area PCBs and mercury TMDLs are 

atmospheric deposition (direct to the Bay surface), local urban stormwater runoff, local non-urban 

runoff, municipal wastewater, industrial wastewater, the Sacramento and San Joaquin Rivers, in-Bay 

dredge material disposal, and in-Bay erosion and re-suspension of buried sediments. This Guidance 

focuses on pathways in the urban system itself, including vehicle tracking (road deposits), wind dispersal, 

and surface runoff (mainly from impervious surfaces) that may pick up pollutants from surfaces or 

mobilize contaminated surface soils and discharge to storm drains and creeks. 

PCBs and Mercury True Sources in the Bay Area 

The conceptual models for PCBs and mercury identify two true source categories in Bay Area urban 

areas. A definition of each is provided below and shown graphically for PCBs in Figure 3-1. 

1. Factories; and 

2. Mines. 
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Factories 

PCBs are not naturally occurring. PCBs were commercially 

produced (synthesized) in factories in mixtures of PCBs called 

Aroclors, which contain specified amounts of chlorine by 

mass. The common Aroclors in the U.S. were Aroclor 1242 

(52% of U.S. production), 1254 (16%), 1016 (13%), 1260 

(11%), and 1248 (7%). These common Aroclors total 99% of 

all U.S. manufacture but there were many others making up 

that last 1%. Aroclors 1248, 1254, and 1260 are most 

commonly detected in the environment, perhaps because the 

lighter (lower chlorinated) compounds found in the 1016 and 

1242 mixtures can degrade more rapidly, are less persistent, 

and less subject to bioaccumulation. There are many trade 

names for these substances commonly in use in the U.S. such 

as Aroclor (used by Monsanto Company), asbestol, askarel, 

bakola131, chlorextol (Allis-Chalmers trade name), hydol, inerteen (used by Westinghouse), noflamol, 

pyranol/pyrenol (used by General Electric), saf-t-kuhl, and therminol but there were many more. None 

of the factories that manufactured PCBs were in the Bay Area. However, it is important to keep these 

technical details in mind, since drums and other containers used for transporting and storing PCBs may 

be identified by labels containing these trade names. Drums like these have been found in at least three 

industrial areas in the Bay Area. 

Mines 

Mercury was mined from the California Coast Range mainly 

from source rock called serpentinite (the state rock of 

California). In some areas, the serpentine geology was so 

enriched with mercuric sulphide (HgS, called cinnabar) that 

extracting it was economically profitable. The most famous 

and profitable of the mining areas was called the New 

Almaden Mining District and consisted of eight mines 

located in the Santa Clara Valley south of San Jose. However, 

there were a total of 22 mines in the Bay Area located in the 

Counties of Marin, Solano, Contra Costa, Alameda, Santa 

Clara, and San Mateo. Urban creeks and stormwater 

conveyances downstream from these mining areas may be 

contaminated by this legacy true source.   
Source: SFEI, 2010 

Source: SFEI, 2010 
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PCBs and Mercury Source Areas 

The conceptual models for PCBs and mercury identify several source areas in Bay Area urban areas. A 

definition of each is provided below and shown graphically for PCBs in Figure 3-1. It is interesting to note 

that there is some overlap among definitions. This is due to a particular true source, source, or use 

occurring in many locations in the urban environment. 

Old Industrial Areas  

In the context of PCBs and mercury, the term “Old Industrial 

area” refers to any industrial area that was active during the 

period of peak use of PCBs and mercury (1950-1990 and 

primarily before 1980). PCBs were used in a variety of industrial 

and large scale commercial products. For example, the 

manufacture of transformers and large capacitors, the use of 

large electrical equipment in industrial facilities that used a lot 

of electric power, heavy electrical wires, electric motors, in 

heat transfer devices, and hydraulic equipment. For example, 

there are PCBs-containing old transformer units still on power 

poles on private property in industrial areas. Plasticizers, 

plastics, and rubber products were also manufactured in these 

Old Industrial areas. In addition, caulking compounds and 

industrial grade paint were both manufactured and used in Old 

Industrial areas. Used oil containing PCBs was also used for 

dust suppression in industrial yards and along railway lines. In 

a similar way, products containing mercury such as batteries, fluorescent lights, pressure and heat 

sensing devices, switches and thermostats, and paint were all manufactured or used in Old Industrial 

areas. Many of the factories and large commercial facilities found in Old Industrial areas were fitted with 

fluorescent lights that, prior to 1991, contained both PCBs (in the ballast) and mercury (in the light tube). 

Spillage and inadequate disposal practices left a legacy of water and soil contamination in Old Industrial 

areas. 

PCBs Still in Use 

It is still legal for PCBs to be used in some totally enclosed applications including intact, non-leaking 

electrical equipment found on industrial sites. These, for the most part, are large scale transformers and 

capacitors and EPA keeps a database of these ongoing uses. However, residual amounts of PCBs remain 

in equipment after oils were changed out. Also, in some cases, legacy contamination in soils is still 

present on Pacific Gas and Electric Company (PG&E) properties at concentrations that while legal, may 

slowly disperse off-site by wind, water, vehicle- and foot-tracking and enter the local stormwater 

conveyance. In addition, spills from this equipment may be an ongoing source of PCBs to municipal 

storm drain systems. 

Source: SFEI, 2010 
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Illegal Disposal  

PCBs and mercury are still found in many items in factories, 

commercial areas, work places, and homes. In some 

instances, people who don’t know or understand the laws, 

or who don’t recognize end-of-life products and waste 

materials as hazardous, may choose improper disposal 

methods. This category includes both illicit dumping along 

creek and riparian corridors, in industrial or less populated 

urban areas, and illegal or improper disposal in trash 

receptacles such as dumpsters and waste bins. Some kinds 

of “trash” in illegal dumping areas may contain PCBs (e.g. 

demolition and remodeling waste, heavy electrical wiring 

and motors, and used gear box and hydraulic oil) and 

mercury (old televisions, computers, VCRs, home and office remodeling wastes (fluorescent light tubes, 

thermostat controls), refrigerators, microwaves, stoves, old paint, and batteries). Many of these types 

of electrical equipment can also be improperly disposed of in dumpsters and waste bins and often, if the 

equipment is smashed either during the act of dumping or at a later time, some of the mercury can leak 

out on the ground and flow to a storm drain or creek when it rains.  

Recycling and Disposal Facilities 

There are many forms of legal recycling and disposal in our urban environments including both municipal 

and private facilities. These include auto dismantlers, white goods recyclers, transfer stations, landfills, 

metal recyclers, and computer and electronics recyclers. Some of these facilities are obeying 

environment laws that guide the removal and correct disposal or reuse of components during the act of 

recycling. However, facilities that were operating before 2000 or have been operated improperly, may 

have legacy contamination in soils and waters. In addition, some of the waste that should have gone to 

recycling ends up in the mixed trash stream that is disposed of in municipal landfills not designed to 

receive hazardous waste. Roads and other impervious surfaces, soils, water, and air in areas surrounding 

and downwind of recycling and disposal facilities are likely to have higher concentrations than areas 

located further away.  

Road Deposits 

Gasoline, diesel, transmission fluids, and motor oils contain trace amounts of mercury that are deposited 

on road surfaces as unburned residues and exhaust products. Streets in industrial areas and poorer 

neighborhoods have greater levels of these deposits due to older vehicles and greater emissions. There 

is some evidence that roads in older urban areas may have higher concentrations of mercury, perhaps 

because of decades of buildup and from a time of lower emissions standards for cars and home heating. 

In addition, roads receive trash and debris that are discharged out of vehicles during haulage that can 

Source: SFEI, 2010 
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contain PCBs and mercury. Roads servicing recycling areas and municipal or private landfills and disposal 

areas likely receive a greater share of the burden of inadvertently deposited PCBs and mercury. 

Use in the Home and Work Place 

PCBs and mercury were used in many practical applications in 

the home and work place. In older homes that were either 

remodeled or built during the peak period of PCBs and mercury 

usage (1950-1990), many of these products may still be in use. 

For example, PCBs can be found in older appliances such as 

TVs, refrigerators, and washing machines and other appliances 

containing single phase motors, in fluorescent light ballasts, old 

bottles of ink and glues and carbonless copy paper, flame 

retardants (old synthetic furniture, bedding, wall coverings and 

ceiling tiles), old cans of floor wax, floor finish (e.g., a bowling 

lane-like polyurethane coating), and in caulking around 

windows.  

Mercury was also used in thousands of products in the home 

and office including switches in appliances (e.g., any old 

appliance that has a light that turns on automatically when the 

door is opened), thermostats (e.g., ovens and clothing irons), thermometers, manometers (e.g., medical 

blood pressure gauges), and barometers (weather indicators), latex paints manufactured before 1992 

(to prevent fungus), batteries (particularly button cells but any battery manufactured before 1991), 

disinfectants, antiseptics, makeup (skin whiteners), diuretics, and preservatives. Old chemistry sets and 

children’s toys were once sold with liquid mercury (e.g., a mercury maze). For example, a single medical 

blood pressure gauge from the 1980s could contain over 1 pound (lb.) of mercury. In general, any of 

these sorts of products that predate the early 1990s should be used and disposed of following household 

toxics disposal guidelines. More information on county specific facilities can be found at, 

www.savesfbay.org/household-toxics-disposal.    

Building Demolition and Remodeling 

PCBs and mercury are present in homes offices, businesses and factories incorporated into the building 

materials, fixtures, wiring, heating, elevators, flooring, finishing, and roofing. Prior to 1979, PCBs were 

used in fluorescent light ballasts, electric motors and heavy electrical wiring (e.g., in building elevators), 

well pumps, switch boards and switch gear, flame retardants (wall coverings and ceiling tiles), floor wax, 

floor finish, industrial heavy duty paints, resins, synthetic rubber, and waterproofing compounds. Many 

people may already be familiar with concern raised about PCBs use in caulking around windows, doors, 

and between concrete slabs in the walls of tilt-slab buildings and between concrete slabs in concrete 

floor buildings, external foot paths, and roadways.  

Source: SFEI, 2010 

http://www.savesfbay.org/household-toxics-disposal
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With the exception of mercury in electrical switch boards and circuits, and in paint, most of the mercury 

in buildings older than 1990 slated for demolition or full scale remodeling is associated with thermostats, 

switches, and fluorescent lighting. As buildings are demolished or remodeled, it is possible for some of 

these materials to leave the work site and settle on impervious surfaces or enter directly into a local 

storm drain or creek. In the absence of demolition or remodeling, certain materials (e.g., caulks and 

paints) found on the exterior of buildings and other structures may also erode and be released into the 

environment over time. 

Road and Street Infrastructure 

PCBs-containing caulks and sealants may also be found in public infrastructure such as parking garages, 

bridges, dams, storm drain pipes, and pavement joints (e.g., curb and gutter). 

PCBs and Mercury Pathways to Urban Stormwater Conveyances  

The conceptual models for PCBs and mercury describe how these chemical substances can get from 

their true sources and source areas to the municipal separate storm sewer system (MS4) and creeks. 

These routes or modes of transport are called pathways. There are three main pathways: 

1. Atmospheric Deposition on urban areas; 

2. Vehicle and foot tracking; and 

3. Buildup and wash off from impervious surfaces. 

PCBs and mercury attach strongly to soil and sediment particles. PCBs and mercury mass that is leached 

out, settled, leaked, spilled, or discarded from true sources or products used in source areas can find its 

way to local soils and sediments. 

Atmospheric Deposition on Urban Areas 

Both PCBs and mercury are transported globally in 

the atmosphere and are found in lakes, glacial ice, 

and soils far from manufacturing, mining, or urban 

areas. Some of this global circulating mass of PCBs 

and mercury is continually deposited in the Bay Area 

each year, more or less as an even blanket. In 

addition, there is an unknown extra quantity derived 

from local sources and source areas through off-

gassing from contaminated sites and as soils 

decompose; from dust rising into the atmosphere; 

vegetation and industrial fires; combustion of fossil 

fuels (coal, gas, gasoline, diesel, and oil) for heating; 

manufacturing cement; oil refining (mercury only); 

Source: SFEI, 2010 
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and from incineration, and cremation (mercury only). Some of the PCBs and mercury released from 

these sources is deposited locally down wind and the rest is lost to the Central Valley area further east 

or to the global cycle. There is international evidence and limited local evidence that soils and water 

bodies in urban areas and stormwater conveyances near these kinds of use and release areas have 

higher concentrations of PCBs and mercury. 

In the climate enjoyed by Bay Area residents, soils and sediment dry out completely in the summer 

months leaving them exposed to wind dispersal. Wind is a strong vector for transporting PCBs and 

mercury away from Old Industrial areas or soils and sediment in other kinds of source areas onto local 

impervious surfaces where, during the next rainfall runoff, can escape to the storm drain. Management 

of dust and maintenance of impervious surfaces offers a control option for this kind of pathway. 

Rainfall on sites with exposed soils and sediment contaminated with PCBs and mercury can erode that 

soil and sediment onto the adjacent streets, into the storm drain system, and ultimately to the receiving 

waters. Stabilizing bare soil areas with vegetation or dust palliatives can help to reduce wind dispersal 

and erosion of exposed soils. 

Vehicle and Foot Tracking 

Vehicles that drive on and off unpaved lots and roads in industrial areas can track soils and sediment 

contaminated with PCBs and mercury to local feeder and arterial streets. During winter months, the 

volume of sediment transported off-site is greater due to the sticky nature of clay loam soils in the Bay 

Area. In general, much of this soil is spun off within a city block or two with the remainder being 

dispersed at greater distances. In the same manner, soils (and associated contaminants) attached to 

work boots can be dispersed into work trucks during the day, and passenger vehicles at the end of the 

work day and find their way into people’s homes. During the summer months, less soil sticks to the tires 

and work boots, but a cloud of dust often follows trucks off unpaved lots carrying with it any 

contaminants. Installing sediment traps (grates and water baths) at gateways for winter months and 

encouraging employees to change footwear before leaving a work site will help to reduce offsite 

transport of PCBs and mercury to roads, homes, and ultimately to the storm drain or creek system. 

Buildup and Wash-Off from Impervious Surfaces 

PCBs and mercury that fall on impervious surfaces from global or local atmospheric sources gradually 

build up on impervious surfaces. As described above, wind, vehicle, and foot traffic moves PCBs and 

mercury from source areas onto impervious surfaces. Once on impervious surfaces, storms in the winter 

and wind (mainly vehicle related) move it into the stormwater system or local creek. Maintenance 

activities such as street sweeping and inlet cleaning are examples of management methods with 

multiple benefits for other substances (discussed more in Section 4) that could be enhanced to reduce 

PCBs and mercury mass getting to the stormwater system or local creek. 
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SECTION 4: PCBS AND MERCURY CONTROL MEASURES 

Urban stormwater runoff control measures for PCBs and mercury generally fall into three categories: 

• True Source Controls (Load Avoidance) – True source controls focus on the original source or use 

of a potential pollutant. Load avoidance controls include regulations and laws adopted to minimize 

or eliminate the use of a pollutant for specific applications and pollution prevention activities such 

as inspections that identify high risk practices that could generate PCBs/mercury into the 

environment. By minimizing/eliminating the source/use/risk, the amount of a pollutant that would 

have entered the environment without the true source control measure in place is avoided at its 

source (i.e., true source control), thus avoiding the need to reduce/intercept the pollutant once in 

the environment. The banning of the distribution and sale of PCBs in the 1970s is the true source 

control measure for PCBs. The true source control measure for mercury is the reduction in the 

content/mass of mercury in devices/equipment as a result of legislation or voluntary reduction by 

manufacturers.  

• Source Controls (Load Reduction) – Source controls are load reduction control measures that 

reduce the risk of the pollutant from entering the environment after it has already been used in 

devices/materials/equipment (e.g., recycling) or intercept the pollutant before it is discharged to a 

receiving water body. The control measure types that fall into this category include: source 

property identification and abatement, enhanced operation and maintenance activities, and 

reduction of PCBs during building demolition/renovation or infrastructure improvement projects.  

• Treatment Controls (Load Reduction) – Treatment controls are load reduction control measures 

that remove pollutants via physical, biological, or chemical processes. The control measure types 

that fall into this category include green infrastructure (e.g., low impact development (LID) BMPs), 

non-LID treatment control measures, and diversions of stormwater to Publicly Owned Treatment 

Works (POTWs). 

The following sections provide brief summaries of source control and treatment control measures that 

may assist municipalities in reducing PCBs and/or mercury in urban stormwater runoff.  

Source Controls  

Source Property Identification and Abatement 

Source property identification and abatement involves investigations of properties located in historically 

industrial land use or other land use areas where PCBs or mercury were used, released, and/or disposed 

of and/or where sediment concentrations are significantly elevated above urban background levels. The 

source property identification and abatement control measure begins with performing investigations in 

Old Industrial areas to identify PCBs or mercury sources to the municipal storm drain system. Once a source 

property is identified, the source of PCBs or mercury on the property may be abated or caused to be abated 

directly by the Permittee or the Permittee may choose to refer the source property to the San Francisco 
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Bay Regional Water Quality Control Board (SFBRWQCB or Regional Water Board (RWB)) for investigation 

and abatement by the RWB or another appropriate regulatory agency with investigation and cleanup 

authority. Source properties may include sites that were previously remediated but still have soils 

concentrations of PCBs or mercury that are elevated above urban background levels (i.e., the cleanup levels 

applied were higher than levels of concern from the TMDL water quality standpoint) or may be newly 

identified source properties. 

As part of this control measure, the existence of significantly elevated PCBs or mercury concentrations is 

validated through surface soil/sediment sampling in the public right-of-way or through water sampling 

where visual inspections and/or other information suggest that a specific property is a potential source of 

significantly elevated PCBs or mercury concentrations (e.g., a sediment concentration equal to or greater 

than 1.0 mg/kg PCBs for a private property or a concentration greater than 0.5 mg/kg PCBs and other lines 

of evidence for a public property) are present in soil/sediment from a potential source property or in 

stormwater samples. Then the Permittees will take actions to cause the property to be abated or will refer 

that property to the RWB to facilitate the issuance of orders for further investigation and remediation of 

the subject property. Surface soil/sediments adjacent to source properties are also likely to have high 

concentrations of other pollutants such as trace metals and polycyclic aromatic hydrocarbons (PAHs). 

Source property identification and abatement that targets PCBs and mercury will likely have additional 

benefits such as reducing trace metal and PAH pollutant loads.  

In addition, for each confirmed source property, the Permittee will implement or cause to be implemented, 

where appropriate, one or a combination of interim enhanced operation and maintenance (O&M) 

measures in the street or storm drain infrastructure adjacent to the source property during the source 

property abatement process to remove historically deposited sediment and/or to prevent further 

contaminated sediment from entering the storm drain. These enhanced O&M measures will be described 

in the source property referral that is sent to the RWB. If the Permittee finds that enhanced O&M measures 

are not justified based on the results of the soil/sediment investigation, the Permittee should discuss these 

findings with the RWB prior to submitting the source property referral.  

A source property identification and referral pilot project was conducted in each of the five CW4CB pilot 

investigation watersheds: (1) Ettie Street Pump Station (ESPS) watershed in Oakland; (2) Leo Avenue 

watershed in San Jose; (3) Lauritzen Channel watershed in Richmond; (4) Parr Channel watershed in 

Richmond; and (5) Pulgas Creek Pump Station (PCPS) watershed in San Carlos. Each project was 

implemented collaboratively by CW4CB, the municipality in which the pilot investigation watershed was 

located, and the associated countywide stormwater program. More information on the results and 

benefits from source property identification and referral pilot projects can be found in Exhibit 1 and on the 

CW4CB website at: http://basmaa.org/CW4CB-Project_Reports.    

Managing PCBs in Building Materials  

Prior to the 1979 production ban by the U.S. Congress, PCBs were commonly used in various building 

materials, including sealants that were applied around windows and doors, between concrete and other 

http://basmaa.org/CW4CB-Project_Reports
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materials, and around openings for ducts and other conduits. BASMAA and its member agencies are 

cooperatively developing protocols for managing materials with PCBs concentrations of 50 ppm or greater 

in applicable structures at the time such structures undergo demolition, so that PCBs do not enter the MS4. 

PCBs from building structures can enter storm drains during and/or after demolition through vehicle 

tracking, airborne releases, soil erosion, stormwater runoff, or improper waste disposal. Applicable 

structures include, at a minimum, commercial, public, institutional and industrial structures constructed 

or remodeled between the years 1950 and 1980 with building materials with PCBs concentrations of 50 

ppm or greater. Single-family residential and wood frame structures are exempt. Permittees will 

implement the protocol beginning July 1, 2019, unless they are exempt. A Permittee is exempt from this 

requirement if the only structures that existed pre-1980 within its jurisdiction were single-family 

residential and/or wood-frame structures.  

Manage PCBs in Infrastructure 

PCBs-containing caulks and sealants may also be found in public infrastructure such as parking garages, 

parking lots, bridges, dams, storm drain pipes, foot paths, and pavement joints (e.g., curb and gutter). 

BASMAA is currently conducting a cooperative regional project to collect samples of caulk and other 

sealants used in storm drain systems and between concrete curbs and street pavement to investigate 

whether PCBs are present in such material and in what concentrations in the Bay Area. If PCBs are found 

to be present in infrastructure in the Bay Area, a protocol will be developed to identify and manage PCBs-

containing materials during infrastructure improvement projects to reduce potential discharges to MS4s.  

Enhanced Operation and Maintenance 

Municipal operation and maintenance activities remove sediments and associated particle-bound 

pollutants from streets and storm drain infrastructure. Routine actions include street sweeping, storm 

drain inlet cleaning, and pump station maintenance. In addition, culverts and channels are also routinely 

maintained (i.e., desilted). Enhancements to routine operations or implementation of non-routine actions 

such as street or pipeline flushing, capture and disposal may reduce PCBs and mercury by removing 

pollutant-laden sediment from streets and storm drainage infrastructure that would otherwise eventually 

contribute pollutant loads to the Bay. Removal of pollutant-laden sediment through enhanced operations 

and maintenance will likely have multiple water quality benefits by reducing trace metal and PAH pollutant 

loads in addition to PCBs and mercury. More information about the enhanced operation and maintenance 

CW4CB pilot projects provided in the sections below, can be found in Exhibits 2 and 3 and the CW4CB 

website at: http://basmaa.org/CW4CB-Project_Reports. 

Street Sweeping 

Street sweeping is a common practice for managing litter on municipal streets and because it is a routine 

municipal maintenance operation, street sweeping has the potential to be enhanced to target sediment 

and sediment-associated pollutants of concern such as PCBs and mercury. A CW4CB pilot project was 

conducted to study the potential effectiveness of enhanced street sweeping at reducing loads of PCBs and 

http://basmaa.org/CW4CB-Project_Reports
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mercury in stormwater runoff, and information can be found on the CW4CB website at: 

http://basmaa.org/CW4CB-Project_Reports. 

Storm Drain Inlet Cleaning 

Storm drain inlet cleaning is also a common practice for managing sediment and litter on municipal streets. 

Storm drain inlet cleaning has the potential to be enhanced to target sediment and sediment-associated 

pollutants such as PCBs and mercury by initiating inlet cleaning where it is not occurring or increasing the 

frequency of inlet cleaning where the practice is currently being implemented.  

Enhanced Pump Station Maintenance 

Typical pump station maintenance includes routine inspection (e.g., annual inspection) and, if needed, 

clean out of sediment from the pump station’s wet wells and forebay. Enhanced pump station 

maintenance may include more frequent inspection and clean out or enhanced clean out practices, leading 

to increased removal of sediment containing PCBs and mercury that would otherwise be pumped to the 

Bay. A CW4CB pilot project was conducted at the Ettie Street Pump Station to study this type of enhanced 

O&M control measure and information can be found on the CW4CB website at: 

http://basmaa.org/CW4CB-Project_Reports. 

Storm Drain Line Clean Out 

Storm drain pipe flushing, collection of the wastewater and sediment, and routing to the sanitary sewer 

for treatment is not a routine O&M practice. Implementing this practice in areas with historic sources of 

sediment with elevated levels of PCBs and mercury may prevent significant quantities of contaminated 

sediment from being transported from storm drains to the Bay. A CW4CB pilot project was conducted in 

the Leo Avenue Watershed to study this type of enhanced O&M measure and information can be found 

on the CW4CB website at: http://basmaa.org/CW4CB-Project_Reports. 

Street Flushing and Capture 

Street flushing and capture is not currently a routine O&M activity in the Bay Area. One approach to street 

flushing involves the use of two of Vactor trucks. The first Vactor truck supplies the flush water and a wand 

attachment on that truck is used to flush the street. The storm drain inlets on the flushed street segment 

are blocked with sandbags to prevent the flush water from returning to the storm drain system. The 

vacuum on the second Vactor truck is used to capture the wastewater and associated debris from the 

street gutter. The wastewater captured during the flush event is then decanted into the sanitary sewer 

system. After the decant, the sediment slurry remaining in the Vactor truck tank is dried and disposed of 

properly. A CW4CB pilot project was conducted in the Pulgas Creek Pump Station Watershed to study this 

type of enhanced O&M measure. Information can be found on the CW4CB website at: 

http://basmaa.org/CW4CB-Project_Reports. 

Mercury Source Controls 

Mercury load avoidance and reduction includes a number of source control measures listed in the 

California Mercury Reduction Act adopted by the State of California in 2001. These source controls include 

http://basmaa.org/CW4CB-Project_Reports
http://basmaa.org/CW4CB-Project_Reports
http://basmaa.org/CW4CB-Project_Reports
http://basmaa.org/CW4CB-Project_Reports
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material bans, reductions of the amount of mercury allowable for use in products, and mercury device 

recycling. The following source controls bans are included: 

• Sale of cars that have light switches containing mercury; 

• Sale or distribution of fever thermometers containing mercury without a prescription; 

• Sale of mercury thermostats; and, 

• Manufacturing, sale, or distribution of mercury-added novelty items.  

In addition, fluorescent lamps manufacturers continue to reduce the amount of mercury in lamps sold in 

the U.S. Manufactures have significantly reduced the amount of mercury in fluorescent linear tube lamps.  

Mercury Device Recycling Programs resulting in mercury load reduction generally include three types of 

programs that promote and facilitate the collection and recycling of mercury–containing devices and 

products:  

1. Permittee-managed household hazardous waste (HHW) drop-off facilities and curbside or door-to-

door pickup;  

2. Private business take-back and recycling programs (e.g., Home Depot); and, 

3. Private waste management services for small and large businesses. 

Illegal Dumping Clean-Up 

A discussion of illegal dumping can be found in Section 3 of this Guidance. Stormwater program managers 

are encouraged to identify illegal dumping sites in their jurisdiction and inspect them regularly.  Clean-up 

of illegal dumping locations will likely reduce additional pollutants such as, trace metals, PAHs (used in 

motor oils), pesticides, nutrients (garden waste), polybrominated diphenyl ethers (plastics and fire 

resistant wall and ceiling materials), and provide multiple benefits to downstream water quality.  

Stockpiles, Spills, and Disposal of PCBs 

This control measure includes the proper clean-up and disposal of stockpiles, spills, and/or improperly 

disposed quantities of PCBs. The measure would involve, for instance, a concentrated source of PCBs (e.g., 

a barrel) that is found and cleaned-up or properly disposed.  

Treatment Controls (Load Reduction) 

Treatment controls include green infrastructure and other stormwater treatment measures, trash capture 

devices, and diversions of stormwater to POTWs. Implementation of treatment controls may have multiple 

water quality benefits by capturing sediment bound pollutants such as PAHs, pyrethroids, dioxins, total 

phosphorous, lead, zinc, and nickel, in addition to PCBs and mercury. 



 

  
21   

Section 4: Control Measures 
Green Infrastructure/Stormwater Treatment Measures 

Green infrastructure/stormwater treatment includes the installation of green infrastructure into new 

development and redevelopment projects on private and public properties (in accordance with MRP 

Provision C.3) as well as installation of treatment controls (including green infrastructure) in public right-

of-ways and on public properties in existing developed areas, via retrofit or as part of larger infrastructure 

capital improvement projects. The available types of stormwater treatment systems are described here. 

More information on the green infrastructure and stormwater treatment pilot projects can be found on 

the CW4CB website along with the project reports at: http://basmaa.org/CW4CB-Project_Reports. 

Infiltration Systems 

Infiltration BMPs are capture, store and infiltrate stormwater runoff. These BMPs are engineered to store 

a specified volume of water and have no design surface discharge (underdrain or outlet structure) until 

this volume is exceeded.  

Bioretention 

Bioretention stormwater treatment facilities are 

engineered landscape garden features built purposefully 

below grade that capture and filter stormwater runoff. 

These facilities function as a soil and plant-based filtration 

device that remove pollutants through a variety of physical, 

biological, and chemical treatment processes. The facilities 

normally consist of a ponding area, mulch layer, engineered 

media, and plants. A gravel layer is located below the 

underdrain (if included) to provide storage volume for 

infiltration. As stormwater passes down through the 

planting media, pollutants are filtered, adsorbed, and 

biodegraded by the soil, plants, and microorganisms.  

The CW4CB pilot projects that incorporated bioretention included the El Cerrito Green Streets, Bransten 

Road, PG&E Substation 1st and Cutting, and Nevin Avenue Improvements projects. 

 

Also known as: 

• Rain Garden 

• Infiltration Planter 

• Bioretention bulb-outs 

Retrofit Applications: 

• Green streets 

• Parking lots 

Source: Ventura County TGM, 2011 

http://basmaa.org/CW4CB-Project_Reports
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Infiltration Basin 

An infiltration basin consists of an earthen basin 

constructed in naturally pervious soils with a flat 

bottom and an inlet structure to dissipate 

energy of incoming flow and an emergency 

spillway to control excess flows. An optional 

relief underdrain may be provided to drain the 

basin if standing water conditions occur. A 

forebay settling basin or separate Treatment 

Control Measure must be provided as 

pretreatment. An infiltration basin functions by 

retaining the stormwater quality design volume 

(SQDV) in the basin and allowing the retained 

runoff to percolate into the underlying native 

soils over a specified period of time. The bottoms of infiltration basins are typically vegetated with upland 

drought tolerant grasses or irrigated turf grass. 

 

Infiltration Trench 

Infiltration trenches are long, narrow, gravel-filled trenches, often 

vegetated, that infiltrate stormwater runoff from small drainage 

areas. Infiltration trenches may include a shallow depression at the 

surface, but the majority of runoff is stored in the void space within 

the gravel and infiltrates through the sides and the bottom of the 

trench. 

 

Dry Wells 

A dry well is defined as a bored, drilled, or driven shaft or hole whose depth is greater than its width. A dry 

well is designed specifically for flood alleviation and stormwater disposal. Drywells are similar to infiltration 

trenches in their design and function, as they are designed to temporarily store and infiltrate runoff. Their 

use should be limited to runoff from rooftops or other impervious areas with low pollutant loading because 

Retrofit Applications: 

• Parks and open spaces 

Retrofit Applications: 

• Open areas adjacent to parking lots, driveways, and buildings 

• Roadway medians and shoulders 

Source: Ventura County TGM, 2011 

Source: Ventura County TGM, 2011 
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of they are primarily designed for infiltration and not water quality treatment. A dry well may be either a 

small excavated pit filled with aggregate or a prefabricated storage chamber or pipe segment. 

Dry wells can be used to mitigate the increased volume of 

stormwater runoff coming from building roofs. While generally 

not a significant source of runoff pollution, roofs are one of the 

most important sources of new or increased runoff volume 

from land development sites. Dry wells can also be used to 

indirectly enhance water quality by reducing the amount of 

runoff to be treated by the other, downstream stormwater 

management facilities. 

 

Permeable Pavement 

Permeable pavement contains small voids that allow water to 

pass through to a stone base. They come in a variety of forms: 

they may be a modular paving system (concrete pavers, grass-

pave, or gravel-pave) or a poured-in-place solution (porous 

concrete or permeable asphalt). All permeable pavements 

with a stone reservoir base treat stormwater and remove 

sediments and metals to some degree. While conventional 

pavements result in increased rates and volumes of surface 

runoff, porous pavements when properly constructed and 

maintained, allow some of the stormwater to percolate 

through the pavement and enter the soil below. This 

facilitates groundwater recharge while providing the 

structural and functional features needed for the roadway, parking lot, or sidewalk. The paving surface, 

subgrade, and installation requirements of permeable pavements are more complex than those for 

conventional asphalt or concrete surfaces. For porous pavements to function properly over an expected 

life span of 15 to 20 years, they must be properly sited and carefully designed and installed, as well as 

Also known as: 

• Soakaway Pits 

• Infiltration Sumps 

• Rock Sumps 

• Underground Injection Controls1 
1See federal regulations title 40 CFR 

Retrofit Applications: 

• Infiltration of roof runoff 

• Other impervious areas with low 
pollutant loading 

Source: Ventura County TGM, 2011 

Source: Ventura County TGM, 2011 
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periodically maintained. Failure to protect paved areas from construction-related sediment loads can 

result in premature clogging and failure. Basic performance assessments are needed to evaluate the PCBs 

and mercury benefits from permeable pavement. The CW4CB Nevin Avenue Improvements pilot project 

incorporated permeable pavement. 

 

Subsurface Proprietary Infiltration Systems 

A number of vendors offer proprietary infiltration 

products that allow for similar or enhanced rates of 

infiltration and subsurface storage while offering 

durable prefabricated structures.  

 

Also known as: 

• Porous Pavement 

• Porous Concrete 

• Porous Asphalt 

• Permeable Pavers 

Retrofit Applications: 

• Parking lots 

• Driveways 

• Sidewalks and walkways 

Also known as: 

• Infiltration Galleries 

Retrofit Applications: 

• Parking lots 

• Parks and other public facilities 

• Adjacent to road and under roads 
Source: Ventura County TGM, 2011 
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Flow through Systems 

Flow-Through Planter Boxes and Lined Bioretention  

Flow-through planter boxes and lined bioretention treatment control 

measures are completely contained within an impermeable structure or 

liner with an underdrain (they do not infiltrate). These facilities function as 

a soil and plant based filtration device that removes pollutants through a 

variety of physical, biological, and chemical treatment processes. The 

facilities normally consist of a ponding area, mulch layer, planting media, 

plants, and an underdrain within the planter box. As stormwater passes 

down through the planting media, pollutants are filtered, adsorbed, and 

biodegraded by the media and plants. Planter boxes are comprised of a 

variety of materials, usually chosen to be the same material as the adjacent 

building or sidewalk. 

Planter boxes may be placed adjacent to or near buildings, other 

structures, or sidewalks. Planter boxes can be used directly adjacent to 

buildings beneath downspouts as long as the boxes are properly lined on 

the building side and the overflow outlet discharges away from the 

building to ensure water does not percolate into footings or foundations. They can also be placed further 

away from buildings by conveying roof runoff in shallow engineered open conveyances, shallow pipes, or 

other innovative drainage structures. The CW4CB Bransten Road pilot project incorporated a lined 

bioretention facility. 

 

Tree Well Filter 

Tree well filters are bioretention treatment control measures that utilize 

a small tree or shrub planted in a filter bed filled with engineered or other 

absorptive filtering media. The filtering area is contained in a pre-cast 

concrete box with an underdrain (these facilities typically do not 

infiltrate). Stormwater is treated through a variety of physical, biological, 

and chemical treatment processes as it passes through the filter media. 

Tree well filters are similar in function to bioretention areas and planter 

boxes, with the distinction that these facilities are optimized for high 

volume/flow treatment, therefore requiring a smaller treatment area. 

The West Oakland Industrial Area pilot project incorporated tree well 

filters.  

Retrofit Applications: 

• Areas adjacent to buildings (for roof runoff) and sidewalks 

• Building entrances, courtyards, and walkways 

 

Source: Ventura County 

TGM, 2011 

Photo Credit: Geosyntec, 2016 
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Silva Cells 

Silva Cells are proprietary (manufactured by DeepRoot) 

modular suspended pavement systems that hold large 

volumes of lightly compacted planting media while 

supporting traffic loads, essentially creating an 

underground bioretention system. Stormwater is treated 

through filtration, adsorption, sedimentation, and 

biodegradation as it flows through the underground cells 

which provide a sustainable environment for large tree 

growth. Silva Cells can be used with or without 

underdrains, depending on site conditions. The CW4CB 

Nevin Avenue Improvements pilot project included Silva 

Cells.  

 

Retrofit Applications: 

• Roadways 

• Parking lots 

 

Retrofit Applications: 

• Green Streets 

• Parking areas 

• Plazas 

• Areas adjacent to buildings and sidewalks 

 

Photo Credit: Geosyntec, 2016 
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Other (non-Green Infrastructure) Stormwater Treatment Measures 

Vegetated Swale 

Vegetated swales are open, shallow channels with low-lying 

vegetation covering the side slopes and bottom that collect and slowly 

convey runoff to downstream discharge points. Vegetated swales 

provide pollutant removal through settling and filtration in the 

vegetation (usually grasses) lining the channels, provide the 

opportunity for stormwater volume reduction through infiltration and 

evapotranspiration, reduce the flow velocity, and convey stormwater 

runoff. An effective vegetated swale achieves uniform sheet flow 

through a densely-vegetated area for a period of several minutes. The 

vegetation in the swale can vary depending on its location and the 

choice of the designer. The CW4CB Broadway and Redwood pilot 

project in Vallejo included a vegetated swale.  

 

Filter Strip 

Filter strips are vegetated areas designed to treat sheet flow runoff 

from adjacent impervious surfaces or intensive landscaped areas 

such as golf courses. Filter strips decrease runoff velocity, filter out 

sediment and associated pollutants, and provide some infiltration 

into underlying soils. While some assimilation of dissolved 

constituents may occur, filter strips are generally more effective in 

trapping sediment and particulate-bound metals, nutrients, and 

pesticides. Filter strips are more effective when the runoff passes 

through the vegetation and thatch layer in the form of shallow, 

uniform flow. Biological and chemical processes may help break 

down pesticides, uptake metals, and use nutrients that are trapped 

in the filter.  

 

Also known as: 

• Bioswale 

• Biofiltration swale 

• Grass swale 

Retrofit Applications: 

• Roadway medians and shoulders 

• Landscaped areas 

Also known as: 

• Vegetated buffer 

• Buffer strip 

Retrofit Applications: 

• Areas adjacent to parking lots and driveways  

• Road medians and shoulders 

Source: Ventura County TGM, 2011 

Source: Ventura County TGM, 2011 
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Sand Filter 

Sand filters operate much like bioretention facilities; 

however, instead of filtering stormwater through 

engineered soils, stormwater is filtered through a 

constructed sand bed with an underdrain system. 

Runoff enters the filter and spreads over the surface. 

As flows increase, water backs up on the surface of the 

filter where it is held until it can percolate through the 

sand. The treatment pathway is vertical (downward 

through the sand) to a perforated underdrain system 

that is connected to the downstream storm drainage 

system or to an infiltration facility. As stormwater 

passes through the sand, pollutants are trapped in the 

small pore spaces between sand grains or are adsorbed 

to the sand surface. The CW4CB Ettie Street Pump Station pilot project includes plans for a sand filter. 

 

Media Filter 

Media filters are manufactured devices that typically consist of a series of 

cylindrical vertical filters contained in a catch basin, manhole, or vault that 

provide treatment through filtration and sedimentation. The manhole or 

vault may be divided into multiple chambers where the first chamber acts as 

a pre-settling basin for removal of coarse sediment while another chamber 

acts as the filter bay and houses the filter cartridges. A variety of media types 

are available from various manufacturers which can target pollutants of 

concern. The CW4CB Vallejo PG&E Substation pilot project included a media 

filter. 

 

 

Retrofit Applications: 

• Areas adjacent to parking lots and driveways  

• Play fields 

Also known as: 

• Manufactured media filter 

Retrofit Applications: 

• Parking lots  

• Areas adjacent to parking lots 

• Areas adjacent to buildings 

• Road medians and shoulders 

Source: Ventura County TGM, 2011 
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Diversion to POTW 

This control measure consists of diverting, at a minimum, dry weather and/or first flush events from MS4s 

to POTWs as a method to reduce loads of PCBs and mercury in urban runoff. Pump stations located in the 

vicinity of POTW facilities are potential opportunity sites for implementation of this control measure. 

Permittees conducted a systematic process for identifying, prioritizing, and implementing five pilot 

diversion projects (not as a part of the CW4CB project). A stormwater diversion feasibility evaluation, 

coordinated through a BASMAA regional project, was conducted in 2009-2010 and included in the Regional 

Pollutants of Concern and Monitoring Supplement to the Fiscal Year (FY) 2009-10 Annual Report. The 

evaluation included development of selection criteria for potential diversion projects and identified a range 

of candidate projects in each of the five counties regulated under the MRP. 

Full Trash Capture Devices 

Full Trash Capture Devices are defined by the MRP as “any device or series of devices that traps all particles 

retained by a 5mm mesh screen and has a design treatment capacity of not less than the peak flow rate 

resulting from a one-year, one-hour, storm in the tributary drainage catchment area”. Full trash capture 

devices can be inlet-based systems or designed to capture trash from larger drainage areas and to carry at 

least the same flows as the corresponding storm drain. Although full trash capture devices are not used 

exclusively to target sediment removal, these devices do capture some sediment-bound PCBs and mercury. 

The CW4CB Leo Avenue hydrodynamic separator (HDS) project studied the effectiveness of full trash 

capture at reducing loads of PCBs and mercury. 

CW4CB Control Measure Pilot Projects 

The CW4CB project findings and lessons learned are informing development of strategies for reducing PCBs 

and mercury loads in San Francisco Bay Area urban runoff. The project consisted of multiple efforts such 

as pilot testing pollutant control measures in locations where benefits were expected to be the greatest 

and evaluating the load reduction effectiveness of those measures, as well as public risk communication 

and other outreach efforts. These efforts are described in detail in the CW4CB Project Report, which is 

available on the CW4CB website (http://basmaa.org/Clean-Watersheds-for-a-Clean-Bay-Project). The 

CW4CB pilot projects are summarized in Exhibits 4-1 through 4-5.  

 

http://basmaa.org/Clean-Watersheds-for-a-Clean-Bay-Project


 

  
30   

Section 4: Control Measures 
Exhibit 1: CW4CB Source Property Identification and Referral Pilot Projects 

Watershed Ettie Street Pump Station, Oakland Lauritzen and Parr Channels, Richmond Leo Avenue, San Jose Pulgas Creek Pump Station, San Carlos 

Addresses 

3438 Helen 
St., 
Oakland, 
CA 94608 

2601, 2730, and 2800 
Peralta St.; 2711 and 
2641 Union St.; 1282 
26th St.; 2628 Poplar 
St., Oakland, CA 94608 

2868 Hannah 
St. and 2847 
Peralta St., 
Oakland, CA 
94608 

135 Cutting Blvd, 
Richmond, CA 94804 

600 South 4th Street, 
Richmond, CA 94804 

Leo Avenue cul-de-sac, San Jose, CA N/A 

Project Location 
Map 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

General Facility 
Uses 

Appliance 
recycling 

Foundry, scrap metal 
Paint 
contractor 

Appliance recycling Foundry, scrap metal Railroad 

The San Mateo Countywide Water Pollution 
Prevention Program (SMCWPPP) is currently 
working with the City of San Carlos to determine 
next steps (e.g., referral) at several sites in this 
watershed where sediment samples with elevated 
concentrations of PCBs were collected. SMCWPPP 
is also collecting additional sediment samples in the 
watershed during spring 2017. 

Area (acres) 0.34 7.98 1.93 0.49 18.22 4.99 

Samples 
Collected 

1 6 3 2 4 2 

PCBs 
Concentration 
(mg/kg) 

3.37 0.56 – 5.7 0.39 – 1.3 0.33 – 0.37 0.93 – 1.5 17 – 26 

Mercury 
Concentration 
(mg/kg) 

0.55 0.51 – 1.6 0.37 – 0.69 0.38 – 0.61 1.4 – 1.9 3.3 – 6.6 
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Exhibit 2: CW4CB Municipal Operations and Maintenance Enhancements Pilot Projects (Pump Station and Storm Drain) 

Project Type Pump Station Cleanout Storm Drain System Cleanout and Video Inspection 

Watershed Ettie Street Pump Station, Oakland Leo Avenue, San Jose 

Project Location Map 

 

 

Existing O&M 

• Annual inspection and cleanout of two of four wet 
wells and forebay. 

• Two wet wells not routinely cleaned due to access 
limitations. 

• Baseline cleanout data collected in May 2013. 

• Storm drain system cleanouts are not routine; last 
cleanout was in 2005: approximately 3,500kg solids and 4 
– 70g of PCBs removed. 

• Video from March 2013 identified high sediment 
accumulation. 

Enhanced O&M 

• Pilot project evaluated increased mass of 
sediments and associated pollutants removed 
through enhanced cleanout of all four wet wells. 

• Enhanced cleanout data collected in September 
2014. 

• In August 2013, 10,000 gallons of water used to flush 750 
feet of main storm drain and 200 feet of public laterals; 
sediment and water samples collected. 

• Video taken in September 2013 and January 2016 
identified further sediment accumulation and possible 
pipe damage. 

Pollutant Reductions 

Maximum annual removal in 
all wet wells is approximately: 

Sediment 28 cubic yards 

PCBs 7.0 g 

Mercury 5.2 g 

 

Pollutants removed in 
sediment: 

Sediment 3,843 kg 

PCBs 73 g 

Mercury 2.9 g 

 

Conclusions 

• Third wet well accessible by crane and basket; 
fourth wet well not accessible for cleanout. 

• Cleanout requires at least four days and is difficult 
and potentially hazardous. 

• Periodic inspection and cleanout prior to start of rainy 
season may be warranted in high-sediment, high-
pollutant concentration areas. 

• During planning/costing consider that disposal of 
sediment and water may require fees and permits. 
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Exhibit 3: CW4CB Municipal Operations and Maintenance Enhancements Pilot Projects (Street Flush and Street Sweeping)

Project Type Street Flush and Capture Enhanced Street Sweeping 

Watershed Pulgas Creek Pump Station, San Carlos 
Leo Avenue, San Jose, Lauritzen and Parr Channels, 
Richmond, E. California Avenue, Sunnyvale 

Project Location Map 

 

 

 

 

Note: Red areas on maps were not sampled for this study. 

Existing O&M 
• Street flush and capture is not currently a routine 

O&M activity in the City of San Carlos or elsewhere 
in the Bay Area. 

Baseline condition established at four pilot study areas: 

• Hoffman Blvd (Richmond) 

• Cutting Blvd (Richmond) 

• E. California Ave (Sunnyvale) 

• Leo Ave (San Jose) 

Enhanced O&M 

• Included a total of four street flush and capture 
events on four different street segments each 
approximately 500 feet in length, in September 
2013. 
 

Monitoring data used to calibrate WinSLAMM model, which 
calculated potential pollutant load reduction by varying: 

• Street texture, 

• Sweeper type, and 

• Sweeping frequency. 

Pollutant Reductions 

Sediment 307 kg 

PCBs 62 mg 

Mercury 129 mg 
 

Change in mass removal efficiency by 
going from monthly to weekly sweeping 
frequency using a vacuum sweeper: 

Sediment 24% 

PCBs 7% 

Mercury 2% 

 

Conclusions 

• Pilot project provided an opportunity to 
understand implementation and document level 
of effort and costs. 

• During planning/costing consider that disposal of 
wastewater may require fees and permitting. 

• Transitioning from non-sweeping to sweeping at any 
frequency is effective for reducing pollutant load. 

• Modeled mercury load reduction may be insensitive to 
sweeping frequency and street texture. 

• Vacuum assisted sweepers are more cost-effective than 
mechanical broom sweepers. 

Hoffman Boulevard, 

Richmond 

Cutting Boulevard, 

Richmond 

Leo Avenue, San Jose 

E. California 

Avenue, Sunnyvale 
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Exhibit 4: CW4CB Urban Runoff Treatment Retrofits Pilot Projects (1-5 of 10) 

Location 
Eight blocks of Nevin Avenue between 19th 
Street and 27th Street, Richmond, CA 

Vicinity of Peralta Street between 24th and 
30th Streets, Oakland, CA 

Eureka Rain Gardens at 10200 San Pablo 
Avenue and Madison Rain Gardens at 
11048 San Pablo Avenue, El Cerrito, CA 

S. 1st St and W. Cutting Boulevard, 
Richmond, CA 

Bransten Road between Old Country 
Road and Industrial Road, San Carlos, CA 

Project Location 
Map 

 

 

 

 

 

BMP Description 

• Standard street trees 

• Rain garden (bioretention) curb extensions 
totaling 4,200 square feet, with curb cuts 
and 21 inches of loamy sand bioretention 
mix with underdrains. 

• 2,500 square feet of permeable pavers with 
DeepRoot Silva Cells for stormwater 
treatment. Porous asphalt pavement from 
23rd to 24th street. 

Filterra™ tree wells with curb cuts. Bioretention cells with curb cuts: 

• Eureka: 12 

• Madison: 7 

Bioretention with curb cuts. 
4 unlined cells.  
Cells 1 & 2: no underdrain.  
Cells 3 & 4: underdrain. 
18-inch media depth. 
Cells 1-3: 60% sand, 40% 
compost. 
Cell 4: 75% soil mix, 25% biochar. 

7 Bioretention cells with curb extensions. 

Drainage Area 
(Acres) 

Unknown 0.8 Eureka: 1.7 
Madison: 0.4 

1.7 1.8 

Construction 
Completion Date 

July 2016 November 2013 July 2010 September 2014  

Estimated Average 
Annual PCBs Load 
Reduction 
(mg/year) 

Not monitored Tree Well No. 2: 1.3 
Tree Well No. 6: 13.3 

Eureka Rain Garden Northern Cell: 3.3 1st and Cutting Cell 3: 4.1 
1st and Cutting Cell 4: 4.2 
 

Facility No. 4: 29.8 

Project Photo 
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Exhibit 5: CW4CB Urban Runoff Treatment Retrofit Pilot Projects (6-10 of 10) 

Location 
High Street near Tidewater Avenue 
Oakland, CA 

7th Street, just southeast of Phelan Avenue 
San Jose, CA 

East of Broadway Street between Redwood Street 
and Valle Vista Avenue 
Vallejo, CA 

East side of Sutter Street at Pennsylvania Street 
Vallejo, CA 

Project Location Map 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

   

BMP Description 
Prefabricated Contech HDS unit called the Continuous 
Deflective Separator (CDS) 

Prefabricated Contech HDS unit called the 
Continuous Deflective Separator (CDS) 

Vegetated swale between railroad tracks and 
Broadway Street 

Precast Contech StormFilter ® 

Drainage Area (Acres) 37 178 3 0.13 

Construction 
Completion Date 

December 2012 October 2012 September 2014 September 2014 

Estimated Average 
Annual PCBs Load 
Reduction (mg/year) 

Not monitored One time cleanout event, estimate 375 mg 
PCBs 

Load reduction estimates require water quality data 
and only flow monitoring data were collected at this 
location 

1.9 

Project Photo 
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SECTION 5: PCBS AND MERCURY CONTROL MEASURE SELECTION 

FACTORS 

There are several factors that should be incorporated into the decision-making process when 

selecting control measures to address PCBs and mercury. Cost effectiveness (i.e., the cost per mass 

of pollutant reduced), while an important factor, is not sufficient when considering which type of 

control measure to implement at the management area or site scale. Different types of control 

measures may be more appropriate in some situations than others. Additionally, the potential load 

reduction available for each type of control measure will vary; some control measures may be 

effective but not have much opportunity for implementation (such as source property identification 

and abatement), while others may be less effective but have much more opportunity (such as full 

trash capture devices).  

Given the site-specific considerations, the most feasible approach for the lowest cost will likely be 

prioritized. This section describes the most important factors that should be considered for each 

control measure category in order to help identify the optimal implementation scenario for a given 

location. Not all factors will apply to every potential control measure within each category. Site-

specific/catchment characteristics may increase or decrease the importance of any of these factors 

at a given location. Although the importance and application will vary by control measure category, 

the following factors should be considered across all control measure categories:  

• Costs:  includes all costs associated with planning and implementing a given control measure.  

• Load Reduction Potential:  includes the mercury and PCBs stormwater load reduction potential at 

the site scale. Estimates are available for the load reduction potential at the site scale for the control 

measures that were pilot tested through CW4CB (see Table 5-1). For those practices that are 

missing this information, such data should be collected during future applications to inform future 

efforts. 

• Opportunity:  includes the current and future opportunity(ies) and feasibility to implement a given 

control measure successfully. Specific issues related to opportunity are addressed under each 

control measure category. 

• Safety:  includes consideration of the potential to cause a safety hazard and the need for any 

additional measures to avoid creating a safety hazard. Safety hazards may include slip, trip, or fall 

hazards; drowning hazards; visual impairments (i.e., overgrowth into a roadway); vector concerns; 

chemical hazards; or flooding concerns.  

• Implementation Challenges:  includes consideration of any potential for implementation challenges 

due to local ordinances or regulations, resistance from the local community, or due to obtaining 

adequate funding for the project. 
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Further details about how the factors above apply to a given control measure category and identification 

of additional factors that are specific to each control measure category are provided below.  

Source Property Identification and Referral/Abatement 

For this control measure, the primary selection factor is opportunity. The overall opportunity refers 

to the extent of source properties in the Bay Area and the likelihood of identifying those source 

properties through an investigation process. While the total number of existing source properties 

in the Bay Area is unknown, a number of factors have been identified that are associated with 

catchments that contain source properties. These factors were developed from results of ongoing 

source property investigations in Bay Area watersheds, including pre-CW4CB studies, the CW4CB 

investigations, and post-CW4CB investigations that were designed and implemented following 

CW4CB recommendations. Catchments that have one or more of the following factors are more 

likely to contain mercury or PCBs source properties (i.e., higher likelihood), and thus lend 

themselves to source property investigations, including:   

• Elevated mercury or PCBs concentrations in sediment or water: It is important to note that while 

the presence of an elevated sediment concentration (e.g., a sediment concentration equal to or 

greater than 0.5 mg/kg) is usually a clear indicator of proximity to a source; the absence of elevated 

sediment concentrations does not necessarily indicate lack of source proximity. Sediment 

concentrations can be highly variable over time and across small spatial scales, and thus a low 

sediment concentration is not a reliable indicator that no sources are present in a catchment. 

Downstream water quality samples collected as a composite over the course of a storm may 

provide a more reliable indicator of source proximity (and especially the lack thereof when 

concentrations are low), but they are typically more difficult and more expensive to collect than 

sediment samples in the public right-of-way. An observed particle ratio of ≥0.5 mg of PCBs per kg 

of suspended sediment in a water quality sample may indicate a potential source property or area 

in the drainage catchment. 

• Known cleanup sites: Online databases (e.g., EnviroStor, GeoTracker, etc.) identify properties that 

have been targeted for pollution clean-up under the jurisdiction of various local, state, and federal 

agencies (e.g., local health departments, the California Department of Toxic Substance Control 

(DTSC), and EPA). Elevated sediment concentrations may be found on adjacent properties and in 

the public right-of-ways near these properties (called the “halo effect”); in addition, site-specific 

cleanup standards are often above levels of concern from the TMDL water quality standpoint, so 

these properties may warrant additional investigation and cleanup. 

• Old Industrial Land Use: Areas that were industrialized prior to 1980 may be more likely to have 

elevated pollutant concentrations. This is especially true for PCBs, which were widely used across 

many industries during the period of peak production and use from the 1955 through the 1970s. 

The primary period of use for mercury was between 1940 and 1990.  
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• Types of Facilities: Although source property profiles for mercury and PCBs have not been 

successfully developed to date, there are a number of facility types that have been associated with 

mercury or PCBs, including those that manufactured, handled or used large capacity electrical 

equipment (e.g. PG&E properties), those involved with steel manufacturing, petroleum refining, 

and power generation as well as military facilities, dry docks, ship refurbishing shops, and 

government labs and universities.  

• Historic Rail: The existence of historic and/or current rail lines in a catchment has also been linked 

to elevated pollutant concentrations, which may be due to frequent industrial use of rail lines 

and/or the application of used oils that contained PCBs as dust-suppressants (State of Oregon, 

Department of Environmental Quality, PCB Fact Sheet.CP.8-6-03.DOC). 

Enhanced Operation and Maintenance Activities 

For this control measure, opportunity is a key factor. The opportunity to enhance removal of sediment that 

contains elevated concentrations of mercury or PCBs depends primarily on the current level of O&M 

activities, the existence of areas where sediment accumulates in the storm drain infrastructure, and the 

concentration of mercury and PCBs in the accumulated sediment. Locations with the greatest opportunity 

for mercury and PCBs load reductions due to sediment removal activities will likely have one or more of 

the following factors:  

• Increased Sediment Accumulation in Storm Drain Infrastructure: This includes sediment 

accumulation/storage on street surfaces, catch basins, within storm drain lines, and in stormwater 

pump station sumps. The more sediment accumulation there is, the greater the opportunity for 

enhanced sediment removal via more frequent O&M activities.  

• Elevated Mercury or PCBs Concentrations in Sediment: The higher the sediment concentration, the 

more effective the enhanced sediment removal activities would be in reducing loads of PCBs and 

mercury. For example, because sediment concentrations are likely to be elevated in the vicinity of 

a source property, enhanced O&M activities adjacent to or in close proximity to these properties 

may provide a good opportunity for mercury and/or PCBs load reductions. 

• Current Level of O&M Activities: The opportunity to enhance sediment removal activities is 

dependent on the current level of O&M actions at a given location. The fewer O&M activities 

currently conducted in a given location, the greater the opportunity for enhancements. For 

example, there may be areas that do not have routine street sweeping where this activity could be 

initiated. Current O&M activities can be enhanced by increasing the frequency of the activity, 

switching to more advanced technologies (e.g., switching from broom sweepers to vacuum-assisted 

sweepers), and/or improving the application of an activity in targeted areas with elevated 

pollutants (e.g., enhanced parking restrictions to prevent interference with street sweeping, 

reducing street sweeper speed). Another example includes identifying less frequent or one-time 

opportunities to enhance sediment removal, such as the discovery of a sediment-blocked or 
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partially-blocked storm drain line, excess sediment accumulation in a channel that requires periodic 

attention, or build up over time of sediment in pump station sumps.  

• Associated with Source Property Referral and Abatement: When a source property has been 

identified that has released or continues to release sediment to the public right-of-way, enhanced 

O&M activities are required in order to obtain credit at different stages during the property cleanup 

process to remove historically deposited sediment or to control ongoing sediment release into the 

storm drain system from active sites. 

Stormwater Treatment Control Retrofit 

For this control measure category, there are several factors to consider.  

• Cost: For stormwater treatment projects, several different types of costs must be considered, 

including planning, design, permitting, construction, and operation and maintenance costs for the 

expected life of the project. Estimates are available for the CW4CB pilot projects as well as for some 

retrofit projects that have been constructed in the Los Angeles area (see Section 7). However, it is 

important to note that costs are highly site-specific and the cost for any one project at a particular 

location is likely to vary widely. The costs presented in this guidance document are best used to 

better understand the relative differences in costs between different types of projects and for 

comparison with other control measure categories, rather than to project the estimated cost of a 

specific project.  

• Site Opportunity:  This factor focuses on the availability of appropriate locations in the public right-

of-way or on publicly-owned parcels where a project can be implemented. Desirable locations 

include wide street right-of-ways (such as boulevards), utility corridors, parks, and other open 

spaces within urban areas (e.g., school playfields). 

• Site Feasibility: This factor focuses on feasibility constraints that would preclude a specific project 

type, such as soil/geotechnical constraints, inlet/outlet elevation restrictions, groundwater/tidal 

constraints, land use limitations, space/access constraints, conflicts with existing utilities, and other 

technical restrictions. Site constraints will often dictate the specific type of treatment control 

measure that is most appropriate for the selected project location. 

• Labor/Staff:  This factor includes consideration of the complexity of the design, ease of construction 

or installation, and complexity and/or frequency of ongoing operation and maintenance 

requirements for the project. 

• Multiple Benefits:  This factor includes consideration of the potential for other benefits (in addition 

to stormwater load reductions of mercury and PCBs) that may be achieved by the project, such as 

meeting other water resource needs (e.g., flood control, environmental/restoration benefits, water 

supply, climate change and sea level rise impact mitigation, and/or load reductions for other 
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pollutants of concern) or the potential for aesthetic or other community benefits (e.g., traffic 

calming or coordination with improved bicycle/pedestrian access).  

• Potential for Residual Soil Contamination: This factor considers whether infiltration can be allowed 

or needs to be limited/prevented due to contaminated native soils.  

• Security Considerations: This factor includes the potential for vandalism. Conditions which may be 

conducive to vandalism could include hidden or low-trafficked locations, facilities which clearly 

stand out from their surroundings, or facilities that provide other opportunities for vegetation or 

structural maiming or theft. 

Summary of Pilot Project Pollutant Loads Reduced and Cost 

Effectiveness 

Table 5-1 summarizes the estimated pollutant loads reduced by the CW4CB source property identification 

and referral and the treatment control retrofit pilot projects, normalized on a per-acre basis. The source 

property identification and referral unit load reductions are the total pollutant loads reduced per acre of 

source property referred in all five pilot watersheds. The treatment control retrofit unit load reductions 

are the total pollutant loads reduced per acre of tributary area to the project. Results are presented for 

five treatment control categories (bioretention, three types of filtration, and vegetated swale). The 

bioretention unit load reductions are the average of the estimated unit load reductions for the El Cerrito 

Green Streets, Bransten Road, and PG&E Substation 1st and Cutting pilot projects. The remaining four 

categories are comprised of one pilot project each. Table 5-2 lists the estimated cost per unit pollutant 

load reduced by the source property identification and referral and the treatment control retrofit pilot 

projects. The source property identification and referral cost per unit load reductions represent the cost 

of pollutant loads reduced per acre of watershed investigated. Costs are in 2016 dollars. 

Table 5-1: Estimated Pollutant Loads Reduced by the CW4CB Source Property Identification and 

Abatement and Treatment Control Retrofit Pilot Projects 

Pilot Project Type 

Estimated PCBs Unit 
Load Reduced 

(mg/year)/acre) 

Estimated Mercury Unit 
Load Reduced 

(mg/year)/acre) 

Source Property Identification and Referral1 4,057 1,286 

Treatment Control Retrofit 

  Tree Well Filter2 87 39 

  Bioretention3 57 13 

  Catch Basin Media Filter4 15 99 

  Vegetated Swale5 4 171 

  HDS Unit6 2 0.5 

  Pump Station Sand Filter7 0.1 0.1 

1. Total load reduced per acre of source property identified and referred for abatement for all five pilot 
watersheds. 
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2. Unit load reduction (i.e., per acre treated) for the West Oakland Industrial Area Tree Wells.
3. Average of unit load reductions (i.e., per acre treated) for the El Cerrito Green Streets, Bransten Road, and

PG&E 1st and Cutting projects.
4. Unit load reduction based on modeled data (i.e., per acre treated) for the Ettie Street Pump Station Media

Filter.
5. Unit load reduction (i.e., per acre treated) for the Broadway and Redwood Swale.
6. Unit load reduction (i.e., per acre treated) for the Leo Avenue HDS Unit only, pollutant reduction values are not

available for the Alameda and High project.
7. Unit load reduction (i.e., per acre treated) for the Vallejo PG&E Substation.

Table 5-2: Estimated Cost Effectiveness for the CW4CB Source Property Identification and Abatement 

and Treatment Control Retrofit Pilot Projects 

Pilot Project Type 

Average Cost per PCBs 
Unit Load Reduced1 

($/(mg/year)) 

Estimated Cost per 
Mercury Unit Load 

Reduced1 ($/(mg/year)) 

Source Property Identification and Referral2 $16 $53 

Treatment Control Retrofit 

  HDS Unit3 $700 $3,000 

  Pump Station Sand Filter4 $700 $900 

  Tree Well Filter5 $4,400 $9,800 

  Bioretention6 $22,000 $372,500 

  Vegetated Swale7 $47,600 $1,100 

  Catch Basin Media Filter8 $53,100 $7,800 

1. Assigns the pilot project total design and construction costs to each pollutant independently. Treatment
control retrofit project costs are not annualized.

2. Average for all five pilot watersheds of cost of loads reduced per acre of watershed area investigated ($/acre)
divided by the unit load reduced ((mg/yr)/acre).

3. Average of cost per acre treated ($/acre) divided by unit load reductions ((mg/yr)/acre) for the Leo Avenue
HDS Unit only, pollutant reduction values are not available for the Alameda and High project.

4. Average of cost per acre treated ($/acre) divided by unit load reductions ((mg/yr)/acre) for the Vallejo PG&E
Substation.

5. Average of cost per acre treated ($/acre) divided by unit load reductions ((mg/yr)/acre) for the West Oakland
Industrial Area Tree Wells.

6. Average of cost per acre treated ($/acre) divided by unit load reductions ((mg/yr)/acre) for the El Cerrito Green
Streets, Bransten Road, and PGE 1st and Cutting projects.

7. Average of cost per acre treated ($/acre) divided by unit load reductions ((mg/yr)/acre) for the Broadway and
Redwood Swale.

8. Average of cost per acre treated ($/acre) divided by unit load reductions ((mg/yr)/acre) for the Ettie Street
Pump Station Media Filter.

Table 5-3 lists normalized estimated pollutant loads reduced by the CW4CB enhanced operations and 

maintenance pilot projects. The enhanced street sweeping scenario assumes a once-per-two-weeks street 

sweeping frequency on a rough road surface using a vacuum-assisted sweeper with a baseline of no 

sweeping. The street flushing and capture, enhanced pump station maintenance, and storm drain cleaning 
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estimates are presented as annual load reductions assuming a once-per-year enhanced maintenance 

frequency. Table 5-4 lists the estimated cost for pollutant mass reduced by the enhanced operations and 

maintenance pilot projects, with the same enhanced street sweeping scenario as Table 5-3. 

Table 5-3: Estimated Pollutant Loads Reduced by the CW4CB Enhanced Operations and Maintenance 

Pilot Projects 

Pilot Project Type Units 

Estimated PCBs 
Unit Load 
Reduced 

Estimated 
Mercury Unit 
Load Reduced 

Enhanced Street Sweeping1 (mg/year)/curb-mile 43 44 

Street Flush and Capture2 (mg/year)/curb-mile 61 140 

Enhanced Pump Station Maintenance2 (mg/year)/acre 5 2 

Storm Drain System Cleaning2 (mg/year)/acre 405 16 

1. Assumes a once-per-two-weeks street sweeping frequency on a rough road surface using a vacuum-assisted 
sweeper with a baseline of no sweeping; (i.e., each curb-mile is swept 26 times per year). 

2. Assumes one enhanced maintenance event per year (i.e., each curb-mile is flushed one time per year).  

Table 5-4: Estimated Cost Effectiveness for the CW4CB Enhanced Operation and Maintenance Pilot 

Projects 

Pilot Project Type Units 

Estimated Cost / 
Mass PCBs 
Reduced1 

Estimated Cost / 
Mass Mercury 

Reduced1 

Enhanced Street Sweeping2 $/mg $21 $21 

Street Flush and Capture $/mg $1,271 $555 

Enhanced Pump Station Maintenance $/mg $8 $17 

Storm Drain System Cleaning $/mg $1 $29 

1. Costs are for planning and implementation. Pilot project monitoring and reporting costs are not included. 
2. Assumes a once-per-two-weeks street sweeping frequency on a rough road surface using a vacuum-assisted 

sweeper with a baseline of no sweeping. 
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SECTION 6: PCBS AND MERCURY CONTROL MEASURE SCENARIOS 

This section presents three example scenarios for hypothetical Watershed/ Management Areas (W/MAs) 

selected to represent likely implementation scenarios for the Bay Area, including: 

Scenario A: Source Property W/MA – Implementation of control measures in the public right-of-way in 

the proximity of known or suspected source properties; 

Scenario B: Old Industrial/High Likelihood W/MA – Implementation of control measures in general Old 

Industrial areas that are likely to have elevated concentrations of PCBs and mercury in sediment due to 

historical and/or ongoing industrial activities and adjacent to High Likelihood parcels, which may be source 

properties, but have not yet been confirmed source properties; and 

Scenario C: Old Urban W/MA – Implementation of control measures in catchments dominated by Old 

Urban (urbanized pre-1974) areas, with little or no Old Industrial land use areas, moderate sediment PCBs 

and mercury concentrations, or a likely redevelopment area. 

The CW4CB-tested control measures are compared for each scenario based upon the factors identified in 

Section 5. The significance of each factor varies based on the characteristics of the site and/or catchment 

where the control measure would be implemented. Each control measure is semi-quantitatively rated for 

a series of factors in a comparison matrix (see Table 6-1, Table 6-3, and Table 6-5). The factors are 

categorized by: cost opportunity, load reduction potential, labor/staff, multi-benefits, safety and security, 

and implementation factors. Each factor is given a score, using best professional judgement, as follows: 

Lower Cost/Higher Potential (3), Medium Cost/Potential (2), or Higher Cost/Lower Potential (1).  

Each of the Factor Groups are weighted equally for illustrative purposes but can be adjusted by the user 

based on institutional knowledge and site specific needs at the time of evaluation and can be adapted to 

permit-related green infrastructure planning and targets. The total score is weighted by factor group with 

the user-defined weights and provided for control measure comparison. Total scores are also evaluated on 

a scale of 1 to 3. In addition, the annual load reduction of PCBs and mercury and annual costs are presented 

for the selected control measures for each scenario. Load reductions and costs were estimated using the 

unit load reduction values and costs for the CW4CB pilot projects provided in Table 5-1 through Table 5-4.  

Scenario A – Source Property W/MA 

General Description 

Scenario A (182 acres) is a W/MA that contains three known source properties (shown as Facilities 1, 2, 

and 3 on Figure 6-1). Facility 1 (shown with a blue outline) is an active environmental contracting facility 

that specializes in the removal of hazardous materials. Facility 2 (shown in a yellow hatch) is an inactive 

source property that was a former DTSC remediation site. Parts of the site have been redeveloped and 

parts of the site remain as an open, partially-vegetated lot. Facility 3 (shown in a green double hatch) is an 

active facility regulated under the Industrial General Permit (IGP) that is also a source property. 
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Additionally, there are approximately 20 parcels within the W/MA (shown in red on Figure 6-1) that have 

been classified as High Likelihood, which means that they may be source properties but have not yet been 

confirmed as source properties. Inactive and active rail lines are located within the W/MA to the east 

(shown in a black double hatch) and illegal dumping occurs on streets adjacent to the rail lines (shown in a 

purple hatch).  

Source Controls Measures 

Source Property Identification and Abatement 

The three known source properties can be referred to the Regional Water Board. For Facility 2, the 

redeveloped portion of the site can be considered as “self-abated” and the remaining portion of the site 

can be referred to the RWB. As part of the source property referral process, the Permittee should conduct 

or require the facility to conduct the following actions: 

1. Investigate the storm drain connections from the facility to the local MS4 and determine if there is 

legacy sediment in the system that may have historic contamination; 

2. If legacy sediment is found, clean out and dispose of appropriately; 

3. While the site is awaiting remediation or redevelopment, install erosion control measures on the 

property, install sediment control measures at the property boundary to keep sediment from 

eroding off of the property into the right of way (ROW), and/or implement enhanced O&M activities 

such as inlet cleaning or street sweeping around the property; and 

4. If the facility is not covered under the IGP and is an active industrial facility, request that the facility 

seek coverage under the IGP. 

For the 20 parcels that have been identified as High Likelihood, monitor sediment quality within the ROW 

adjacent to the parcels or water quality in the storm drain system downgradient from the sites to 

determine whether they are actual source properties that can be referred to the RWB.  

Manage PCBs in Building Materials 

If a commercial, public, institutional, or industrial structure constructed or remodeled between the years 

1950 and 1980 located within the W/MA is slated for demolition, implement the MRP-required protocol 

for managing materials with PCBs during building demolition3. For this scenario, it is assumed that there 

are no planned building demolition projects in this W/MA. 

Manage PCBs in Infrastructure 

If a street is planned for curb and gutter maintenance, consider sampling the sealants in the curb and gutter 

to test for elevated levels of PCBs. For this scenario, it is assumed that there are no planned curb and gutter 

maintenance projects in this W/MA. 

                                                      

3 BASMAA is currently developing tools and guidance to assist local agencies in developing a protocol that is tailored to its needs. 
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Enhanced Operation & Maintenance (O&M) 

Enhanced Street Sweeping: Look for opportunities to enhance street sweeping next to open lots with 

sediment, high trash generating areas, areas known for illegal dumping, and areas adjacent to historic and 

active rail lines. To implement enhanced street sweeping, the street must have a curb and gutter. Street 

sweeping may be enhanced by upgrading the type of sweeper and/or increasing sweeping frequency if the 

street is swept infrequently, or introducing street sweeping in new locations. 

Within the Scenario A W/MA, Facility 2 is a partial open lot with potential for sediment migration off of the 

property. The streets bordering the inactive source property have curb and gutter and have weekly 

municipal street sweeping. No additional street sweeping is recommended since the site has been partially 

developed and weekly municipal sweeping already occurs. 

Facility 3 has curb and gutter with weekly municipal street sweeping and the property owner voluntarily 

conducts daily enhanced street sweeping with a high efficiency mini sweeper around the property in the 

public ROW. No additional street sweeping is recommended since the property owner sweeps daily. 

Facility 1 has curb and gutter along the length of the street, but not at the end of the street, which borders 

a California Department of Transportation (Caltrans) ROW. The street is not currently swept. For this 

scenario, weekly street sweeping is initiated around this property in areas with curb and gutter.  

Additionally, there are several open lots within the W/MA. One street is known to be an area of illegal 

dumping, which is within an Old Industrial land use area and adjacent to rail lines. Signage, which describes 

how to cheaply dispose of waste, could be added in illegal dumping areas. But the street does not have 

curb and gutter. Therefore, street sweeping is not implemented at this location for this scenario. 

Optionally, the Permittee could install curb and gutter and start sweeping in this location, although the 

cost to install curb and gutter would be very high in comparison to the potential load reduced, so this 

option would only be recommended if street improvements are planned at this location for other reasons.  

Enhanced Pump Station Maintenance: There is a pump station located within the W/MA (shown as a green 

hexagon). For this scenario, it is assumed that pump station clean-out has occurred once in the last ten 

years. It may be possible to increase the frequency of cleanout to enhance pollutant removal. 

Enhanced Storm Drain Cleanout: Storm drain laterals coming from known source property sites and main 

storm drain lines down gradient of the laterals are potential candidates for enhanced storm drain cleanout. 

If possible, such as at the active industrial sites, require the property owner to investigate and clean out 

the laterals from their facility to the MS4 main storm drain. Use video technology to investigate main lines 

and flush out major accumulations of contaminated sediment if present. 

Enhanced Street Flushing: Street flushing may be considered along Facility 2. The entire street length is 

relatively narrow and has no drain inlets. The down gradient drain inlet at the end of the block could be 

blocked off where runoff would be collected and pumped to a water truck for off-haul and disposal. Street 

conditions that may make flushing more effective than sweeping include a very rough roadway with a high 
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historic sediment load that has ceased to feed sediment into the street. Overall, this control measure may 

be less desirable than other available control measures due to the high implementation cost. 

Enhanced Drain Inlet Cleaning: Areas with multiple source properties in close proximity to one another, 

such as Facilities 2 and 3, as well as High Likelihood sites are good candidates for enhanced inlet cleaning. 

The owners of source properties could be required to clean out the drain inlets adjacent to their facilities. 

Municipal staff could cleanout and sample drain inlets adjacent to High Likelihood sites to determine if 

referrals are necessary. 

Illegal Dumping Clean-Up 

Cleanup of illegal dumping of construction demolition debris in spots like the street adjacent to the rail 

lines could potentially reduce loadings of PCBs and mercury. 

Treatment Controls 

Green Infrastructure/Stormwater Treatment Measures 

Areas in the public ROW near the active source properties and High Likelihood facilities are likely 

candidates for stormwater treatment measures. For this scenario, tree wells have been selected as green 

infrastructure retrofits near Facilities 2 and 3. Other potential retrofit locations include a wide boulevard 

through the middle of the W/MA and a park located on the northwest side of the W/MA.  

In addition, redevelopment is ongoing throughout the W/MA in Scenario A. As this redevelopment is 

subject to MRP Provision C.3, green infrastructure will be installed as part of the redevelopment activity.  

Diversion to POTW 

There is a potential opportunity for diversion from the pump station to an adjacent POTW. An engineering 

study would have to be conducted in cooperation with the POTW operator to determine if diversion of 

stormwater low flows from the pump station watershed is feasible or practicable. In general, only a very 

small fraction of the total urban runoff flows generated by storms can feasibly be accepted by a POTW 

without compromising plant performance. Due to this and other factors, previous evaluations have 

generally shown that diversion of storm flows to POTWs would not be cost-effective. Diversion of dry 

weather flows may be more feasible, but loads of pollutants in dry weather flows are usually relatively low 

and the magnitude of dry weather flows are not significant enough to facilitate diversion, which again 

would likely result in low cost-effectiveness. 

Full Trash Capture Retrofit 

There may be opportunities to install full trash capture devices in the area with illegal dumping and/or in 

high trash generating areas with inlets near High Likelihood parcels. Many of the storm drain inlets within 

the W/MA are tidally-influenced; therefore, inlet-based devices and HDS units would not be considered 

for these areas. 
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Load Reduction and Cost Estimate 

Load reduction and cost estimates for this scenario are provided in Table 6-2. For the recommended 

control measures in Scenario A, the largest annual load reductions for PCBs and mercury are achieved by 

source property identification and abatement. Enhanced street sweeping provides the lowest annual cost 

option for this scenario, but the annual loads reduced by enhanced street sweeping are substantially lower 

than that of source property identification and abatement or pump station maintenance. 
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Table 6-1: Scenario A Control Measure Scoring Scoring 

Factor Groups 

Factor 

Weighting 

(edit here) Factors 

Source 

Property 

ID and 

Abatement 

Manage PCBs 

in 

Infrastructure 

Enhanced Municipal Operation and Maintenance 

Illegal 

Dumping 

Clean-Up 

Urban Runoff Treatment Retrofits 

Street 

Sweeping 

Pump 

Station 

Maintenance 

Storm 

Drain 

Cleanout 

Street 

Flushing 

Drain Inlet 

Cleaning 

Green 

Infrastructure 

/ Treatment 

Control 

Diversion 

to POTW 

Full Trash 

Capture 

Cost 14.3% 

Low capital cost 3 

Not 

Applicable 

1 3 3 3 3 3 1 1 1 

Low implementation cost 2 2 3 3 1 3 2 1 1 1 

Low maintenance cost 2 2 3 3 3 3 3 1 1 1 

Opportunity  14.3% 
High potential for siting opportunities 3 3 3 3 3 3 3 3 3 1 

Low potential for site feasibility constraints 1 2 1 2 1 3 3 1 2 2 

Load Reduction 

Potential 
14.3% 

High area/site load reduction potential 3 3 3 3 2 3 3 3 3 2 

High overall load reduction potential 3 3 3 3 3 2 2 3 3 2 

Labor/Staff 14.3% 

Low design complexity 3 3 3 3 3 3 3 1 1 2 

Low time requirements 3 2 2 2 2 2 2 1 1 2 

Few staff and specialists required 3 2 2 1 1 3 3 1 1 1 

Low O&M time requirements 3 1 1 1 1 1 1 2 3 2 

Few staff required for O&M 3 2 2 3 3 2 2 3 3 2 

Multi-Benefit 14.3% 
High potential for control measure to meet multiple benefits 1 2 1 1 1 1 3 3 1 3 

High potential for community benefit and support 3 2 1 1 1 1 3 3 1 3 

Safety and 

Security 
14.3% 

Low likelihood of significant safety mitigation needs 3 3 3 3 3 3 3 1 3 3 

Low likelihood for theft or vandalism 3 3 3 3 3 3 3 1 3 3 

Implementation 14.3% 
Low likelihood of permitting/approval challenges due to local ordinances  3 3 3 3 3 3 3 2 3 3 

High likelihood of funding opportunities 1 1 1 1 1 1 1 3 1 2 

  100% Weighted Score 2.5 2.3 2.3 2.4 2.1 2.4 2.6 2.0 2.0 2.1 

Note: Lower Cost/Higher Potential = 3, Medium Cost/Potential = 2, Higher Cost/Lower Potential = 1. All Factor Groups are weighted equally. 
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Table 6-2: Scenario A Costs and Load Reduction 

SCENARIO A 

Source Property 

ID and Abatement 

Enhanced Municipal 

Operation and Maintenance 

Green 

Infrastructure / 

Treatment 

Controls 

Street 

Sweeping1 

Pump Station 

Maintenance Tree Well Filters 

TREATMENT AREA/FREQUENCY 

Area Investigated/Referred (ac) 182/ 9.7 - - - 

Area Treated (ac)    0.8 

Curb-Miles Treated - 0.5 - - 

Annual Cleanout Frequency - - 1 - 

LOAD REDUCTION 

PCBs (g/yr) 39.8 0.03 5.7 0.07 

Mercury (g/yr) 12.6 0.02 2.6 0.03 

COST TO ACHIEVE LOAD REDUCTION2 

Units $/(g/yr) $/curb-mi/yr $/cleanout/yr $/(g/yr) 

Unit Cost $16,000 $1,805 $43,200 $4,400,000 

Cost ($)2 $636,320 $903 $43,200 $306,240 

1. Assumes a very rough street and a sweeping frequency of once per week. 

2. Source Property ID and Abatement and Green Infrastructure/Treatment Controls are one-time costs and 

Enhanced Operation and Maintenance costs are annual costs. 

Total PCBs Load 
Reduced (g/yr) 

Total Mercury Load 
Reduced (g/yr) 

One Time Cost1 Annual Cost2 20-Year Life Cycle Cost3 

45 15 $942,560 $49,100 $1,673,082 

1. Includes Source Property ID and Abatement implementation costs and Green Infrastructure/Treatment Controls 

design and construction costs. 

2. Includes Enhanced Operation and Maintenance costs and $5,000 annual maintenance costs for Source Property 

ID and Abatement and Green Infrastructure/Treatment controls. 

3. Assumes 3% rate of inflation over 20 years. Total present value is shown, which is the sum of the one-time cost 

and the present value of the 20 years of annual cost. 
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Scenario B – Old Urban/High Likelihood W/MA 

General Description 

Scenario B (540 acres) is a W/MA that contains approximately ten High Likelihood parcels (shown in red in 

Figure 6-2), which include active rail lines (shown in double black hatch) and some areas of utility parcels 

(shown in double white hatch). All active rail lines are High Likelihood Old Industrial areas. Utility parcels 

(PG&E facilities) are either High or Moderate Likelihood Old Industrial areas. The WM/A also consists of a 

mix of Old Urban areas interspersed with Open/New Urban areas. Parts of the Open/New Urban areas 

(shown in green shading in Figure 6-2) are large, vegetated areas (e.g., in the southern portion of the 

W/MA), while other parcels are New Urban redevelopment areas (e.g., in the central and western portion 

of the W/MA).  

Source Controls 

Source Property Identification and Abatement 

There are approximately ten High Likelihood parcels in the W/MA and it is assumed that one of the 

properties will be referred to the Regional Water Board for this scenario. For this source property, the 

Permittee could conduct or require the facility to conduct the same actions described under Source 

Property Identification and Abatement in Scenario A. 

There are also four PG&E properties in the W/MA. These properties may be part of a potential future 

categorical referral of electrical utility properties to the Regional Water Board. 

Manage PCBs in Building Materials 

See Manage PCBs in Building Materials in Scenario A. 

Manage PCBs in Infrastructure 

See Manage PCBs in Infrastructure in Scenario A. 

Enhanced Operation & Maintenance (O&M) 

Enhanced Street Sweeping: A High Likelihood (shown in red on Figure 6-2), paved open sediment lot with 

high loading is located adjacent to the rail line in the northeastern corner of the W/MA. This area will be 

targeted for a new street sweeping program as part of this scenario. The other High Likelihood parcels 

already have monthly street sweeping, so this frequency will be increased to sweeping once per two weeks. 

The property owner will be required to sweep daily in front of the referred property. 

For additional details on enhanced street sweeping opportunities see Enhanced Street Sweeping in 

Scenario A. 

Enhanced Pump Station Maintenance: There is no pump station in this W/MA, so this control measure 

does not apply to Scenario B. 
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Enhanced Storm Drain Cleanout: There is a strong tidal influence in most of the W/MA, therefore 

enhanced storm drain infrastructure cleanout is not applicable to Scenario B. However, monitoring for 

sediment accumulation in storm drain infrastructure to assess PCBs sediment concentrations may be 

recommended. 

Enhanced Street Flushing: Opportunities for street flushing might occur along blocks with no inlets or 

storm drains, a narrow side street, or High Likelihood or “hot block” group of parcels. There could be legacy 

contaminants in the street that would make flushing better than sweeping (like a rougher road). This may 

be a low opportunity measure due to substantial costs to implement. 

Enhanced Drain Inlet Cleaning: See Enhanced Drain Inlet Cleaning in Scenario A. 

Illegal Dumping Clean-Up 

Look for construction demo debris and known illegal dumping spots like the street adjacent to the rail lines. 

Illegal dumping and high trash areas may be associated with the open air public market located in the 

central portion of the W/MA.  

Treatment Controls 

Green Infrastructure and Stormwater Treatment Controls 

Potential green infrastructure/treatment control retrofit locations include available areas in the public 

ROW near source properties and High Likelihood facilities. For example, media filters could be installed on 

the street that runs northwest/southeast and weaves between the PG&E facilities in the public ROW 

adjacent to the High Likelihood PG&E facilities (shown in red with the white double hatch in Figure 6-2).  

In addition, redevelopment is ongoing throughout the W/MA in Scenario B. As this redevelopment is 

subject to MRP Provision C.3, green infrastructure will be installed as part of the redevelopment activity.  

Diversion to POTW 

Diversion to a POTW requires locations within the public ROW where diversion structures could be installed 

and proximity to sanitary sewer lines that have adequate capacity. These conditions are not met in this 

W/MA and the treatment control measure is not applicable in Scenario B. 

Full Trash Capture 

There may be opportunities for full trash capture but not in tidal areas. There is a strong tidal influence in 

most of the W/MA and full trash capture control measures are not recommended.  
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Table 6-3: Scenario B Control Measure Scoring Scoring 

Factor Groups 

Factor 

Weighting 

(edit here) Factors 

Source 

Property 

ID and 

Abatement 

Manage PCBs 

in 

Infrastructure 

Enhanced Municipal Operation and Maintenance 

Illegal 

Dumping 

Clean-Up 

Urban Runoff Treatment Retrofits 

Street 

Sweeping 

Pump 

Station 

Maintenance 

Storm Drain 

Cleanout 

Street 

Flushing 

Drain 

Inlet 

Cleaning 

Green 

Infrastructure 

/ Treatment 

Control 

Diversion 

to POTW 

Full Trash 

Capture 

Cost 14.3% 

Low capital cost 3 

 

Not 

applicable  

 

1 

Not 

applicable 

No potential 

siting 

opportunities 

because of 

tidal influence 

3 3 3 1 

Not 

applicable 

No potential 

siting 

opportunities 

because of 

tidal 

influence 

Low implementation cost 2 2 1 3 2 1 

Low maintenance cost 2 2 3 3 3 1 

Opportunity  14.3% 
High potential for siting opportunities 3 3 2 3 2 3 

Low potential for site feasibility constraints 2 2 1 3 3 2 

Load Reduction 

Potential 
14.3% 

High area/site load reduction potential 3 3 2 3 3 3 

High overall load reduction potential 3 3 3 2 2 3 

Labor/Staff 14.3% 

Low design complexity 3 3 3 3 3 1 

Low time requirements 3 2 2 2 2 1 

Few staff and specialists required 3 2 1 3 3 1 

Low O&M time requirements 3 1 1 1 1 2 

Few staff required for O&M 3 2 3 2 2 3 

Multi-Benefit 14.3% 
High potential for control measure to meet multiple benefits 1 2 1 1 3 3 

High potential for community benefit and support 3 2 1 1 3 3 

Safety and 

Security 
14.3% 

Low likelihood of significant safety mitigation needs 3 3 3 3 3 1 

Low likelihood for theft or vandalism 3 3 3 3 3 1 

Implementation 14.3% 
Low likelihood of permitting/approval challenges due to local ordinances  3 3 3 3 3 2 

High likelihood of funding opportunities 1 1 1 1 1 3 

  100% Weighted Score 2.5 2.3 2.0 2.4 2.6 2.1 

Note: Lower Cost/Higher Potential = 3, Medium Cost/Potential = 2, Higher Cost/Lower Potential = 1. All Factor Groups are weighted equally. 
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Load Reduction and Cost Estimate 

Load reduction and cost estimates for this scenario are provided in Table 6-4. For the recommended 

control measures in Scenario B, the largest annual load reductions for PCBs and mercury are achieved by 

source property ID and abatement. Enhanced street sweeping is a lower cost option, but the annual loads 

reduced by enhanced street sweeping are substantially lower than that of source property ID. 

Table 6-4: Scenario B Costs and Load Reduction 

SCENARIO B 
Source Property ID 

and Abatement 

Enhanced Municipal 

Operation and 

Maintenance 

Green 

Infrastructure / 

Treatment 

Controls 

Street Sweeping1 Media Filter 

TREATMENT AREA/FREQUENCY 

Area Investigated/Referred (ac) 540 / 6 - - 

Area Treated (ac)   1 

Curb-Miles Treated - 0.75 - 

Annual Cleanout Frequency - - - 

LOAD REDUCTION 

PCBs (g/yr) 24.6 0.05 0.02 

Mercury (g/yr) 7.8 0.03 0.10 

COST TO ACHIEVE LOAD REDUCTION 

Units $/(g/yr) $/curb-mi/yr $/(g/yr) 

Unit Cost $16,000 $902 $53,100,000 

Cost ($)2 $393,600 $677 $796,500 

1. Assumes a street roughness of 2 and a sweeping frequency of once per 2 weeks 
2. Source Property ID and Abatement and Green Infrastructure/Treatment Controls are one-time costs and 

Enhanced Operation and Maintenance costs are annual costs. 

Total PCBs Load 
Reduced (g/yr) 

Total Mercury Load 
Reduced (g/yr) 

One Time Cost1 Annual Cost2 20-Year Life Cycle Cost3 

25 8 $1,190,100 $5,677 $1,274,552 

1. Includes Source Property ID and Abatement implementation costs and Green Infrastructure/Treatment Controls 

design and construction costs. 

2. Includes Enhanced Operation and Maintenance costs and $5,000 annual maintenance costs for Source Property 

ID and Abatement and Green Infrastructure/Treatment controls. 

3.  Assumes 3% rate of inflation over 20 years. Total present value is shown, which is the sum of the one-time cost 

and the present value of the 20 years of annual cost. 
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Scenario C – Old Urban W/MA 

General Description 

Scenario C is a W/MA that consists primarily of Old Urban areas with open space and New Urban areas to 

the east and west of the active railroad (Figure 6-3). The Old Urban areas (shown in orange shading) are a 

mix of residential, commercial, and/or industrial land uses. There are very few open, vegetated lots in the 

Old Urban area, although there are mature trees interspersed between buildings and along streets 

throughout the Old Urban area. The Open/New Urban areas (shown in green shading) consist of large, 

vegetated areas (e.g., in the central portion of the W/MA, northwest of the railroad), and a mix of 

commercial and/or industrial areas. An active railroad (shown in black cross hatch) runs through the W/MA 

in a northeast/southwest direction. There are several existing full trash capture devices located along the 

public ROW throughout the W/MA. There are no Old Industrial areas in the W/MA.  

Source Controls 

Source Property Identification and Abatement 

There are no High Likelihood Old Industrial areas or utility parcels in this W/MA. Therefore, source property 

referral to the Regional Water Board is not recommended and has not been included as a control measure 

for Scenario C.  

Manage PCBs in Building Materials 

See Manage PCBs in Building Materials in Scenario A. 

Manage PCBs in Infrastructure 

See Manage PCBs in Infrastructure in Scenario A. 

Enhanced Operation & Maintenance (O&M) 

Enhanced Street Sweeping: Open paved lots with sediment, high trash generating areas, areas known for 

illegal dumping, areas adjacent to historic and active rail lines are potential locations to enhance street 

sweeping. Enhanced street sweeping to once per 4 weeks is recommended in this W/MA targeting the 

areas adjacent to the rail line along the ROW where no street sweeping is currently being conducted (see 

inset on Figure 6-3). 

Enhanced Pump Station Maintenance: There is no pump station in this W/MA, therefore this control 

measure does not apply to Scenario C. 

Enhanced Storm Drain Infrastructure Cleanout: There are no source properties or legacy cleanup sites in 

this W/MA. Enhanced storm drain infrastructure cleanout is not recommended for Scenario C. 

Enhanced Street Flushing: There are no High Likelihood parcels or concentrated “hot spot” blocks in this 

W/MA. Therefore, this control measure is not recommended for Scenario C. 
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Enhanced Drain Inlet Cleaning: There are no source properties or High Likelihood areas in this W/MA. 

Enhanced drain inlet cleaning is not recommended for Scenario C.  

Illegal Dumping Clean-Up 

There may potentially be illegal dumping spots in areas adjacent to rail lines.  

Treatment Controls 

Green infrastructure and Stormwater Treatment Controls 

As there are no source properties or High Likelihood parcels in this W/MA, treatment control retrofit is not 

recommended for Scenario C.  

Redevelopment is ongoing throughout the commercial and multi-family areas in this W/MA and is the 

predominant control measure suggested for this scenario. As this redevelopment is subject to MRP 

Provision C.3, green infrastructure will be installed as part of the redevelopment activity.  

Diversion to POTW 

Diversion to POTW conditions (see Diversion to POTW in Section B) are not met in this W/MA and this 

treatment control measure is not applicable in Scenario C. 

Full Trash Capture 

There are currently several full trash capture devices that are present throughout the W/MA in the existing 

storm drain system. There may be opportunities for additional full trash capture devices for the purposes 

of complying with the trash capture requirements of the MRP.  
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Table 6-5: Scenario C Control Measure Scoring Scoring 

Factor Groups 

Factor 

Weighting 

(edit here) Factors 

Source 

Property 

ID and 

Abatement 

Manage PCBs 

in 

Infrastructure 

Enhanced Municipal Operation and Maintenance 

Illegal 

Dumping 

Clean-Up 

Urban Runoff Treatment Retrofits 

Street 

Sweeping 

Pump 

Station 

Maintenance 

Storm 

Drain 

Cleanout 

Street 

Flushing 

Drain Inlet 

Cleaning 

Green 

Infrastructure 

/ Treatment 

Control 

Diversion 

to POTW 

Full Trash 

Capture 

Cost 14.3% 

Low capital cost 

Not 

applicable 

Not 

applicable 

1 

Not 

applicable 

Not 

applicable 

Not 

applicable 

Not 

applicable 

3 1 

Not 

applicable 

1 

Low implementation cost 2 2 1 1 

Low maintenance cost 2 3 1 1 

Opportunity  14.3% 
High potential for siting opportunities 1 2 2 3 

Low potential for site feasibility constraints 2 3 2 3 

Load Reduction 

Potential 
14.3% 

High area/site load reduction potential 3 3 3 2 

High overall load reduction potential 3 2 3 2 

Labor/Staff 14.3% 

Low design complexity 3 3 1 2 

Low time requirements 2 2 1 2 

Few staff and specialists required 2 3 1 1 

Low O&M time requirements 1 1 2 2 

Few staff required for O&M 2 2 3 2 

Multi-Benefit 14.3% 
High potential for control measure to meet multiple benefits 2 3 3 3 

High potential for community benefit and support 2 3 3 3 

Safety and 

Security 
14.3% 

Low likelihood of significant safety mitigation needs 3 3 1 3 

Low likelihood for theft or vandalism 3 3 1 3 

Implementation 14.3% 
Low likelihood of permitting/approval challenges due to local ordinances  3 3 2 3 

High likelihood of funding opportunities 1 1 3 2 

  100% Weighted Score 2.2 2.6 2.0 2.3 

Note: Lower Cost/Higher Potential = 3, Medium Cost/Potential = 2, Higher Cost/Lower Potential = 1. All Factor Groups are weighted equally. 
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Load Reduction and Cost Estimate 

Enhanced street sweeping along rail lines is the only estimated control measure for annual load reduction and 

cost in this Scenario. With relatively low annual costs, PCBs and mercury can be reduced in areas adjacent to 

rail lines. 

Table 6-6: Scenario C Costs and Load Reduction 

SCENARIO C Enhanced Municipal Operation and Maintenance 

Street Sweeping1 

TREATMENT AREA/FREQUENCY 

Curb-Miles Treated 3 

LOAD REDUCTION 

PCBs (g/yr) 0.16 

Mercury (g/yr) 0.12 

COST TO ACHIEVE LOAD REDUCTION 

Units $/curb-mi/yr 

Unit Cost $451 

Annual Cost ($) $1,353 
1Assumes a rough street texture and a sweeping frequency of once per 4 weeks (street sweeping was not previously 

conducted in this area). 

Total PCBs Load 
Reduced (g/yr) 

Total Mercury Load 
Reduced (g/yr) 

Total Annual Cost 20-Year Life Cycle Cost1 

0.2 0.1 $1,353 $20,129 

1. Assumes 3% rate of inflation over 20 years. Total present value is shown, which is the present value of the 20 years of 

annual cost. 
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SECTION 7: IMPLEMENTATION GUIDANCE 

Source Property Identification and Referral 

The results of the CW4CB source property identification and referral pilot projects clearly identify this as 

the most cost effective control measure among those tested at reducing stormwater loads of PCBs and 

mercury to the San Francisco Bay, as it directly addresses elevated sources of these pollutants. While the 

overall potential load reduction effectiveness across the Bay Area of the source property investigations 

may be limited, as only seven source properties were identified out of nearly 100 on-site investigations 

during the CW4CB pilot studies, the CW4CB pilot projects successfully established methodologies that 

municipalities have continued to use since 2014 to search for source properties that have high potential 

for contributing PCBs or mercury to municipal stormwater conveyance systems and referring these 

properties to the Regional Water Board for follow-up investigation and abatement. Recommendations for 

future implementation of source property identification and referral that arise from the CW4CB lessons 

learned include: 

• In order to narrow the search for source properties, future investigations should continue to target 

Old Industrial land use areas. 

• Conduct virtual screening of older industrialized areas using visual assessment to identify smaller 

areas of likely sources for targeted field investigation and monitoring. 

• Public ROW sampling can be used to identify specific catchments within likely source areas 

identified through initial screening. Individual properties in those catchments can then be targeted 

for more intense investigation, if warranted, such as conducting inspections and collecting samples 

on private property. In addition, public ROW samples may identify areas in the storm drain system 

that have both elevated sediment concentrations and sediment accumulation that could be 

targeted for enhanced municipal O&M measures. 

• Previously identified contaminated sites that include PCBs and have undergone remediation may 

continue to release PCBs to the storm drain system at concentrations that exceed TMDL-related 

goals. These types of properties should be investigated as potential source properties. Railroads 

and metal recycling/shredding facilities are also likely candidate source properties. 

• When trying to locate specific source properties in a catchment with known elevated 

concentrations, be aware that the current business usage and/or the existence of well maintained, 

paved surfaces do not rule out the possibility that PCBs in subsurface soils may be entering the 

storm drain system via cracks/leaks in underground storm drain system components.  

• Gaining access to private properties for inspections and/or soil/sediment sample collection poses 

difficulties when property occupants/owners are not cooperative, are unresponsive, or cannot be 

identified. In such cases, seek assistance from the Regional Water Board or other relevant 

regulatory agencies. 
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• When planning and budgeting, include future investigations of suspected source properties that 

could not be addressed during initial investigations, in order to confirm or deny them as a source. 

For example, a lack of an adequate volume of soil/sediment in public ROW areas adjacent to the 

property at the time of sample collection and/or the inability to access storm drain inlets in the 

public ROW at the time of sample collection. The latter situation might arise because of parked cars 

blocking access and would require additional investigation of the suspected source property in the 

future. 

Enhanced Municipal Operation and Maintenance 

The cost effectiveness analysis for the enhanced operation and maintenance control measure pilot projects 

shows that the lowest cost enhanced operation and maintenance control measure for reducing PCBs is 

storm drain system cleaning, especially in a location that collects runoff from a source property such as 

Leo Avenue in San Jose. Although there are likely limited locations where benefits would be as high as 

those achieved during the CW4CB pilot project cleanout, enhanced pump station maintenance and 

enhanced street sweeping were also found to be much more cost effective per mass of pollutant reduced 

than street flushing and capture. Recommendations are provided below, as a result of the enhanced 

operation and maintenance pilot projects lessons learned. 

Street Sweeping 

• Some Old Industrial areas may not be swept, as evidenced by the Hoffman Boulevard, Richmond 

pilot study site, where street sweeping was initiated to conduct the pilot study. Transitioning from 

a no-sweeping to sweeping condition was the most effective street sweeping scenario for reducing 

PCBS and mercury loads. 

• Street sweeping with regenerative air or vacuum-assisted sweepers is more effective at removing 

sediment mass than mechanical broom sweepers. Because the mass of PCBs and mercury removed 

using mechanical broom sweepers could not be evaluated as part of the study, the effectiveness 

comparison between regenerative air/vacuum-assisted sweepers and mechanical broom sweepers 

is limited to sediment mass removal.  

• For sediment removal (for sediment alone not accounting for PCBs and mercury removal), mass 

removal effectiveness increases with sweeping frequency for vacuum-assisted and mechanical 

broom sweepers; therefore, based on the scenarios evaluated, sweeping twice per week is most 

effective for sediment removal.  

• For vacuum-assisted sweepers, based on the sweeping frequencies evaluated for the study, 

increasing the frequency from monthly to weekly did not yield any benefits for mercury mass 

removal, and did not yield significant benefits for PCBs (i.e., less than 10% improvement in mass 

removal). Therefore, a monthly sweeping frequency is recommended for reducing PCBs and 

mercury mass.  
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• Regardless of the sweeping frequency, street seeping does not appear to be a cost-effective means 

of mercury or PCBs load reduction on a watershed scale. However, sweeping is likely cost-effective 

for removing PCBs and mercury mass from smaller targeted areas. An example would be sweeping 

in front of a specific parcel that is discharging sediment with potentially elevated PCBs and/or 

mercury concentrations.   

Enhanced Pump Station Maintenance 

• The normalized load reductions achieved by the CW4CB pilot project were small due to the large 

size of the watershed, but the cost per mass removed was comparable to the enhanced street 

sweeping and storm drain line cleanout control measures.  

• It is recommended that municipalities continue to assess opportunities for enhanced maintenance 

at other pump stations throughout the Bay Area. 

Video Inspection and Storm Drain Line Cleaning 

• Permittees are encouraged to actively search out and identify locations in storm drain 

infrastructure that lend themselves to one-time or periodic cleanouts, especially in areas that are 

likely to have elevated PCBs or mercury concentrations such as Old Industrial land-use areas, or in 

storm drain infrastructure downstream of identified source properties. 

• Video inspection of the storm drain line should be used to provide information on where sediment 

has accumulated in the system and to identify potential sources of soil/sediment accumulation in 

the line, including both private properties contributing excess sediment to the main line via laterals 

and infiltration of adjacent soils through cracks or joint separations in the storm drain pipes. 

• If sediment with elevated pollutant concentrations continues to accumulate in the storm drain line 

after the cleanout, additional periodic cleanouts are recommended to further reduce pollutant 

loads.  

• When budgeting for this activity, plan for the cost to dispose of the sediment removed from the 

line during cleanout; if the sediment pollutant concentrations are high enough to warrant 

hazardous waste disposal (≥ 50ppm), disposal costs will be higher. However, any location where 

sediment concentrations in the storm drain line are elevated to this degree clearly warrants further 

action, as this is a strong indication that there is a nearby source that needs to be identified and 

controlled.  

Street Flush and Capture 

• This control measure is generally not recommended for ongoing implementation based on its high 

unit cost in comparison to enhanced street sweeping. Additionally, various site constraints limit the 

practicality of street flush and capture to locations where disturbances to parking, traffic flow, and 

business activities are minimal, which is not typical of the Old Industrial areas that are likely sources 

of elevated PCBs and mercury into the storm drain system.  
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• While the high costs and other constraints will necessarily limit or preclude street flush and capture, 

one advantage to this control measure is that pollutant mass removal is more immediately 

compared to street sweeping. This is because a one-time street flushing event can remove as much 

PCBs or mercury mass from a given roadway segment as an entire year’s worth of twice weekly 

sweeping of that same roadway segment.  

• Thus, there may be circumstances under which Permittees may want to consider limited street 

flush and capture if immediate mass load reduction is a desirable outcome, especially if all of the 

following conditions can also be met:  

o If application on relatively small roadway sections where street dirt pollutant 

concentrations are elevated, such as adjacent to a source property; 

o  If access to a clean water (e.g., recycled water) and waste water disposal (e.g., permitted 

discharge to a sanitary sewer line) are readily available;  

o if the area has limited traffic such that flushing would not be overly burdensome for local 

residents and surrounding businesses; and  

o If the municipality already owns the type of equipment needed and has staff available to 

conduct the project.  

• However, because street flush and capture will likely be more costly to achieve similar annual PCBs 

and mercury load reductions compared with street sweeping, the practical application of this 

control measure will likely be limited.  

Urban Runoff Treatment Retrofits 

Recommendations for treatment retrofit control measure selection, based on the load reduction analysis 

for the monitored pilot projects, include: 

• Attempt to site retrofit facilities in areas with the highest pollutant loadings. 

• Allow for infiltration only where there are relatively well draining soils, but avoiding areas where 

there is native soil contamination from previous or ongoing industrial activities. Where infiltration 

is allowable, promote infiltration in order to maximize load reduction. 

• The load reductions afforded by bioretention with an underdrain are comparable to flow-based 

proprietary treatment control measures such as tree wells and cartridge filters; however, the cost 

effectiveness of the tree well and cartridge filters is greater. Therefore, treatment control measure 

selection should consider the site constraints, costs, maximum potential pollutant load reduction 

achievable (effluent water quality), ability to treat other pollutants, such as trash, and other factors 

when selecting the specific treatment control measure type for a given location. 
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General recommendations to consider for stormwater treatment retrofit facilities before or during design 

and construction include: 

• Prior to design, an examination of tidal conditions should be conducted to identify whether there 

is the potential for tidal influences to affect performance and/or monitoring.  

• Prior to design, identify any properties adjacent to or upstream of the proposed project site with 

the potential to impact the project (e.g., excessive contribution of sediment). 

• Prior to construction, investigate potential utility conflicts as thoroughly as possible. Utility conflicts 

caused delays and changes in design and impacted costs at many of the pilot projects. 

• Prior to design and/or construction, wet weather monitoring should occur to verify the facility 

drainage area. This can be conducted by monitoring the flow in the gutter where the facility would 

be located and by observation/measurement of the drainage area during storms. Composite 

sampling for PCBs may also indicate the potential for cost-effective performance.  

• Prior to performance monitoring, perform a wet-weather facility check to confirm that the system 

is functioning appropriately and take appropriate maintenance steps as needed.  

• If possible, select designers and contractors that are experienced with the design and construction 

of stormwater treatment retrofit facilities. 

• If possible, chose a location that minimizes or eliminates the need to obtain 3rd party permits. Allow 

for extra time for obtaining necessary permits, if required.  

Specific recommendations related to the lessons learned on the treatment retrofit pilot projects include: 

• Treatment control retrofit designs should address the unique site conditions that are encountered 

in Old Industrial areas, such as potential for contaminated soils, concerns of property owners 

regarding driveway access by trucks, and utility conflicts.  

• Inlet designs (curb cuts and gutters) should promote inflow into the facility and minimize bypass.  

• If possible, choose a design that drains through a vertical standpipe from the top to increase 

residence time and promote more infiltration even in slow native soil areas. 

• Assistance during construction management and inspections by personnel with appropriate 

experience and expertise with bioretention facilities should be provided to municipal staff that lack 

expertise in the design and construction of stormwater treatment retrofit facilities. Such assistance 

can prevent facilities from being constructed with design deviations that negatively affect the 

pollutant reduction performance of the facility. 

• If subsurface soils in the vicinity of a proposed project with a bioretention with an underdrain, are 

found to be contaminated, those soils should be remediated prior to installation of the facility. In 

addition, specific design measures should be taken to prevent migration of any residual pollutants 
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into the underdrain such as lining the facility, or use an enclosed system, manufactured device in 

high risk locations.  

• When siting bioretention facilities in Old Industrial areas, consider the potential for excessive 

sediment loads from upstream properties to cause clogging at the inlets and excess sediment 

deposition within the facility. Either source control or pretreatment to reduce excessive sediment 

loading into the facility should be provided in this situation.  

• When siting retrofit facilities, consider the potential for extensive underground utilities in a 

proposed location to interfere with construction of the facility. Where utility conflicts are not too 

extensive, bioretention sizing may be reduced in width and segmented as necessary to avoid 

utilities and light poles.  

• Consider the time required to obtain permits and approvals from other agencies when scheduling 

a project. For example, if a green street retrofit project involves funding from the Federal aid 

process administered by Caltrans, plan for the volume of documentation, time required for Caltrans 

review, and changing requirements needed to obtain an “Authorization to 

Proceed”. Encroachment permits may be particularly difficult to obtain for certain types of 

properties (e.g., railroads). 

• The project team should work with the local agency with jurisdiction to coordinate with residents 

in the neighborhood not only for their approval, but also to educate, understand their concerns, 

and obtain feedback.  

• A maintenance period following construction should be incorporated into the contractor’s 

schedule, such as a 6-month post-construction period. 

Additional Cost Data 

Additional cost data for treatment control retrofit projects are provided in Table 7-1 below. These data are 

a compilation of costs for retrofit projects that have been constructed in Southern California in 

combination with the CW4CB project cost data. Combined the data suggest that regional projects are 

associated with the lowest costs. Note that the costs for these projects are primarily from one-time pilot 

projects. Additional cost savings may be achievable if multiple projects are designed at once, a common 

blueprint or standard design is used, the project is part of the road retrofit, the project is part of a 

public/private partnership, or other factors. 
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Table 7-1: Treatment Control Project Cost Summary1,2 

Project Type 
Number of 

Projects 
Design and Construction Cost ($ USD/acre treated) 

Minimum Median Maximum Average 

Green Street 7 $34,200 $128,000 $1,180,000 $280,000 

Distributed Green 
Infrastructure 

17 $30,500 $134,000 $384,000 $167,000 

Regional Stormwater 
Control 

10 $12,000 $26,400 $64,200 $31,300 

All Projects 34 $12,000 $98,300 $1,180,000 $151,000 

1Cost analysis includes CW4CB projects and completed projects from Proposition O (City of Los Angeles), which was 

initiated in 2004. 
230% of the known construction cost was applied to estimate the design cost for those projects that lacked actual 

design cost data.  

Treatment Control Monitoring Considerations 

Effective monitoring must focus on answering practical management questions to avoid the costly 

collection of data that is either misleading or inconclusive. Always allow for a literature review and 

consultation with practitioners to verify that perceived information gaps cannot be satisfied by previous 

studies and experience. Often effective monitoring must obtain a “critical mass” of data to draw 

conclusions, so less comprehensive monitoring efforts should be avoided, except as part of a phased 

approach to monitoring as budget allows. Consider partnering to reduce costs and expand candidate 

locations to find the best sites to answer the management questions.  

A study plan will help obtain useful data within constraints such as budget and schedule. Study plans 

typically contain an analysis of management questions and a description of corresponding information 

gaps. The study plan also summarizes the results of the literature review that was used to validate 

information gaps.  An assessment of information gaps, pollutant removal mechanisms, and treatment 

control design is used in the study plan to identify data needs for a particular treatment control technology. 

Data needs inform the equipment selection and monitoring approach. A sampling and analysis plan will 

identify field and laboratory procedures to meet the data objectives described in the study plan. 

Attachment B provides additional considerations for study design and monitoring of treatment controls. 

Summary 

In summary, the information provided in this guidance may be used by MRP Permittees to assist in 

selecting among various types of PCBs and mercury control measures (or combinations of controls) for 

implementation at the watershed, neighborhood, street, and site scales. Each Permittee should apply and 

adapt the information in this guidance in order to effectively implement it in its jurisdiction. The main take-

home message from the lessons learned from the CW4CB project is that if a Permittee has Old Industrial 
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in its jurisdiction, then it should focus its efforts on identifying and referring source properties. The control 

measure with the largest load reduction potential is source property identification and referral with the 

other source control measures to be implemented based on site-specific conditions within the jurisdiction. 

Permittees can find extensive information supporting this guidance document, as well as the CW4CB Final 

Project Report, on the CW4CB website (http://basmaa.org/Clean-Watersheds-for-a-Clean-Bay-Project). 

 

http://basmaa.org/Clean-Watersheds-for-a-Clean-Bay-Project
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Acronyms and Abbreviations 

BASMAA Bay Area Stormwater Management Agencies Association 

BMP Best Management Practice 

BSM bioretention soil mix 

Caltrans California Department of Transportation 

CEDEN California Environmental Data Exchange Network 

CW4CB Clean Watersheds for a Clean Bay 

DTSC California Department of Toxic Substance Control 

EPA Environmental Protection Agency 

ESPS Ettie Street Pump Station 

FY Fiscal Year 

g gram 

HAT Hydrologic Analysis Tool 

HDS Hydrodynamic separator unit 

Hg  mercury 

HgS mercuric sulphide (called cinnabar) 

IGP California Industrial General Permit 

kg kilogram (equivalent to 2.205 pounds) 

lb. pound 

LCD liquid-crystal-display 

LID low impact development 

mi mile 

mg milligrams 

MRP Municipal Regional Stormwater NPDES Permit 

MS4 Municipal Separate Storm Sewer System 

MT metric ton (equivalent to 1.102 U.S. tons or 2,205 pounds) 

NPDES National Pollutant Discharge Elimination System 

O&M Operation and Maintenance  

PAHs polycyclic aromatic hydrocarbons 

PCBs polychlorinated biphenyls  
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Acronyms and Abbreviations 

 

PCPS Pulgas Creek Pump Station 

PG&E Pacific Gas & Electric Company 

POTWs Publicly Owned Treatment Works 

ppm parts per million  

PSGM Caltrans Pilot Study Guidance Manual 

PVC polyvinyl chloride 

ROW right of way 

RWB Regional Water Board 

SFBRWQCB San Francisco Bay Regional Water Quality Control Board 

SFEI San Francisco Estuary Institute 

SQDV Stormwater Quality Design Volume 

TGM Technical Guidance Manual 

TMDL Total Maximum Daily Load 

U.S. United States 

W/MA Watershed Management Area 

yr year 
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Glossary of Terms 

Baseline 
A defined line or standard from which effectiveness can be measured or 
compared. 

Best Management 
Practice (BMP) 

Any activity, technology process, operational method or measure, or engineered 
system, which when implemented prevents, controls, removes, or reduces 
pollution. A BMP is also referred to as control measure. 

Bypass Intentional diversion of waste streams from a treatment or pretreatment facility. 

Conceptual Model 
A model that explicitly describes and graphically represents all existing 
knowledge on the sources of a pollutant, its fate and transport, and its effects in 
the ecosystem. 

Control Measure 

Any action that results in the reduction or prevention of stormwater pollution. 
Control measures include discontinuing the use of a pollutant-containing 
product, preventing the release of the product or the pollutant into runoff, and 
treating runoff containing the pollutant prior to its entering or leaving the 
stormwater drainage system. 

Discharge 
A release or flow of stormwater or other substance from a conveyance system 
or storage container. 

Effectiveness 
(Regarding treatment BMPs) A measure of how well a BMP system meets its 
goals for all stormwater flows reaching the BMP site, including flow bypasses. 

Full capture device 

A treatment control that traps all particles 5mm or greater, and has a design 
treatment capacity that is either a) not less than the peak flow rate resulting from 
a one-year, one-hour storm in the subdrainage area or b) appropriately sized to, 
and designed to carry at least the same flows as the corresponding storm drain. 

Green 
Infrastructure 

Infrastructure that uses vegetation, soils, and natural processes to manage water 
and create healthier urban environments. At the scale of the city or county, green 
infrastructure refers to the patchwork of natural areas that provides habitat, 
flood protection, cleaner air, and cleaner water. At the scale of a neighborhood 
or site, green infrastructure refers to stormwater management systems that 
mimic nature by soaking up and storing water. 

Illegal Dumping 

Act of improperly and illegally disposing of waste items, typically in large 
volumes, in the environment. Illegal dumping primarily occurs to avoid disposal 
fees or the time, cost, and effort required for proper disposal of items that are 
not permitted in waste containers (furniture, appliances, hazardous materials, 
etc.). 
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Institutional 
Control 

The attempt to change civic behavior and institutional management or 
operations through government regulation/mandate, persuasion, and/or 
economic incentives. While some institutional control measures involve physical 
devices (i.e. street sweeping), it is the optimization of the management of that 
device that forms an institutional control measure. 

Low Impact 
Development 

An approach to stormwater management that mimics natural processes through 
infiltration, evapotranspiration, or reuse of stormwater at the site and regional 
scale. 

Overflow To be filled beyond the design capacity of a BMP. 

Polychlorinated 
biphenyls (PCBs) 

A family of chlorinated organic compounds formed by two benzene rings linked 
by a single carbon-carbon bond. PCBs are synthetic organic compounds with 
strong affinity to sediment particles 

Performance 
Regarding treatment BMPs: A measure of how well a treatment BMP meets its 
goals for storm water that flows through, or is processed by it. 

Pollutant 
A substance introduced into the environment that adversely affects or 
potentially affects the usefulness of a resource. 

Pollutant Load The mass of a pollutant discharged into or from a receiving water body. 

Receiving Waters Water bodies receiving discharges from municipal stormwater drainage systems. 

Source Control 
Measures 

Any schedules of activities, structural devices, prohibitions of practices, 
maintenance procedures, managerial practices or operational practices that aim 
to prevent stormwater pollution by reducing the potential for contamination at 
the source of pollution. 

Stormwater 
Runoff from roofs, roads and other surfaces that is generated during rainfall and 
snow events and flows into a stormwater drainage system. 

Stormwater 
Quality Design 
Volume (SQDV) 

Estimated total stormwater runoff volume (e.g. acre-feet) generated from a 
specific drainage area and a given design storm (e.g. the 85th percentile, 24-hour 
rain event) when sizing a structural stormwater control measure. 

Total Load 
Total mass of a given substance entering a water body over a given time period 
(e.g., tons of trash per year). 

Total Maximum 
Daily Load (TMDL) 

The calculation of the maximum amount of a pollutant that a water body can 
receive and still meet water quality standards, and an allocation of that amount 
to the pollutant's sources. 
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Glossary of Terms 

Treatment Control 

Any engineered system designed to remove pollutants by simple gravity settling 
of particulate pollutants, filtration, biological uptake, media adsorption or any 
other physical, biological, or chemical process. This term can also be referred to 
as a treatment measure, treatment control measure, or treatment control BMP. 
Proprietary treatment controls are manufactured devices that are engineered 
for specific applications or targeted constituents. Non-proprietary treatment 
controls include landscape-based measures that are more generic in applications 
and may tend to be effective for a relatively wider range of constituents. 
Treatment controls include green infrastructure, but not all treatment controls are 
green infrastructure (see Green Infrastructure). 

Urban Runoff 
All flows in a stormwater drainage system consisting of stormwater (wet weather 
flows) and non-stormwater discharges (dry weather flows). 

Watershed 
A defined area of land that catches rain and snow and drains or seeps into a 
common marsh, stream, river, lake or groundwater. 
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ATTACHMENT B: CONSIDERATIONS FOR TREATMENT CONTROL 

STUDY DESIGN AND MONITORING 

This section presents considerations for designing a monitoring program for treatment control retrofit 

projects (including green infrastructure). These considerations are based on existing guidelines and on the 

challenges and lessons learned from the CW4CB pilot projects. The examples assume a municipal program 

to strategically implement treatment retrofits targeting cost-effective POC reduction as presented in the 

Guidance to San Francisco Bay Area Local Agencies for Reducing Polychlorinated Biphenyls (PCBs) and 

Mercury in Municipal Stormwater Runoff. Although the monitoring guidance and examples focus on 

treatment retrofits, the study design principles can be applied to the assessment of many other stormwater 

management questions. 

Monitoring treatment controls generally aim to support one or both of the following objectives: 

1. Treatment technology development or improvement. Development is focused on testing new 

technologies lacking previous studies, which can require substantial data collection efforts on 

hydraulic performance, pollutant performance, cost, maintenance, and siting limitations. 

Improvement is focused on adapting existing treatment controls to decrease siting constraints (e.g., 

shallower or smaller footprint), increase performance (e.g., media variations), or increase 

sustainability (e.g., decrease maintenance requirements). Literature reviews are helpful in 

developing new or improved treatment controls, as is local feedback reporting on treatment 

controls implementation. 

2. Improved watershed modeling accuracy. Watershed modeling is focused on estimating load 

reductions achieved with treatment controls that allow Permittees to take appropriate load 

reduction credits. Watershed modeling requires information on treatment control concentration 

performance and hydraulic performance for different application scenarios.  

The remainder of this attachment discusses key components for developing and implementing a useful 

study design, including prioritizing data needs based on management questions, budget optimization, 

adaptive management, site selection, monitoring protocols, data management, and data analysis. 

Management Questions, Information Gaps, and Prioritized Data 

Needs 

The following steps are used to identify data needs:  

1. Describe management question or objective (e.g., improve media performance) 

2. Identify information gaps for a new technology or application scenario (e.g., unknown 

concentration performance) 
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3. Verify information gaps via literature review and outreach and determine whether existing 

information is sufficient to eliminate the need for monitoring 

4. Estimate primary data needs (i.e., data type, sample size, etc.) based on estimates of variability and 

purpose of the data 

5. Prioritize all data needs and allocate budget to maximize likelihood of successfully addressing 

management questions 

Stormwater management questions should be practical and relate to the selection, design, siting, 

performance, or ease of maintenance of treatment controls. The Caltrans Pilot Study Guidance Manual 

(PSGM)1 offers direction to identify practical management questions based on existing data. Data needs 

should be carefully considered. Data gaps do not always address practical information gaps. For example, 

there are infinite variations on bioretention mix design, but not all mixes are practical. Other factors, such 

as cost, availability, plant health, aesthetics, water holding capacity, and hydraulic conductivity are 

practical constraints that limit the number of mixes tested.  

Verifying that an adaptation of established treatment control technology is performing within an expected 

range usually requires less monitoring data than establishing the performance of a new treatment control 

concept. Generally, small adaptations of existing practices also result in fewer high priority data needs 

compared to testing new treatment control technology. For example, an alternative green infrastructure 

layout using existing bioretention soil mix (BSM) will place a higher priority on flow data than on water 

quality data, whereas testing additives to BSM may prioritize water quality data over flow data. For new 

treatment controls, both flow and water quality data are high priorities. A few select monitoring scenarios 

and corresponding data priorities are identified in Table B-1.  

Table B-1: Examples of monitoring scenarios and the resulting primary and secondary data priorities 

Monitoring Scenario Primary Data Priorities Secondary Data Priorities 

Adapting bioretention layout to 
improve tree health using 
existing (BSM) 

Hydraulic capacity/drawdown 
time 

Concentrations 

New treatment control 
technology 

• Concentrations 

• Hydraulic 
capacity/drawdown time 

 

New additive to BSM to enhance 
removal of PCBs  

Concentrations 
Hydraulic capacity/Drawdown 
time 

 

The PSGM also describes how to use statistical tools to select a target sample size (i.e., number of storm 

events) by using estimates of data variability and the expected effect (e.g., change in concentration). To 

                                                      

1 http://www.dot.ca.gov/hq/env/stormwater/pdf/CTSW-RT-06-171-02-1.pdf.  

http://www.dot.ca.gov/hq/env/stormwater/pdf/CTSW-RT-06-171-02-1.pdf
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see smaller changes with a high degree of confidence, more data is required. So, demonstrating a 

difference in performance between two similar treatment technologies generally requires a larger sample 

size than demonstrating treatment effectiveness for individual systems (i.e., showing a reduction greater 

than zero). This increase in sample size is because the expected effect (e.g., change in effluent 

concentration) between two technologies is usually smaller than the expected effect (e.g., difference in 

the influent and effluent) of a single technology. If statistical significance is critical to answering the 

management questions, insufficient sample size may result in a statistically inconclusive study. If point 

estimates are a sufficient study outcome (i.e., statistical tests of significance are not critical), sample size is 

less critical. Table B-2 lists the advantages and disadvantages of differing sample size. 

Table B-2: Advantages and disadvantages of sample size 

 
Smaller sample size 

Larger (statistically-based) 
sample size 

Advantages 

• Low cost 

• Shorter study durations 

• Allows performance spot-
check against expected 
performance range 

• Results more transferrable 
to other sites 

• Allows performance ranges 

• Higher confidence in point 
estimates 

Disadvantages 

• Spot check requires data 
from other studies to 
develop expected 
performance range 

• Results less transferable to 
other sites 

• Low confidence as a point 
estimate 

• Higher cost 

• Longer schedule 
 

 

Optimization and Adaptive Management 

Budget, schedule, and weather are common constraints on monitoring programs. Prioritizing data needs 

can help optimize the monitoring plan for these constraints and allow for adaptation to changing 

conditions. The schedule can be driven by funding sources or permit deadlines. Design changes to 

accommodate monitoring, equipment ordering and installation, and number of storm events monitored 

can be limited by the schedule. Early coordination between the design and monitoring teams can minimize 

these constraints. Budget and weather are discussed below. 

Optimizing Between Full-storm Monitoring and Sample Size within Budget Constraints 

In most cases, monitoring budgets are allocated prior to completion of a study design. Consequently, the 

monitoring design must establish priorities among the data needs. For example, full-storm (i.e., over the 

entire hydrograph) monitoring of flow and water quality is always preferred to assess both concentration 
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and volume reduction performance most accurately. However, budget limitations may require 

consideration of the tradeoffs between full-storm monitoring of fewer events or partial-storm monitoring 

of more events, as was the case for the CW4CB pilot projects. Partial-storm monitoring greatly limits the 

accuracy of flow and volume data used to determine hydraulic capacity. In addition, some loss of accuracy 

in event mean concentrations is also expected. Conversely, monitoring fewer storms limits conclusions on 

concentration reduction and comparison among retrofit types. For hydraulic performance, volume 

reduction can be modeled based on known properties of filtration media. However, because of the current 

lack of an established surrogate for PCBs, existing performance characterization data are not very useful 

for concentration analysis. For CW4CB, concentration reduction performance was valued over hydraulic 

performance and, consequently, partial-storm monitoring of more events was selected over full-storm 

monitoring of fewer events. As concentration performance is established, a greater priority should be 

placed on hydraulic performance and full-storm monitoring.  

The type of equipment used for flow monitoring may also be constrained. Continuous flow monitoring 

using calibrated weirs or flumes is ideal and augmentation with depth measurements within ponding areas 

is useful to measure saturated hydraulic conductivity. In the CW4CB project, the design and construction 

schedule and the retrofit nature of the pilot testing limited the use of primary flow measurement devices 

(i.e., weirs and flumes) in almost every case. This limitation in flow measurement accuracy also played into 

the decision to reduce the period of monitoring for individual events to focus more on concentration 

performance and rely on knowledge of media properties to model volume reduction. Full-storm 

monitoring would only marginally improve the accuracy of flow analysis due to limitations in the flow 

measurement methods that were used in the study. 

Adaptive Management 

Weather is unpredictable, especially over the short term of a monitoring season. Storm size and frequency 

generally limited successful sampling in the CW4CB study to 4 to 6 storm events per wet season. If more 

events are needed at a single location, additional wet seasons monitoring should be planned.  

Drought conditions can increase pressure to meet the targeted number of storm events within a short 

period of time. This can require adjustments to the type and size of storm that is targeted for monitoring. 

This can also strain staffing resources. In a typical year, monitoring crews often will plan to cycle through 

monitoring locations across the wet season to meet the targeted number of storm events. In drought 

conditions, every storm late in a wet season may be targeted, but staffing limitations may prevent 

concurrent monitoring at all locations. Use of automated equipment might allow crews to cover multiple 

locations. 

The study plan can also be adapted based on monitoring results. For example, after a few storms of non-

detect results for a certain constituent, the study team should consider changing the analysis method to 

lower the reporting limit, if feasible. Or, if results below the current reporting limit do not relate to the 

management questions, the study team may remove the constituent from future analysis. Or, if results 
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above the current reporting limit are needed to fill a critical data need, the study team may need to find 

an alternative monitoring location. 

Site Selection 

Not every treatment control installation will yield high value data. Controlling study factors and selecting 

representative sites are important requirements for obtaining useful monitoring data, as described below. 

Early collaboration with the treatment control design team greatly increases the viability of a site for 

monitoring. 

Controlling Study Factors 

Good candidate sites for treatment control monitoring limit the number of factors being studied relative 

to the total number of installations being monitored. The PSGM discusses proper control of these factors. 

The study design should identify and control the major factors being tested. Generally, multiple factors will 

require multiple treatment control locations, as it is difficult to distinguish between two or more factors at 

a single location. Factor interaction (e.g., media type and a raised underdrain that partially floods the 

media) may also generate unique results. In this case, additional sites may be needed to test factors 

independently and in combination. Some factors are less controllable and require best professional 

judgement in the site selection process to target a particular test condition. An example of a controllable 

factor is media type. An example of a less controllable targeted factor is pollutant loading from the drainage 

area. When comparing technologies, a side-by-side installation of the current and proposed technology 

can help control pollutant loading variability between the technology types. 

For development of new technologies, bench-scale testing is a useful tool to control factors prior to field-

scale testing. Due to municipal budget constraints, bench-scale testing is more effectively funded through 

research grants or through a multi-agency collaborative.  

Representative Site Selection 

Good monitoring site locations must have application to other locations. Good monitoring locations should 

also relate to a management question. For example, in the CW4CB study, the management question 

concerned retrofit in areas suspected to have high pollutant loading. Old Industrial sites with limited 

redevelopment often provided high PCB loads that could be targeted by treatment retrofit. Consequently, 

sites were selected among candidate locations in Old Industrial areas. Conversely, treatment retrofit 

performance in new residential areas with low pollutant loads would not fill critical information gaps 

because these areas would not be targeted by the municipality for treatment retrofit (even though urban 

runoff treatment may be implemented in compliance with C.3 New Development and Redevelopment 

permit requirements). Substantial land use change can alter the viability of monitoring sites. For example, 

complete redevelopment of a site can essentially cap pollutant sources like PCBs and the resulting runoff 

concentrations may be closer to new construction.  
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If site conditions are so unique that the data are only applicable to that location, then the value of those 

monitoring data will be limited. For example, a site at a known pollutant hot spot with extremely high 

pollutant loadings may also not be appropriate to extrapolate to other locations with substantially lower 

pollutant loads.  

Identifying whether a candidate treatment control installation is within the influence of pollutant sources 

can inform monitoring site selection. Section 1.2.4 in the CW4CB Project Report has helpful information 

on major sources of pollutants of concern. Exploratory sampling of runoff or sediment deposits can also 

assist in verifying if the site is appropriate for monitoring. 

Working with the Design Team 

Designing treatment control retrofits is challenging and adding design elements that facilitate monitoring 

can increase the level of difficulty to a point where undesirable tradeoffs limit the size (and effectiveness) 

of the retrofit. But where space, budget, and schedule allow, early coordination is critical to successful 

monitoring. Equipment and access needs should follow the Monitoring Design recommendations. The 

following features may be helpful, depending on the monitoring approach: 

• Vehicle pullout for monitoring crews 

• Adequate traffic control or traffic safety equipment (guardrail, cushion vehicle, etc.) to allow night 
time monitoring 

• Observation wells that are open to native soil for drawdown monitoring (vertical underdrain 
cleanouts are suitable if they extend through to native soil) 

• Manholes for sample tubing access and weir installation 

• Space for flumes and flume approach sections (see ISCO Open Channel Flow Measurement 
Handbook) 

• 6-inch minimum underdrain size to accommodate smallest Thel-mar2 weir 

• Minimal number of inlets to reduce sampling and flow measurement locations 

• Allowance for sufficient drop (e.g., 2-inch minimum for typical flume sizes) from inlet invert to 
overflow to allow installation of an H-fume without backwater interference (see ISCO Open Channel 
Flow Measurement Handbook); consequently, the entire treatment control vertical profile 
(especially the final grade elevation) may need to be adjusted to accommodate the design ponding 
depth below the overflow crest rather than below the inlet. 
 

Monitoring Protocols 

Critical monitoring protocol elements include: minimum number of aliquots, aliquot time or volume 

pacing, equipment selection, equipment programming, sample collection and handling procedures, 

                                                      

2 www.Thel-mar.com 

http://www.thel-mar.com/
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laboratory analysis methods, and mobilization criteria. Good monitoring protocols are available from 2015 

Stormwater Monitoring Protocols3 by Caltrans and the International BMP Database4.  

Six to 12 aliquots per sample are typical minimums. Caltrans suggests different minimum aliquots based 

on storm size, as shown in Table 10.3 of the Caltrans Stormwater Monitoring Protocols. Volume-weighted 

aliquot pacing is preferred because it results in more accurate event mean concentrations (EMCs), but it 

requires flow monitoring equipment. A key to proper volume-weighted aliquot pacing is accurate storm 

size and drainage area estimates. Storm tracking allows monitoring crews to adjust volume-based aliquot 

pacing based on updated precipitation predictions. Time-weighted aliquot pacing is easier to accomplish 

with grab sampling, but may not have significance from a water quality perspective. 

The ISCO Open Channel Flow Measurement Handbook (5th Ed.) and the Caltrans Standard Operating 

Procedures for Stormwater Flow Measurement Verification (CTSW-RT-10-211.19.01) are good sources for 

selecting and verifying flow measurement equipment, respectively. When selecting flow measurement 

equipment, consider the accuracy needed for the range of flows that are most likely to be observed. Flumes 

that are selected based solely on culvert capacity often have insufficient accuracy for monitoring smaller, 

more frequent storms. H-flumes are accurate over a broad range of flows, but they are sensitive to 

backwater conditions. Where space for flumes is limited, weirs can be useful. But in many cases 

installations will not be able to accommodate primary flow measurement devices, especially on curb cuts 

within street gutters. It is difficult to accurately estimate volume reduction in and out of the installations 

at such sites. However, approximate flow measurement within the street gutter has been successfully used 

to pace aliquot collection. If verification of media conductivity is desired where influent flumes are not 

feasible, a falling head test will be more accurate than street gutter flow estimation. To perform a falling 

head test, wait until runoff to the BMP ceases and then measure the drawdown time of the water that 

ponded on top of the media. 

Precipitation measurement is critical to hydrologic analysis using flow measurement. In the CW4CB project, 

because of the goals and limited accuracy of the flow monitoring, measurements from local existing rain 

gauges were adequate. However, for full-storm continuous flow monitoring, onsite rain gauges are highly 

recommended. Tipping bucket gauges are preferred, although static gauges can provide an inexpensive 

backup in case of equipment failure.  

Another critical factor in hydrologic analysis is accurate drainage area estimates. Detailed drainage surveys 

are helpful, but during-storm observation of the extent of the drainage area provides further 

corroboration. Be aware that drainage areas may expand with increasing storm size. Some adjacent areas 

may not contribute runoff during smaller events but may overflow during larger events. Landscape areas 

delineated with concrete curbs or other berms are prone to this occurrence. This is especially critical when 

quantifying rainfall and runoff relationships. 

                                                      

3 http://www.dot.ca.gov/hq/env/stormwater/pdf/ctsw-ot-15-999.43.01.pdf 
4 http://www.bmpdatabase.org/Docs/2009%20Stormwater%20BMP%20Monitoring%20Manual.pdf 

http://www.dot.ca.gov/hq/env/stormwater/pdf/ctsw-ot-15-999.43.01.pdf
http://www.bmpdatabase.org/Docs/2009%20Stormwater%20BMP%20Monitoring%20Manual.pdf
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Mobilization criteria should attempt to represent the targeted range of storm events with minimal bias. 

There are a couple of legacy mobilization criteria that could introduce bias, including antecedent dry period 

requirements and storm size mobilization criteria. Antecedent dry period is a common constraint placed 

on monitoring BMPs with drain times over several days to avoid comingling of water between storm 

events. However, this constraint introduces bias that systematically ignores storms that closely follow 

previous storms. These storms may have different pollutant loading that affect average annual 

performance estimates. Most treatment controls drain quickly. So, if representing all storm types is 

important (e.g., in estimates of average annual performance), do not specify unnecessary constraints that 

bias storm selection. Storm size mobilization criteria can protect budgets from too many false starts, but 

may introduce bias by ignoring smaller storms. If volume or load analysis is an objective, consider remote 

monitoring of rainfall, runoff, and effluent flows for all smaller storms. This will allow cost savings in staff 

time and water quality analysis. With an adequate power supply, many of these data can be continuously 

recorded. Live storm tracking was also very helpful in the CW4CB study to avoid mobilization for storms 

that did not have the precipitation total that was predicted earlier.  

The CW4CB Retrofit Pilot Study Plan describes flow monitoring, flow measurement, and storm mobilization 

in the Recommendations for Sampling and Analysis Plans section (BASMAA, 2013). 

Data Management 

Data management should be considered early to establish good reporting and tracking practices. There are 

many data management standards. California Environmental Data Exchange Network5 (CEDEN) is a good 

place to start for water chemistry. The International BMP Database is good source for other study 

parameters. Assume the data will be analyzed by people outside the study team and document any 

deviations from established data management standards. Extra data fields should be thoughtfully named 

and a glossary should be included to thoroughly define each field. A complete set of data management 

tools is available through Caltrans6. 

Data Analysis and Real-Time Flow QA/QC 

Preliminary data analysis during the monitoring period is recommended to identify any needed corrections 

in monitoring approaches. Flow and volume QA/QC checks can be performed using software that analyzes 

hydrologic time series data for potential errors, such as the Hydrologic Analysis Tool (HAT)7 from the Office 

of Water Programs at California State University, Sacramento. Figure B.1 shows an example output from 

the HAT showing information such as the hyetograph (graphical representation of rainfall distribution over 

time), hydrograph, storm statistics, aliquot pacing, and representative coverage of the hydrograph by 

successful aliquots. This information can assist in identifying equipment failures, making adjustments in 

                                                      

5 http://ceden.org/docs/2017_documentation/cedenchem_implan_2017_0103.pdf 
6 http://dot.ca.gov/hq/env/stormwater/ongoing/data_management/index.htm 
7 https://www.owp.csus.edu/research/hydrologic-analysis-tool.php 

http://ceden.org/docs/2017_documentation/cedenchem_implan_2017_0103.pdf
http://dot.ca.gov/hq/env/stormwater/ongoing/data_management/index.htm
https://www.owp.csus.edu/research/hydrologic-analysis-tool.php
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aliquot pacing for future events, and discovering errors in drainage area estimates. Other available tools 

can be used to check water chemistry results, such as those available via CEDEN8. The CEDEN data checker 

can be used regardless of whether the data will be submitted to CEDEN. 

For performance assessments, check data distributions for normality to ensure proper analysis methods 

are used. Consider non-parametric approaches to display data such as box-and-whisker and cumulative 

frequency distributions. Statistical tests for significance are ideal, but data requirements, reporting 

schedule, or budget often preclude this analysis because the ability to detect small differences among 

populations (e.g., effluent comparisons among treatment control types) is limited with smaller data sets. 

The Caltrans PSGM and the International BMP Database provide examples of data analysis methods for 

treatment retrofit performance. Some of these methods are also discussed and used in the CW4CB Final 

Report. 

                                                      

8 http://ceden.org/CEDEN_checker/Checker/ 

http://ceden.org/CEDEN_checker/Checker/
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Figure B.1: Event worksheet from the Hydrologic Analysis Tool




