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DISCLAIMER 

Information contained in BASMAA products is to be considered general guidance and is not to be 

construed as specific recommendations for specific cases. BASMAA is not responsible for the use of any 

such information for a specific case or for any damages, costs, liabilities or claims resulting from such 

use. Users of BASMAA products assume all liability directly or indirectly arising from use of the products.   

The mention of commercial products, their source, or their use in connection with information in 

BASMAA products is not to be construed as an actual or implied approval, endorsement, 

recommendation, or warranty of such product or its use in connection with the information provided by 

BASMAA.   

This disclaimer is applicable to all BASMAA products, whether information from the BASMAA products is 

obtained in hard copy form, electronically, or downloaded from the Internet 
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EXECUTIVE SUMMARY 

INTRODUCTION 
The Municipal Regional Stormwater National Pollutant Discharge Elimination System (NPDES) Permit 

(MRP; Order No. R2-2015-0049) implements the municipal stormwater portion of the mercury and 

polychlorinated biphenyls (PCBs) Total Maximum Daily Loads (TMDLs) for the San Francisco Bay. 

Provisions C.11 and C.12 of the MRP require mercury and PCBs load reductions and the development of 

a Reasonable Assurance Analysis (RAA) demonstrating that control measures will be sufficient to attain 

the TMDL wasteload allocations within specified timeframes. In compliance with the MRP, Permittees 

have implemented a number of source control measures in recent years designed to reduce pollutants 

of concern (POCs) in urban stormwater and achieve the wasteload allocations described in the mercury 

and PCBs TMDLs. For all control measures, an Interim Accounting Methodology for TMDL Loads Reduced 

has been developed to determine POC load reductions achieved based on relative mercury and PCBs 

yields from different land use categories (BASMAA, 2017a). Provision C.8.f of the MRP further supports 

implementation of the mercury and PCBs TMDLs by requiring that Permittees conduct POC monitoring 

to address management action effectiveness, one of the five priority information needs identified in the 

MRP. Management action effectiveness monitoring is intended to provide support for planning future 

management actions or evaluating the effectiveness or impacts of existing management actions.  

To achieve compliance with the above permit requirements, the Bay Area Stormwater Management 

Agencies Association (BASMAA1) implemented a regional project on behalf of its member agencies. The 

goal of the BASMAA POC Monitoring for Management Action Effectiveness -Evaluation of Mercury and 

PCBs Removal Effectiveness of Full Trash Capture Hydrodynamic Separator (HDS) Units project (the 

Project) was to evaluate the mercury and PCBs removal effectiveness of HDS units associated with 

removal of solids captured within the sump. The information provided by this monitoring effort will be 

used to support ongoing efforts by MRP Permittees and the California Regional Water Quality Control 

Board, San Francisco Bay Region (Regional Water Board) to better quantify the pollutant load reductions 

achieved by existing and future HDS units installed in urban watersheds of the Bay Area. This project 

was conducted between March 2017 and December 2018 in the portion of the San Francisco Bay Area 

subject to the MRP. The project was implemented by a project team comprised of EOA Inc., the Office of 

Water Programs at Sacramento State University (OWP), Kinnetic Laboratories, Inc. (KLI), and the San 

Francisco Estuary Institute (SFEI). A BASMAA Project Management Team (PMT) consisting of 

                                                           

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 programs support implementation of the MRP (Order No. 

R2-2015-0049). BASMAA is comprised of all 76 identified MRP municipalities and special districts, the Alameda 

Countywide Clean Water Program (ACCWP), Contra Costa Clean Water Program (CCCWP), the Santa Clara Valley Urban 

Runoff Pollution Prevention Program (SCVURPPP), the San Mateo Countywide Water Pollution Prevention Program 

(SMCWPPP), the Fairfield-Suisun Urban Runoff Management Program (FSURMP), the City of Vallejo and the Vallejo 

Sanitation and Flood Control District (VSFCD). 
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representatives from BASMAA stormwater programs and municipalities provided oversight and 

guidance to the project team.  

METHODS 
The Project combined sampling and modeling efforts to evaluate the mercury and PCBs removal 

performance of HDS units as follows. First, samples of the solids captured and removed from eight 

different HDS unit sumps during cleanout were collected and analyzed for PCBs and mercury. Second, 

maintenance records and construction plans for these HDS units were reviewed to develop estimates of 

the average volume of solids removed per cleanout. This information was combined with the monitoring 

data to calculate the mass of POCs removed during cleanouts. Third, the annual mercury and PCBs loads 

discharged from each HDS unit catchment were estimated using two different load calculation methods. 

Method #1 used the land use-based POC yields described in the BASMAA Interim Accounting 

Methodology (BASMAA 2017a) to estimate catchment loads. Method #2 used the Regional Watershed 

Spreadsheet Model (RWSM, Wu et al. 2017) to estimate runoff volumes and stormwater concentrations 

and calculate catchment loads. Finally, HDS unit performance was evaluated for both catchment load 

estimates by calculating the average annual percent removal of POCs as a result of the removal of solids 

from the HDS unit sumps. 

RESULTS 
Samples were collected from HDS units located in the cities of Palo Alto, Oakland, San Jose and 

Sunnyvale. These HDS units were selected opportunistically, based on the units that were scheduled for 

cleanout during the project sampling period (fall 2017 ς spring 2018). The types of solid samples that 

were collected depended on the solids that were found in each sump, and included 3 sediment-only 

samples, and 5 sediment and organic/leafy debris samples. All samples were analyzed for the RMP 40 

PCB congeners2, total mercury, total solids (TS), total organic carbon (TOC), and bulk density. The 

sediment-only samples were also analyzed for grain size and were sieved at 2 millimeters (mm) prior to 

analysis for PCBs and mercury. The sediment and organic/leaf debris samples were analyzed as whole 

samples (not sieved) and were also analyzed for total organic matter in order to calculate the inorganic 

fraction (i.e., the mineral fraction assumed to be associated with POCs). Total PCBs concentrations 

across the 8 samples ranged from 0.01 to 0.41 milligram/kilogram (mg/kg) dry weight (dw). Total 

mercury concentrations ranged from 0.005 to 0.31 mg/kg dw. Overall, the range of mercury and PCBs 

concentrations measured in the HDS unit solids in the present study were similar to the average 

concentrations found in storm drain sediments and street dirt across the Bay Area, as reported 

elsewhere (BASMAA 2017a).  

Based on review of maintenance records for 38 cleanout events, as well as construction details for each 

unit which provƛŘŜŘ ƛƴŦƻǊƳŀǘƛƻƴ ƻƴ ŜŀŎƘ ǳƴƛǘΩǎ ǎǘƻǊŀƎŜ ŎŀǇŀŎƛǘȅ, the estimated average solids removed 

per cleanout ranged from 2.4 cubic yards (CY) to 37 CY. These numbers indicate the HDS unit sumps 

were on average 97% full when a cleanout was conducted. The calculated annual mass of PCBs removed 

                                                           

2 The 40 individual congeners routinely quantified by the Regional Monitoring Program (RMP) for Water Quality in 

San Francisco Bay include: PCBs 8, 18, 28, 31, 33, 44, 49, 52, 56, 60, 66, 70, 74, 87, 95, 97, 99, 101, 105, 110, 118, 

128, 132, 138, 141, 149, 151, 153, 156, 158, 170, 174, 177, 180, 183, 187, 194, 195, 201, and 203 
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from each unit ranged from 2 mg/year up to 2,600 mg/yr, while the annual mass of mercury removed 

from each unit ranged from 9 mg/year up to 6,500 mg/year. Differences in catchment sizes do not 

explain the high degree of variability observed across the different units. When normalized to 

catchment size, the mass of POCs removed per acre treated for the HDS units in this study remained 

highly variable, ranging from 0.01 mg/acre to 29 mg/acre for PCBs, and 0.03 mg/acre to 50 mg/acre for 

mercury.  

PCBs Removal Rates (Table ES-1):  For catchment loads calculated using Method #1 (land use-based 

yields), the median percent PCBs removal across all 8 units ranged from 5% to 10%. For catchment loads 

calculated using Method #2 (RWSM runoff volume x concentration), the median percent PCBs removal 

ranged from 15% to 32%. Variability in removal rates was high between individual units, ranging from 

almost no removal to 100% removal of the estimated loads.  

Table ES-1.  HDS Unit Performance - Annual Percent Removal Calculated For Two Catchment Load Estimates. 

HDS Unit 
ID 

PCBs Removal Mercury Removal 

Method #1 Method #2 Method #1 Method #2 

Low High Low High Low High Low High 

1 80% 100% 100% 100% 26% 40% 100% 100% 

2 8% 18% 10% 22% 4% 6% 65% 98% 

3 4% 9% 21% 45% 2% 3% 8% 12% 

4 38% 83% 27% 59% 5% 7% 17% 26% 

5 0.06% 0.13% 0.21% 0.46% 0.1% 0.2% 1.1% 1.6% 

6 5% 11% 20% 43% 0.01% 0.02% 0.1% 0.2% 

7 0.6% 1.4% 0.5% 1.1% 0.06% 0.09% 2% 3% 

8 1.4% 3.1% 7% 16% 3% 4% 27% 41% 

Median 5% 10% 15% 32% 3% 4% 13% 19% 

 

Mercury Removal Rates (Table ES-1):  Across all 8 units, the median percent removal for catchment 

loads calculated using Method #1 (land use-based yields) ranged from 3% to 4%. For all units under 

Method #1, the removal rates were lower for mercury than for PCBs. For catchment loads calculated 

using Method #2 (RWSM runoff volume x concentration) the median removal ranged from 13% to 19%. 

Similar to PCBs, removal rates for mercury in individual HDS units were highly variable. 

CONCLUSIONS 
For both PCBs and mercury, the data from this study indicate the percent removals achieved by HDS unit 

cleanouts are highly variable across units, and likely variable within the same unit over time. The 

conclusions on pollutant removal effectiveness of HDS unit sump cleanouts based on the results of this 

study are limited by the small number of HDS units that were sampled (n=8) and the limited, and often 

incomplete, maintenance records that were available at the time of this study. Nevertheless, the results 

of this study provide new information on the range of pollutant concentrations measured in HDS unit 

sump solids. Additional data would be needed to fully characterize the range of pollutant load 

reductions achieved by HDS units over longer periods of time and across varying urban environments. 
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The results from this study will be considered in the update of the Interim Accounting Methodology that 

is being conducted as part of the BASMAA regional project Source Control Load Reduction Accounting for 

Reasonable Assurance Analysis, and will include methods for estimating POC reductions associated with 

stormwater control measures, including HDS units. 

Additional recommendations on options for potentially improving the pollutant removal effectiveness of 

HDS unit maintenance practices, as well as improving the estimates presented in this report include the 

following:  

¶ Develop site-specific standard operating procedures (SOPs) for each HDS unit, including 

suggested cleanout frequency and cleanout methods to ensure efficient and consistent practices 

over time.  

¶ To improve pollutant removal effectiveness, cleanouts should occur well before sumps reach 

capacity. Frequent inspections of HDS unit sumps may also provide the information needed to 

determine an appropriate cleanout frequency for each HDS unit.  

¶ To improve estimates of the solids removal achieved per cleanout (and the associated pollutant 

removals achieved), provide consistent recording of the following information:  cleanout dates, 

measured depth of solids and water in the sump prior to a cleanout, estimates of the volumes of 

solids and water removed from the sump during cleanout, and a description of the types of 

solids removed.  
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1 INTRODUCTION 

1.1 BACKGROUND 
Fish tissue monitoring in San Francisco Bay (Bay) has revealed bioaccumulation of polychlorinated 

biphenyls (PCBs) and mercury. The measured fish tissue concentrations are thought to pose a health risk 

to people consuming fish caught in the Bay. As a result of these findings, California has issued an interim 

advisory on the consumption of fish from the Bay. The advisory led to the Bay being designated as an 

impaired water body on the Clean Water Act "Section 303(d) list" due to PCBs and mercury. In response, 

the California Regional Water Quality Control Board, San Francisco Bay Region (Regional Water Board) 

adopted total maximum daily loads (TMDLs) to address these pollutants of concern (POCs) (SFBRWQCB 

2012).  

Provisions C.11 and C.12 of the Municipal Regional Stormwater National Pollutant Discharge Elimination 

System (NPDES) Permit (MRP; Order No. R2-2015-0049) implements the municipal stormwater portion 

of the Mercury and PCBs TMDLs for the San Francisco Bay Area. These provisions require mercury and 

PCBs load reductions and the development of a Reasonable Assurance Analysis (RAA) demonstrating 

that control measures will be sufficient to attain the TMDL wasteload allocations within specified 

timeframes. In compliance with the MRP, Permittees have implemented a number of source control 

measures in recent years designed to reduce POCs in urban stormwater and achieve the wasteload 

allocations described in the mercury and PCBs TMDLs. For all control measures, the Bay Area 

Stormwater Management Agencies Association (BASMAA3) developed an Interim Accounting 

Methodology to define POC load reductions achieved based on relative mercury and PCBs yields from 

different land use categories (BASMAA 2017a).  

Provision C.8.f of the MRP further supports implementation of the mercury and PCBs TMDLs by 

requiring that Permittees conduct POC monitoring to address management action effectiveness, one of 

the five priority information needs identified in the MRP. Management action effectiveness monitoring 

is intended to provide support for planning future management actions or evaluating the effectiveness 

or impacts of existing management actions. Although individual Countywide monitoring programs can 

meet all MRP monitoring requirements on their own, some requirements are conducted more 

efficiently, and likely yield more valuable information, when coordinated and implemented on a regional 

basis. 

                                                           

3 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 programs support implementation of the MRP 

(Order No. R2-2015-0049). BASMAA is comprised of all 76 identified MRP municipalities and special districts, the 

Alameda Countywide Clean Water Program (ACCWP), Contra Costa Clean Water Program (CCCWP), the Santa Clara 

Valley Urban Runoff Pollution Prevention Program (SCVURPPP), the San Mateo Countywide Water Pollution 

Prevention Program (SMCWPPP), the Fairfield-Suisun Urban Runoff Management Program (FSURMP), the City of 

Vallejo and the Vallejo Sanitation and Flood Control District (VSFCD). 
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1.2 PROBLEM STATEMENT 
During the previous MRP permit term (2009 ς 2015), BASMAA pilot tested a number of different 

stormwater control measures for pollutant removal effectiveness through the Clean Watersheds for a 

Clean Bay (CW4CB) project (BASMAA 2017b). One treatment option that was pilot-tested during CW4CB 

includes hydrodynamic separator (HDS) units. HDS units have been installed for trash control 

throughout the Bay Area. An HDS unit typically consists of a circular concrete manhole structure that is 

installed underground, either inline or offline within the existing storm drainage system. As an example, 

the features of an inline Contech Continuous Deflective Separator (CDS) Unit are shown in Figure 1.1. 

Stormwater flows from the HDS catchment (up to the treatment design capacity) enter the device 

tangentially, which initiates a swirling motion to the water. This is enhanced by a curved deflection 

plate. The flows are then guided into the separation chamber, where swirl concentration and screen 

deflection force solids to the center of the chamber. The flow continues through the separation screen, 

under the oil baffle and exits the unit. All of the solids and debris larger than the screen apertures are 

trapped within the unit. Floatables (i.e., buoyant solids) will typically remain suspended in the water that 

is retained within the unit near the top of the treatment screen, while the heavier solids settle into the 

storage sump located directly below the screening area. These units are designed to collect trash, 

sediment and other solid debris. POC removal is expected to occur through capture of POC-containing 

solids in the HDS unit sumps, and subsequent removal and disposal of these solids during cleanouts. 

Generally, the net solids removal is expected to vary by site-specific conditions, and the removal 

efficiency for solids smaller than the screen apertures varies depending on the model selected and the 

flow characteristics of the site.  

 
Figure 1.1 Basic features of a Contech Continuous Deflective Separator (CDS) Hydrodynamic Separator (HDS) 

Unit. Source:  Contech Engineered Solutions 2014.  
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For HDS units and other stormwater control measures, BASMAA developed the Interim Accounting 

Methodology for TMDL Loads Reduced (Interim Accounting Methodology, BASMAA 2017a) to calculate 

load reductions achieved by these measures during the current permit term (2016 ς 2020). The Interim 

Accounting Methodology is based on relative mercury and PCBs yields from different land use 

categories. For HDS units, the methodology assumes a default 20% reduction of the area-weighted land 

use-based pollutant yields for a given catchment. This default value was based on average percent 

removal of total suspended solids (TSS) from HDS units from an analysis of paired influent/effluent data 

reported in the International Stormwater Best Management Practices (BMP) Database 

(www.bmpdatabase.org), as described in Appendix C of the Interim Accounting Methodology (BASMAA 

2017a). However, significant data gaps remain in determining the effectiveness of this practice and 

expected load reductions.  

The CW4CB results suggested that the materials retained within the HDS unit sumps and removed 

during routine cleanouts provide reductions of POC mass that would otherwise remain in the municipal 

separate storm sewer system (MS4). However, the CW4CB pilot tests were limited to 2 data points, 

collected from a single HDS unit that drains a catchment with elevated mercury and PCBs 

concentrations. The monitoring performed to-date is not sufficient to characterize pollutant 

concentrations of solids captured in HDS units that drain catchments with different loading scenarios 

(e.g., land uses, stormwater volumes, source areas, etc.), nor to estimate the percent removal based on 

the pollutant load captured and removed from the HDS unit during ongoing maintenance practices.  

1.3 PROJECT GOAL 
The overall goal of this project is to evaluate the mercury and PCBs removal effectiveness of HDS units 

due to solids capture within the sumps and subsequent removal during cleanouts. The monitoring 

conducted through this project provides partial fulfilment of MRP monitoring requirements for 

management action effectiveness under provision C.8.f., while also addressing some of the data gaps 

identified by the CW4CB project (BASMAA 2017b). The information provided by this project will be used 

by MRP Permittees and the Regional Water Board to support ongoing efforts to better quantify the 

pollutant load reductions achieved by existing and future HDS units installed in urban watersheds of the 

Bay Area.  

To accomplish the project goal, BASMAA implemented a regional project on behalf of its member 

agencies to collect samples of the solids removed from HDS Unit sumps during cleanout events to 

estimate the mass of POCs removed. This report presents the results of the BASMAA POC Monitoring 

for Management Action Effectiveness - Evaluation of Mercury and PCBs Removal Effectiveness of Full 

Trash Capture Hydrodynamic Separator Units project (the Project) that was conducted during 2017 and 

2018 in the portion of the San Francisco Bay Area subject to the MRP. The project was implemented by a 

project team comprised of EOA Inc., the Office of Water Programs (OWP) at Sacramento State 

University, Kinnetic Laboratories, Inc. (KLI), and the San Francisco Estuary Institute (SFEI). A BASMAA 

Project Management Team (PMT) consisting of representatives from BASMAA stormwater programs 

and municipalities provided oversight and guidance to the project team throughout the project.  

Section 2 of this report presents the overall approach and details methods that were used to implement 

the project, including a description of the sampling and chemical analysis methods, and descriptions of 

http://www.bmpdatabase.org/
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the methodology used to estimate the POC percent removals achieved through cleanouts. Section 3 

presents the project results and discussion, including the location and description of each HDS unit that 

was sampled, a summary of the chemical analysis results for each unit, a summary of the cleanout 

events identified in maintenance records, the modeled estimates of the annual average POC stormwater 

loads within each HDS unit catchment, and the annual loads reduced (and percent removals achieved) 

through HDS unit maintenance practices. Section 4 summarizes the conclusions based on the results of 

the project.  
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2 METHODS 

This section presents the overall approach and methods that were used to implement the Project. 

Under the guidance and oversight of the PMT, the project team developed a study design (Appendix A) 

and a SAP/QAPP (Appendix B), which were followed throughout implementation of the sampling 

program.  

2.1 OVERALL PROJECT APPROACH 
The overall approach to the Project involved a combined sampling and modeling effort to evaluate the 

mercury and PCBs removal performance of the sampled HDS units. The project implemented the 

following 4 tasks:  

1. Collect samples of the solids captured in HDS unit sumps in Bay Area urban catchments and 

analyze them for mercury and PCBs;  

2. Quantify the volume and mass of solids (and associated mercury and PCBs) removed from HDS 

unit sumps during cleanouts;  

3. Estimate annual average mercury and PCBs stormwater loads for each HDS unit catchment of 

interest (i.e., the HDS unit catchments that were sampled in task 1); 

4. Calculate the annual mercury and PCBs percent removals due to HDS unit cleanouts for each 

catchment of interest. 

It is important to note this project was not designed to fully characterize the range of POC 

concentrations and masses captured in Bay Area HDS unit sumps. Nor was this project intended to 

provide highly accurate stormwater loading estimates for the catchments of interest. Rather, this 

project was intended to provide additional data to better quantify the mercury and PCBs load reduction 

effectiveness of HDS unit maintenance practices and support future development of source control 

RAAs. 

The remainder of this section provides additional details on the methods and assumptions employed to 

implement the project tasks. 

2.2 HDS UNIT SAMPLING 
Across the Bay Area, at least 37 large, public HDS units have been installed in public right-of-way (ROW) 

locations over the past 10+ years. These units were primarily installed for trash controls. These units 

treat stormwater runoff from more than 13,000 acres spread across nine Bay Area municipalities. The 

size of the catchments treated by individual units in the Bay Area ranges from about 3 acres up to more 

than 900 acres. Selection of HDS units for sampling during this project was primarily opportunistic, 

based on the units that were scheduled for cleanouts during the project. The project team worked 

cooperatively with the PMT and multiple Bay Area municipal agencies to identify public HDS units that 

were scheduled for maintenance during the project sampling period (Fall 2017 through spring 2018). 

Additional selection criteria included cooperation of the appropriate municipal staff and safety 

considerations for the monitoring team. All field sampling was conducted during dry weather, when 

urban runoff flows through the HDS units were minimal and did not present safety hazards or other 

logistical concerns. 
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During sampling, HDS units were typically dewatered by municipal staff to remove standing water in the 

units and any floatables suspended in that water prior to sump cleanout. The monitoring team then 

collected multiple samples of the solids (sediment and organic debris) contained within each unitΩǎ 

sump, avoiding trash and other large debris. The solid samples were then combined and thoroughly 

homogenized in a stainless steel or Kynar-coated bucket, from which a composite sample was removed 

and aliquoted into separate jars for chemical analysis. Sample collection techniques varied between 

units due to the unique characteristics of each unit (i.e., sump depth and volume, safety considerations, 

etc.). For the majority of units, a stainless steel scoop on the end of a long pole was used to collect 

samples of the solids in the sump. However, in cases where the sump was too deep and/or too large to 

collect a representative sample using this method, samples were collected after the solids were 

removed from the sump by maintenance staff as the cleanout proceeded. Any confined space entry to 

remove solids from HDS unit sumps was performed by city maintenance staff trained and certified in 

such activities. One composite sample of the solids was collected for each HDS unit. The solid samples 

that were collected consisted of either sediment-only, or a combination of sediment and organic/leafy 

debris, depending on the type of solids that were found in each sump. The latter type of samples were 

collected in cases where this type of material dominated the solids content of the HDS unit sump, and 

collection of a sediment-only sample would not be representative of the solids in the sump.   

2.3 LABORATORY METHODS 
All solid samples were analyzed for the RMP 40 PCB congeners4, total mercury, total solids (TS), total 

organic carbon (TOC), and bulk density by the methods identified in Table 2.1. All sediment-only samples 

were also analyzed for grain size by the methods in Table 2.1. With the exception of grain size and bulk 

density, sediment-only samples were sieved by the laboratory at 2 mm prior to analysis. The sediment 

and organic/leaf debris samples were not sieved but were analyzed as whole samples. These samples 

were also analyzed for total organic matter (TOM) by the method identified in Table 2.1, in order to 

estimate the percent of the solid material that was organic (e.g., leaf debris) vs. inorganic (e.g., mineral 

content) because POCs in sump solids were assumed to be predominantly associated with the mineral 

fraction (i.e., the leafy material is expected to add few POCs but a large contribution to the total solids 

mass, and the relative proportion of organic-matter vs. mineral fractions provides assessment of the 

degree of dilution by organic matter).  

Additional details about the field sampling and laboratory analysis methods are provided in the project 

SAP/QAPP (Appendix B).   

                                                           

4 The 40 individual congeners routinely quantified by the Regional Monitoring Program (RMP) for Water Quality in 

the San Francisco Estuary include: PCBs 8, 18, 28, 31, 33, 44, 49, 52, 56, 60, 66, 70, 74, 87, 95, 97, 99, 101, 105, 110, 

118, 128, 132, 138, 141, 149, 151, 153, 156, 158, 170, 174, 177, 180, 183, 187, 194, 195, 201, and 203 
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Table 2.1. Laboratory Analytical Methods for Analytes in Sediment and Sediment/Organic Leaf debris. 

Sample Type Analyte Sampling 
Method 

Analytical Method Reporting 
Units 

All Total Organic Carbon 
(TOC) 

Grab EPA 415.1, 440.0, 9060, or 
ASTM D4129M 

% 

Sediment-Only Grain Size Grab ASTM D422M/PSEP % 

All Bulk Density Grab ASTM E1109-86 g/cm3 

All Mercury Grab EPA 7471A, 7473, or 1631 µg/kg 

All PCBs (RMP 40 Congeners) Grab EPA 1668 µg/kg 

All Total Solids Grab EPA160.3 % 

Sediment + 
Organic/Leaf Debris 

Total Organic Matter 
(TOM) 

Grab EPA160.4 % 

 

2.4 DATA ANALYSIS AND REPORTING 
The data collected during sampling was combined with estimated catchment loads to evaluate the POC 

removal performance of each HDS unit as follows. First, the annual mass of POCs reduced due to 

cleanouts was calculated from the measured POC concentrations in sump solids and the estimated 

average volume of solids removed per cleanout, and the total number of cleanouts per year. Next, the 

annual stormwater loads of POCs discharged from each HDS unit catchment were estimated using two 

different methods to calculate the catchment loads. Finally, HDS unit performance was evaluated by 

calculating the POC percent removals due to HDS Unit cleanouts for both catchment load estimates. 

Additional details about each of these steps are presented here. 

2.4.1 Annual Mass of POCs Reduced Due to Cleanouts 

The annual mass of POCs reduced due to removal of sump solids from HDS units during cleanouts was 

calculated using Equation 2-1.  

(2-1) MHDS-i = VHDS-i x ́ HDS-i x FPOC-HDS-i x CPOC, HDS-i x NHDS-i 

Where:   

MHDS-i the total annual POC mass removed from the sump of HDS Unit i (mg/year); 

VHDS-i the volume of solids removed from HDS Unit i during a cleanout (cubic yards 

(CY) per cleanout;  

ʄHDS-i the bulk density of solids removed from HDS Unit i during a cleanout (kg/CY); 

FPOC-HDS-i the mass fraction of solids removed from HDS Unit i during a cleanout that is 

associated with POCs;  

CPOC, HDS-i the concentration of POCs in the solids removed from HDS Unit i during a 

cleanout (mg/kg dw); 

NHDS-i the number of cleanouts of HDS Unit i each year (cleanouts/year).  
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In order to provide the inputs required for Equation 2-1, additional information was gathered from the 

appropriate municipalities for each HDS unit that was sampled, including construction details (as-builts) 

and maintenance records on past cleanouts. Maintenance records were reviewed to gather information 

on the number and frequency of past cleanouts, and the volume of solids typically removed from sumps 

during cleanouts. Information on the types of materials removed during each cleanout was generally 

limited. However, any cleanout that only recorded removal of floatables (i.e., buoyant solids suspended 

in the water layer above the sump) was excluded from these evaluations, as the focus here was on 

removal of solid sediment and debris captured in the sumps. Although organic materials such as leaves 

are generally buoyant, these solids were frequently found in HDS unit sumps, likely because a sufficient 

mass of soil particles attached to the organic debris and caused the materials to settle in the sump. 

Additional assumptions described below were used to provide the inputs required for Equation 2-1.  

¶ The average volume of solids removed from the sump per cleanout (VHDS-i) was calculated for 

each unit from maintenance records or was assumed to be equivalent to the volume of the 

ǳƴƛǘΩǎ ǎƻƭƛŘǎ ǎǘƻǊŀƎŜ ǎǳƳǇ if maintenance records were not available. Where available, 

maintenance records were reviewed to identify the volume of solids removed from a given 

ǳƴƛǘΩǎ ǎǳƳǇ ŘǳǊƛƴƎ ŜŀŎƘ ŎƭŜŀƴƻǳǘΣ ŀƴŘ ŀƴ ŀǾŜǊŀƎŜ ǾƻƭǳƳŜ ǇŜǊ ŎƭŜŀƴƻǳǘ ŎŀƭŎǳƭŀǘŜŘ ŦƻǊ ŜŀŎƘ ǳƴƛǘΦ 

Where not available, construction details (i.e., as-built drawings) were reviewed to calculate the 

sump storage capacity for each unit. The full sump capacity was selected as a reasonable 

estimate of the volume of solids removed during a cleanout because (1) the recorded volumes 

removed during cleanouts were typically near or even exceeded sump capacity; and (2) 

information provided by municipal staff indicated solids in the sumps were typically not 

removed unless the sumps were well over 50% full. This later information was further 

corroborated by maintenance records that identified a number of cleanouts were performed 

where only floatables were removed from the top layer of water in the ǳƴƛǘΩǎ ǎŎǊŜŜƴƛƴƎ ŀǊŜŀΣ 

and no solids were removed from the sumps. As stated previously, cleanouts that only removed 

these floatables were not included in the calculation of the average volume of solids removed 

per cleanout. Initial attempts to further refine and/or improve the estimates of the average 

volumes of solids removed per cleanout based on maintenance records were evaluated, 

including (for example) normalizing the volume of solids removed in a given cleanout to the 

rainfall amounts within that catchment since the previous cleanout. However, because the 

maintenance data were limited, highly uncertain, and in many cases, incomplete, the outcomes 

of these efforts were inconclusive at best, and they were not pursued further. 

 

¶ The fraction of solids removed during cleanouts that was associated with POCs (FPOC-HDS-i) was 

estimated from measurement data for each HDS unit. For sediment-only samples, the fraction 

associated with POCs was assumed to be the dry fraction of solids removed that was < 2 mm in 

grain size, where %TS accounts for the moisture content of the solids, and the % < 2 mm 

accounts for the small particle size fraction of the solids. For the sediment + organic/leaf 

samples, the fraction associated with POCs was assumed to be the dry fraction of solids 

removed that was inorganic, where % TOM measurement allows for calculation of the % 

inorganic (i.e., mineral content of the sample). These assumptions are consistent with 

catchment loads calculated in Section 2.4.2 for each HDS unit catchment. Catchment loads 
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calculated using the BASMAA land use-based POC yields (BASMAA 2017a) or using the Regional 

Watershed Spreadsheet Model (RWSM, Wu et al. 2017), both rely on inputs that assume POCs 

are associated with the smaller (i.e., < 2 mm) particle size fractions in stormwater.  

 

¶ All of the measurement data used as inputs to Equation 2-1 (POC concentrations, bulk density, 

etc.) were assumed to be representative of the values of these parameters for typical sump 

solids removed during cleanouts over time for a given HDS Unit. This assumption was necessary 

because the data needed to evaluate the temporal and spatial variability in these parameters 

are currently unavailable. Multiple samples from the same HDS unit over a number of years 

would be needed to quantify the variability over time, while this project provided only 1 sample 

per unit. To account for some degree of variability in the measured POC concentrations, the 

average relative percent differences (RPDs) between field duplicate sediment samples collected 

from storm drain structures over the past 5+ years across the Bay Area were used (SCVURPPP 

2018, SMCWPPP 2018, BASMAA 2017b). The RPD was calculated for 27 field duplicate pairs, and 

for PCBs, ranged from <1% to 185%, with an average of 37%. For mercury, the RPDs ranged from 

4% to 43%, with an average of 17%. The average RPDs for PCBs and mercury were applied to the 

concentrations measured in this study to develop a low and high concentration estimate (and 

associated low and high POC mass removed per cleanout) for each unit.  

 

¶ Two cleanouts per year were assumed. Although maintenance records provided some 

information on cleanout frequencies, it appears from both the information provided, and 

further discussion with municipal staff that cleanout frequency is highly variable from unit to 

unit and from year to year. A default assumption of two cleanouts per year was selected as a 

reasonable approximation based on the typical cleanout frequencies reported by maintenance 

staff.  

2.4.2 Annual POC Stormwater loads discharged from each HDS Unit Catchment 

For each HDS Unit, the annual average POC loads discharged from its catchment were calculated using 

two different methods. Method #1 is based on catchment-specific land use multiplied by land use-based 

POC yields described in the BASMAA Interim Accounting Methodology (BASMAA 2017a). Method #2 is 

based on RWSM estimates of annual stormwater runoff volumes and land use-based POC event mean 

concentrations (Wu et al. 2017). Additional details about the inputs and assumptions used to calculate 

annual average catchments POC loads using each of these methods are provided below.   

2.4.2.1 HDS Catchment Loads ς Method #1:  BASMAA Land Use-Based Yields 

This method relies on the land use-based mercury and PCBs yields that form the basis for the 

stormwater control measure load reduction accounting methodology described in the BASMAA Interim 

Accounting Methodology (BASMAA 2017a). These yields, presented in Table 2.2, provide an estimate of 

the mass of POCs contributed by an area of a given land use each year.  
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Table 2.2 Land Use-Based PCBs and Mercury Yields. 

Land Use Category 
PCBs Yield  

(mg/acre/year) 
Mercury Yield  

(mg/acre/year) 

Old Industrial 86.5 1,300 

Old Urban 30.3 215 

New Urban  3.5 33 

Other 3.5 26 

Open Space 4.3 33 

 

For each of the HDS Unit catchments in this study, the area of each land use category identified in Table 

2.2 was multiplied by the associated POC yield for that land use. The total POC load for each land use 

was summed to provide the total POC catchment loads for an average year.  

2.4.2.2 HDS Catchment Loads - Method #2:  RWSM Runoff Volume X Concentration 

For this method, outputs of the RWSM were used to estimate annual average POC loads for each of the 

eight HDS unit catchments in this study. The RWSM was developed by SFEI (Wu et al., 2017) to serve as 

a regional scale planning tool for estimating average annual loads from small tributaries and sub-

watersheds of San Francisco Bay. The RWSM includes a hydrology model that provides an estimate of 

runoff volumes for Bay Area watersheds and sub-watersheds, and pollutant models for PCBs and 

mercury that are driven by the hydrology and provide water concentration maps tied to land use 

classifications. The hydrology model calculates annual average runoff using rainfall data from PRISM 

(Parameter Elevation Regression on Independent Slopes Model, which is based on climate data from 

1981 ς 2010, www.prismclimate.org), and runoff coefficients developed from land use-soil-slope 

combinations. The hydrological calibration was based on 19 watersheds evenly distributed across three 

micro-climate sub-regions (East Bay, South Bay/ Peninsula, and North Bay for independent calibrations 

that averaged a mean bias of +1%, a median bias of 0% and a range of +/- 30%). One of the outputs from 

the model is a continuous estimate of runoff for the entire Bay area in GIS format which can be used to 

estimate flow from any spatial extent of interest (parcel, storm, sub-watershed, watershed, sub-region 

(e.g. county), or for the Bay area as a whole (Wu et al., 2017). This GIS map was used here to support 

this project. The RWSM PCBs and mercury pollutant models were calibrated using data from eight 

(PCBs) and six (mercury) well sampled watersheds. The calibration was deemed reasonable for PCBs and 

less good for mercury (Wu et al., 2017). One of the outputs from the model provides event mean 

concentration (EMC) data for stormwater by land use classification, as shown in Table 2.3.  
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Table 2.3 Event Mean Concentrations in Water for PCBs and Mercury by Land Use Classification from the 
Regional Watershed Spreadsheet Model1. 

Land Use Classification 

Event Mean Concentrations (EMCs) 

PCBs ng/L Mercury (ng/L) 

Ag and Open Space 
0.2 

72 

New Urban 3 

Old Residential 4 
63 

Old Commercial and Transportation 50 

Old Industrial 
201 40 

Source Areas 
1Wu et al. 2017 

It is important to note that the land use classifications shown in Table 2.3 are not exactly the same for 

PCBs and mercury, nor are they identical for the same pollutant in Tables 2.2 and 2.3. The differences 

include the following: 

¶ The άƻƭŘ ǳǊōŀƴέ classification in Table 2.2 combines ǘƘŜ άƻƭŘ ǊŜǎƛŘŜƴǘƛŀƭέ ŀƴŘ άold commercial 

ŀƴŘ ǘǊŀƴǎǇƻǊǘŀǘƛƻƴέ ŎŀǘŜƎƻǊƛŜǎ ŦƻǊ PCBs, while these are distinct categories in Table 2.3; 

¶ New Urban, Ag and Open space classifications in Table 2.3 all have the same EMC for PCBs, but 

are split into two separate categories (New Urban, and Ag/Open Space) with different EMCs for 

mercury, and with different PCBs yields for each category in Table 2.2.  

For each HDS Unit catchment in this study, Equation 2-2 was used to calculate the average annual POC 

loads for the catchment, using RWSM inputs as described below.  

(2-2) MCatchment-i = QCatchment-i x C x EMCCatchment-i 

Where:  

MCatchment-i the total POC mass discharged from Catchment-i (the catchment draining to 

HDS Unit-i) over the time period of interest (mg/year); 

QCatchment-i the average annual runoff volume in catchment-i from the RWSM 

(liters/year); 

C unit conversion factor (ng to mg); 

EMCCatchment-i the area-weighted stormwater pollutant event mean concentration (EMC, 

ng/l) for Catchment-i based on land use. The RWSM land use-based EMCs in 

Table 2.3 (Wu et. al. 2017) were used to calculate an area-weighted 

pollutant EMC for each catchment based on the acreage of each land use 

classification in the catchment.  

 



Final  Project Report ï POC Removal Effectiveness of HDS Units  2019  

 

16 

 

2.4.3 Evaluation of HDS Unit Performance  

The HDS Unit performance was evaluated by calculating the annual percent removals of POCs due to 

cleanout of solids from HDS unit sumps. The percent removal of PCBs and mercury from the total 

estimated catchment mass for both of the catchment load estimate methods was calculated using 

Equation 2-3.  

(2-3) Total Catchment Pollutant Mass Removed (%) = [MHDS-i/MCatchment-i] x 100% 
 

Where: 

MHDS-i the total POC mass captured in the sump of HDS Unit i over the time period of 

interest (mg/year); 

MCatchment-i the total POC mass discharged from Catchment-i (the catchment draining to 

HDS Unit-i) over the time period of interest (mg/year) calculated using Method 

#1 or Method #2. 

Two pollutant percent removals were calculated for each HDS unit catchment using Equation 2-3, 

including one for the catchment loads calculated using Method #1 (BASMAA land use-based yields) and 

the second for the catchment loads calculated using Method #2 (RWSM runoff volume x concentration).  
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3 RESULTS AND DISCUSSION 

3.1 HDS UNIT SAMPLING 
Figure 3.1 presents the range of catchment sizes treated by the 37 existing public HDS units in the Bay 

Area at the time of this project, and showing the land use distributions of each catchment. The cities of 

Oakland, Palo Alto, San Jose, and Sunnyvale all had HDS units that were scheduled for maintenance 

during the project period and met the logistical and safety constraints of the project. Between 

September 2017 and March 2018, sampling was attempted at 10 HDS units in these cities and competed 

successfully at the 8 units identified on Figure 3.1 and on the map in Figure 3.2. Although HDS units were 

selected for sampling opportunistically, the HDS units that were sampled span the range of catchment 

sizes treated by existing public HDS units in the Bay Area. The majority of HDS unit catchments (both 

sampled and not sampled) were dominated by old urban land use.  

Additional information about each of the sampled HDS units is presented in Table 3.1. Figures 3.2 - 3.7 

provide maps of the catchments for each of the sampled HDS units in this project.  

 

 

Figure 3.1 Catchment Sizes and Land Use Distributions for Existing Public HDS Units in the San Francisco Bay 
Area. The HDS units that were sampled in this study are identified with a black star (sediment-only 
samples collected) or diamond (sediment/organic debris samples collected).  
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Figure 3.2 Overview Map of the 8 HDS Units Sampled in the San Francisco Bay Area as 
Part of the BASMAA BMP Effectiveness Study. 
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Table 3.1 HDS Units that were sampled in the San Francisco Bay Area as part of the BASMAA POC Monitoring for Management Action Effectiveness Study. 

HDS 
ID 

Date 
Installed 

HDS Description Lat Long 

Land Use Classification (Acres) 

Total 
Area 

(Acres) 
Old 

Industrial 

Old Urban1 
New 

Urban 
Ag/ 

Open 
Old 

Commercial/
Other 

Old 
Residential/

Parks 

1 Sep-2014 
Mathilda overpass project 

CDS1 at California Ave 
Sunnyvale, CA 

37.38224 -122.03306 0.0 0.0 1.5 1.5 0.2 3.3 

2 Sep-2014 
Mathilda overpass project 

CDS2 at Evelyn Ave 
Sunnyvale, CA 

37.37891 -122.03271 1.1 0.3 2.2 3.6 0.0 7.2 

3 
Aug-
2010 

HDS 5-G; Perkins & Bellevue 
(Nature Center) 

Oakland, CA 
37.80744 -122.25597 0.0 5.3 70.0 0.0 0.0 75.3 

4 Jul-2012 
HDS 5-D; 22nd and Valley 

Oakland, CA 
37.81109 -122.26787 1.8 73.2 27.0 0.0 0.3 102.3 

5 Jun-2012 
W. Meadow Drive and Park 

Blvd 
Palo Alto, CA 

37.41816 -122.12538 2.9 17.6 73.9 32.5 0.8 127.5 

6 Sep-2012 
HDS 604; Sunset Avenue SW 

of Alum Rock Avenue 
San Jose, CA 

37.35447 -121.84814 23.0 127.0 441.1 1.6 0.0 592.7 

7 Sep-2015 
HDS 27A -2 units (East Unit 

and West Unit) 
San Jose, CA 

37.38922 -121.99592 269.6 136.2 11.3 282.6 11.9 711.6 

8 Jun-2016 

HDS 612; Lewis Road and 
Lone Bluff Way - Los Lagos 

Golf Course (2 units) 
San Jose, CA 

37.29923 -121.83591 0.0 171.9 503.2 14.4 53.3 742.8 

1¢ƘŜ άhƭŘ ¦Ǌōŀƴέ land use category in ǘƘŜ LƴǘŜǊƛƳ !ŎŎƻǳƴǘƛƴƎ aŜǘƘƻŘƻƭƻƎȅ όнлмтŀύ ǿŀǎ ŦǳǊǘƘŜǊ ŘƛǾƛŘŜŘ ƛƴǘƻ άhƭŘ ŎƻƳƳŜǊŎƛŀƭκƻǘƘŜǊέ ŀƴŘ άhƭŘ ¦Ǌōŀƴ ǊŜǎƛŘŜƴǘƛŀƭκǇŀǊƪǎέ to provide consistency 

with the land use categories in the RWSM (Wu et al. 2017). 
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Figure 3.3 Map of HDS Units #1 and #2 Catchments in Sunnyvale, CA. 

Figure 3.4 Map of HDS Units #3 and #4 Catchments in Oakland, CA 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 








































