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1. INTRODUCTION 

Bay Area stormwater management agencies are helping to implement the PCB and mercury 
Total Maximum Daily Loads in the watersheds surrounding the San Francisco Bay. The Bay 
Area Stormwater Management Agencies Association is leading much of this work through a 
USEPA grant-funded project called Clean Watersheds for a Clean Bay (CW4CB). The project is 
facilitated through a partnership among Bay Area cities and countywide municipal stormwater 
management programs, and the California Department of Public Health. CW4CB includes four 
key tasks and one of these tasks is to evaluate enhancements of municipal operation and 
maintenance (O&M) activities that remove sediments and associated pollutants, including PCBs 
and mercury. This report is a compilation of the study designs for four O&M pilot projects in 
five drainage areas identified as having elevated PCB concentrations in sediment. The range of 
proposed O&M enhancements consists of a pump station cleanout, a hybrid 
monitoring/modeling evaluation of enhanced street sweeping practices, storm drain line cleaning, 
and street flushing. The study design for fifth pilot study, which entails a cleanout and video 
inspection of a storm drain line along Leo Avenue in San Jose, has been prepared by EOA 
(EOA, 2013). The pilot study locations are shown in Figure 1-1. 

1.1 General Approach to Study Designs 

The study designs summarized herein were designed for consistency with the primary goal of 
quantifying the mass of PCBs and mercury reduced via the pilot study enhanced sediment 
removal activities. Except for the street flushing and capture study in the Pulgas Creek Pump 
Station Watershed which entails sampling and analysis of the street flushing water, the 
monitoring to evaluate mass reduction associated with the O&M activities entails sampling and 
analysis of sediment samples. All pilot studies will have a baseline set of chemical analysis 
which includes (for sediment samples) PCB congeners, total mercury, particle size distribution, 
bulk density, and total organic carbon.  

In order to increase the applicability of the pilot studies as a regional knowledgebase, a 
secondary objective is to evaluate what fraction of sediment can be effectively removed by the 
O&M activity, and the concentration and mass of PCBs and mercury in that size fraction. 
Ultimately an understanding of concentration and mass relative to grain size distributions will 
provide an improved ability to estimate the effectiveness of different O&M enhancements. Due 
to the high cost of PCB analyses, a screening methodology will be implemented to identify 
samples that will have PCB and mercury analyses performed for two grain size fractions (less 
than and equal to, and greater than 63 microns [µm]), based on the analysis of the whole 
sediment sample. The two grain size fractions were selected as a representative division between 
the sand and silt fractions. 
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• Based on an analysis of the whole sample, additional grain size concentrations will be 
determined if the whole sample PCB concentration is ≥ 100 µg/Kg, or the mercury 
concentration is ≥ 150 µg/Kg, and the sample has more than 25 percent fines based on the 
particle size distribution analysis.  

• The PCB and mercury concentration triggers were selected based on an analysis of the 
SFEI database, which contains sediment samples collected from Bay Area streets (and 
other areas such as drain inlets and pump stations), and are representative of “medium” 
concentrations. Fifty four percent of the mercury samples in the database had mercury 
concentrations less than 150 µg/Kg, and sixty one percent of the database samples had 
PCB concentrations less than 100 µg/Kg. Twenty five percent fines was selected as being 
representative of samples with a significant amount of fines, which could have different 
PCB and mercury concentrations than the coarse fraction. 

1.2 Report Organization 

This remainder of this report is organized as follows. Section 2 presents the study design for the 
Ettie Street Pump station (Oakland); Section 3 presents the study design for the enhanced street 
sweeping studies that will occur in San Jose, Sunnyvale, and Richmond; Section 4 describes the 
study design for the Lauritzen Channel watershed (Richmond); Section 5 presents the study 
design for the Pulgas Pump Station watershed (San Carlos). 
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2. ETTIE STREET PUMP STATION ENHANCED CLEANOUT PILOT STUDY, 
OAKLAND 

2.1 Introduction 

The goal of the Ettie Street Pump Station (Pump Station) enhanced cleanout pilot study is to 
determine the increase in the mass of sediments and associated pollutants of concern (POCs) 
removed by annually cleaning out all four wet wells in the Pump Station compared to current 
practice where cleanout has been restricted to two of the four wet wells because of access 
constraints. The hypothesis is that, following removal, an equal mass of material will redeposit 
that otherwise would have been discharged to the Bay.   

Much of the information describing the operation and maintenance of the Pump Station was 
obtained from Alameda County Flood Control and Water Conservation District (ACFCWCD) 
maintenance and operations staff during and following a site visit conducted by Geosyntec on 
March 13, 2013. Section 2.3 describes the recent history of cleanouts starting around 1998, when 
the facility was deeded over by the City of Oakland to the ACFCWCD. Section 2.4 recommends 
a study design to potentially enhance the mass of sediments and associated POCs (e.g., 
polychorinated biphenyls (PCBs) and mercury) removed from the Pump Station that otherwise 
could contribute loads to San Francisco Bay.  

2.2 Study Area Description 

The Pump Station is located in West Oakland at 3455 Ettie Street, adjacent to MacArthur 
Freeway to the north and Nimitz Freeway to the west. The Pump Station is an ACFCWCD 
facility that collects and pumps stormwater runoff to the San Francisco Bay. The Pump Station 
drainage catchment is comprised of approximately 954 acres in west Oakland and includes 
residential, commercial, and industrial land uses.  

Stormwater from the drainage catchment enters the pump station through a 108 inch storm drain 
pipe. A 15 foot transition conveys the stormwater into two forebays and each forebay leads to 
two wet wells (see Figure 2-1 and Figure 2-2). The wet wells are numbered 1 – 4 as indicated in 
Figure 2-1 and Figure 2-2. For convenience, in this memorandum the two wells to the north (wet 
wells 1 and 2) will be referred to as the “northern wet wells” and the two wet wells to the south 
(wet wells 3 and 4) as the “southern wet wells”. The area of each of the four wet wells is 
approximately 600 square feet, and the walls around each forebay are approximately 15 feet 
high. There is no hydraulic connection between the northern set of wet wells/forebay and the 
southern set of wet wells/forebay, except indirectly through backwater conditions that affect the 
amount of water from the influent pipe that enters either set of wet wells.   
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The Pump Station contains four main pumps rated at 112,000 gallons per minute (gpm), one in 
each wet well, that operate primarily during and following storm events. The number and pattern 
of main pumps operating during the wet weather storm events depend on event size, system 
programming, and operating decisions, and may vary within and among seasons.   

The station also contains two 10,000 gpm auxiliary pumps, one that serves the northern set of 
wet wells, and one that serves the southern set of wet wells. These pumps maintain the water 
levels in the pump station during dry weather conditions and are used to dewater the wet wells 
for cleaning or other maintenance activities.  

The pump schedule is such that water levels in the wet wells during dry weather are maintained 
at approximately seven feet above the bottom of the wet wells. During most wet weather 
conditions, water levels are maintained within each wet well; however, during extreme events, 
water levels have exceeded the 15-foot high walls around each wet well and flooded the floor of 
the pump station.  

There is very limited data on the temporal or spatial pattern of sediment accumulation in the wet 
wells. Observations made by staff after the wet wells are dewatered include areas in the wet 
wells where sediment is mounded and other areas were sediment depth is limited. This is 
reasonable given our understanding of the hydraulics of the system where sediment scour is 
expected in the vicinity of the pumps and near the upper portions of the forebay where water 
enters the pump station.  

2.3 Operations and Maintenance Activity 

2.3.1 PCB Data Collected at the Pump Station 

Four sediment samples collected from the wet wells of the Pump Station were collected in 2000 
(Gunther et. al. 2001), 2001 (Salop, 2002), 2004 and 2006 (Salop, 2006) and analyzed for PCB 
and mercury concentrations. These data are summarized in Table 2-1 below. Percent fines (<63 
um) were measured in two samples, and was approximately 43% in the 2001 sample and was 
less than 2% in the 2004 sample. Coarse material is to be expected given the high energy 
conditions during wet weather, but these limited data indicate substantial variability in time or 
space.  
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Ettie Street Pump Station  
Sediment Core Sampling Locations 

 

Oakland, CA 

Oakland July 2013 
** Samples from each wet well to be composited separately 

Note: Sampling locations and cells for complete                            
           cleanout.   
           For partial cleanout, only those cells to be  
           cleaned would be sampled. 
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Ettie Street Pump Station  
Sediment Core Sampling Locations 

 

Oakland, CA 

Oakland July 2013 ** Samples from each wet well to be composited separately 

Note: Sampling locations and cells for complete                            
           cleanout.   
           For partial cleanout, only those cells to be  
           cleaned would be sampled. 
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Table 2-1: Summary of Ettie Street Pump Station Sediment Samples 

Sample ID Date Total PCBs 
(µg/kg) 

Total Hg 
(µg/kg) 

2000 Ettie Street 9/26/00 3,263 Not Analyzed 
2001 Ettie Street 2001* 762.6 940 
Ettie-1 10/14/04 28 270 
Ettie-2 2/15/06 315 880 

 * Sampling conducted between September 11th and 19th, 2001.  

2.3.2 Baseline Wet Well Sediment Removal Activities 

The baseline operations and maintenance activities that are performed at the Pump Station 
include an annual dewatering and visual inspection of sediment accumulation. The decision to 
remove accumulated sediments is based on visual inspections of accumulated sediment. Per 
discussions with Pump Station personnel, typically, if greater than 50% of the wet well floor has 
sediment accumulation greater than 1 foot per visual assessment, sediment removal will be 
scheduled (staff emphasized that the variability in depositional patterns made the decision to 
remove sediments more qualitative than suggested by this statement). Sediment removal is 
performed using a vactor truck, which, because of constraints associated with access and current 
equipment, removes silted material from the two southern wet wells only.  

Accumulated sediment was completely removed from the Pump Station in 1998 as a condition of 
ownership transfer from the City of Oakland to the ACFCWCD (personal communication, Gene 
Mazza ACFCWCD Pump Station supervisor). Recorded sediment removal since fiscal year 
2000-2001 is summarized in Table 2-2 below. Table 2-2 also shows those dates when only 
dewatering and inspection were conducted, but no sediment was removed. When sediment 
removal is conducted, it tends to occur in a more or less consecutive 3-day process. In such 
cases, on the first day dewatering and visual inspections are conducted to determine if removal is 
warranted. Most sediment removal occurs during May, June, or July, but as indicated in Table 2-
2, sediment removal has been conducted in the past during the wet season. (Staff explained that 
sediment removal can be conducted during extended dry spells in the wet season.)   
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Table 2-2: Recorded Material Removed from Ettie Street Pump Station 

Date Actions Material Removed (cy) Cost 
FY 00/01 Cleaning 29 $10,263.00 
7/1/2003 Dewatering 0 $  1,156.02 
8/11/2004 Cleaning 3 $  1,073.99 
1/26/2005 Cleaning 5 $     281.00 
2/16/2005 Cleaning 4 $     308.10 
11/8/2005 Cleaning 5 $     665.05 
2/28/2006 Cleaning 3 $     353.81 
3/13/2006 Cleaning 2 $     325.82 
3/20/2006 Cleaning 2 $     325.82 
5/15/2006 Dewatering 0 $  1,625.94 
5/16/2006 Cleaning 5 $  4,160.58 
5/31/2006 Cleaning 10 $  3,541.40 
6/1/2006 Cleaning 14 $  3,414.68 
6/12/2006 Dewatering 0 $  4,829.70 
6/14/2006 Cleaning 10 $  4,566.15 
6/15/2006 Cleaning 10 $  3,622.00 
2/26/2008 Cleaning 6 $     409.46 
7/8/2008 Dewatering 0 $  3,191.92 
7/9/2008 Cleaning 10 $  3,925.12 
7/10/2008 Cleaning 10 $  3,925.12 
7/21/2009 Dewatering 0 $  3,697.99 
6/7/2011 Dewatering 0 $  3,384.44 

Note: Current practice calls for disposal at ACFCWCD San Lorenzo transfer station and does not 
include testing for disposal evaluation. Future costs for disposal could be affected when sediment is 
subject to chemical testing.  
Note 2: Cost estimates include labor and amortization of vactor truck 

 

Table 2-3 below summarizes the estimated total volume of sediment removed by year. Extensive 
sediment removal was conducted in 2006, and the most recent sediment removal was conducted 
in 2008. The current vactor truck used for wet well cleaning has a capacity of 12 cubic yards, and 
the maintenance staff estimate that a full vactor truck load contains about 10 cubic yards of 
sediment. Staff indicated that it takes about one day to fully load the vactor truck; therefore, for 
each day of cleanout, approximately 10 cubic yards of sediment is removed from the wet wells.  

According to staff, there is an annual budget for dewatering, inspection, and cleaning if needed. 
For example, a three-day dewatering and cleanout is scheduled for May or June 2013 with an 
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allocated budget of approximately $15,400, which covers six personnel for three days or 18 
person-days. 

Table 2-3 also estimates the total mass of PCBs removed per year based on the annual sediment 
removed and the four measurements of PCBs concentrations summarized in Table 2-1. Given the 
large range in PCB concentrations, estimates of PCB mass removed are also provided based on 
the median of the four concentration measurements. Based on the median concentration of 
539µg/kg, the range of annual PCB mass removed is about 2-35 grams depending on the year. 
Table 2-3 shows a similar analysis for mercury that indicates a median concentration of 
880µg/kg and a range of total mercury removed per year of about 3-57 grams. 

Table 2-3: Summary of Material and Associated PCBs Removed from Ettie Street Pump 
Station 

Year 

Material 
Removed 
Per Year 

(cy) 

Mass of PCBs Removed (grams)1 Mass of Mercury Removed (grams)1 
Low 

28 µg/kg 
High 

3263 µg/kg 
Median2 

539  
µg/kg 

Low 
270 

µg/kg 

High 
940  

µg/kg 

Median2 
880 

µg/kg 
2001 29 0.95 110 18 9.1 32 30 
2003 14 0.46 53 8.8 4.4 15 14 
2004 3 0.10 11 1.9 0.94 3.3 3.1 
2005 14 0.46 53 8.8 4.4 15 14 
2006 56 1.8 210 35 18 61 57 
2008 26 0.85 99 16 8.2 28 27 
2009 0 0.0 0.0 0.0 0.00 0.00 0.00 
2011 0 0.0 0.0 0.0 0.00 0.00 0.00 
1 Assumes a material density of 2,569 lb/cy (1165 kg/cy) based on sediment density guidance in FEMA Debris 
Estimating Field Guide, Appendix F Debris Estimating Guides, FEMA 329, Sept. 2010 
(http:fema.gov/pdf/government/grant/pa/fema_329_debris_estimating.pdf) and CalRecycle Diversion Study Guide, 
Appendix I. 
2 Medians calculated based on data in Table 2-1. 
 
The ACFCWCD conducted a Pump Station cleanout on May 14, 2013. To assist with the pilot 
study, following dewatering staff from ADH measured the depth of sediments in the southern 
wet wells at the locations shown in Figure 2-2. Based on these depth measurements, there were 
approximately 13 cubic yards of sediment in wet well 3 and in that portion of the forebay leading 
to wet well 3. The corresponding sediment in wet well 4 was estimated at 19 cubic yards. ADH 
also collected sediment samples at the locations shown in Figure 2-2 and composited the samples 
for each wet well for PCB and mercury analysis. The measured PCB concentration in the wet 
well 3 composite sample was approximately 135 µg/kg, and in wet well 4 125 µg/kg. The 
density of the material also was measured. Based on these measurements the total PCB mass in 
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wet well 3 was estimated to be about 2.0 grams, and 2.7 grams in wet well 4.  Mercury 
concentrations were 0.17 mg/kg in wet well 3 which yields an estimated mass of mercury of 
approximately 2.5 grams. In wet well 4 the concentration was 0.27 mg/kg corresponding to a 
mass of approximately 6 grams. The cleanout removed most of the material from wet well 4 and 
also removed material from the forebay leading to wet wells 3 and 4. 

In summary, the cleanout practices have varied over the years; however, there is currently a 
baseline cleanout protocol that consists of annual budgeting for a three day cleanout of the 
southern wet wells in spring or early summer. On the first day, the wet wells are dewatered, and 
if the accumulation is considered sufficient, the following two days are used to vactor out the 
material. So the baseline condition could be defined as “annual inspection during the dry season 
and cleanout of two southern wet wells if deemed warranted”. 

The sediment that is removed from the Pump Station is deposited at the Alameda County waste 
transfer station in San Lorenzo. No chemical testing is conducted in the Pump Station as part of 
the cleanout and staff indicated that testing was not conducted for sediment collected at the San 
Lorenzo transfer station.  

2.3.3 Enhanced Cleanout Practices 

The ACFCWCD is planning on purchasing a new vactor truck that should facilitate removal of 
sediment from the northern wet wells as well as southern wet wells. This enhancement will 
include no other changes in current scheme of annual wet well inspection and cleanout, but will 
require an increased budget to allow for additional days to clean out the northern wet wells.  

2.4 Study Design 

The ultimate goal of the pilot study is to estimate the load avoided under the enhanced O&M 
operation compared to the current baseline operation. The recommendation for enhanced O&M 
operation is a full cleanout of all four of the wet wells in the Pump Station in the spring of 2014 
following the wet season (May or June).  

In the case of the Pump Station, the key assumption is that sediment removed would otherwise 
contribute to loads to San Francisco Bay. The focus is thus to measure the variables needed to 
estimate the mass of sediment removed during cleanout and the mass of PCBs contained in that 
sediment, along with any other variables that could potentially aid in interpreting the data.  

The key variables involved in the study design are as follows: 

• Volume and mass of sediment removed from each wet well. 

• Particle size distribution of sediment removed. 
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• Concentration and mass of PCBs and mercury contained in the sediment removed. 

The following describes the recommended methods for measuring each of these variables.  

2.4.1 Volume and Mass of Sediment Removed 

The volume of sediment removed will be estimated based on measurements of the sediment 
accumulation in the wet wells prior to cleanout. Sediment depth measurements will be taken 
after the wet wells are dewatered at the locations shown in Figure 2-1 and Figure 2-2. (If upon 
inspection, only a portion of the wet wells is cleaned, sampling will be limited to those cells 
which are planned to be cleaned.) These measurements will then yield the total volume of wet 
sediment removed (assuming all sediment is removed as a result of the cleanout). The bulk wet 
density will be measured and corrected for water content. The mass of dry sediment is the 
product of the dry bulk density times the total volume of wet sediment measured.  

2.4.2 PCB and Mercury Concentrations 

PCB and mercury concentrations will be estimated based on chemical analyses of sediment 
samples. Analysis will not be conducted on pore water given hydrophobic nature of PCBs and 
mercury. Sediment samples will be collected in the wet wells following dewatering. Discrete 
samples will be collected per the scheme shown in Figure 2-1 for the forebay and wet wells one 
and two, and as shown in Figure 2-2 for the forebay and wet wells 3 and 4. (If only a portion of 
the wet wells is planned to be cleaned, only those cells that are planned to be cleaned will be 
sampled for chemistry.) At each sampling location, the sample will be obtained from the full 
depth of sediment (i.e., to the wet well floor). The discrete samples collected from each wet well 
will be composited for chemical analyses. The four composite samples will also be analyzed for 
particle size distribution, total organic carbon and bulk density. The mass of PCBs and mercury 
will be estimated as the product of the concentration times the dry mass of sediment removed. If 
the particle size data indicates a significant fine fraction and the PCB and/or mercury 
concentrations are elevated, the concentrations in grain size less than and greater than 63µm will 
be determined.  

2.5 Study Assumptions 

The following are key assumptions in the study design.  

• Sediments and associated PCBs and mercury removed would otherwise contribute to 
loads to the San Francisco Bay. 

• Sediment volume and chemistry can be estimated at a sufficient level of accuracy by 
sampling at locations shown in Figure 2-1 and Figure 2-2. 
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• Sediment samples collected in the grid pattern (Figure 2-1 and Figure 2-2) in each wet 
well will capture the spatial variability of PCB and mercury mass in the wet well. 

2.6 Field Data Collection 

Table 2-4 provides a summary of the recommended study design parameters and field data 
collection needs described in the sections above.  

Table 2-4: Ettie Street Pump Station Cleanout Study 
Design Parameters and Data Collection Needs 

Study Design Parameter Recommendations 

Study Period/Timing for Sampling Event 
• Conduct a full clean out in spring 2014 and 

conduct sampling prior to cleanout (post-rainy 
season). 

Number of Sampling Events One 
Matrix to be Sampled Sediment (pore water not included) 

Number of Samples to be Collected 

One composite sample from each of the 4 wet 
wells and the forebay in front of each wet well (in-
situ), for a total of 4 samples, plus 1 additional 
sample for QA/QC (field duplicates) per the 
CW4CB Final QAPP (September 2012). The 
estimated number of discrete samples comprising 
each forebay and wet well composite sample is 
shown in Figure 2-1 and Figure 2-2. 

Parameters to be Analyzed 

• PCB congeners 
• Mercury 
• Particle size distribution 
• Total Organic Carbon 
• Bulk density 

Field Data Collection • Depth of sediment accumulation for each 
discrete sample collected from each wet well. 

Other data collection • Total rainfall accumulation (inches) between May 
2013 cleanout and spring 2014 cleanout. 

 

2.7 Estimated Costs for Implementing the Study Design 

The estimated costs for implementing the recommended study design are summarized in Table 
2-5. 
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Table 2-5: Estimated Costs for Ettie Street Pump Station Pilot Study 

Budget Item Estimated Budget Assumptions 
Enhanced O&M Implementation 
ACPWA Staff $10,000 4 staff x 4 days x ~ $620/day 
Confined Space Support $10,000  4days @ ~$2500/day 
Vactor per diem $1,000 ~$200 per day for 4 days (rounded up) 
Total  $21,000 

 Contingency 20% $4,000 
 Implementation Total  $25,000 
 Monitoring 

  

Lab Analysis  $8,360  

4 Composite Samples sediment samples 
plus 1 QA/QC sample; assume 2 of the 4 
samples will have additional 
concentration grain size analysis. 

Field Sampling Labor with 
Confined Space Entry $17,500 

$1,500 per sample based on May 14, 
2013 sediment sampling (assume 4 
samples plus 1 for QA/QC) 
Confined space entry is $5,000/day, with 
an estimated 2 days for sampling 

Data Management, QA/QC, 
PM/Reporting $5,600 

Data management/QA/AC ($500/sample) 
PM Reporting ($300/sample) 
7 samples total 

15% Contingency $4,720  
Monitoring Total $36,180  

Pilot Study Project Total $61,180  
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3. STUDY DESIGN FOR INTEGRATED MONITORING AND WINSLAMM 
MODELING, ENHANCED STREET SWEEPING PILOT STUDY, SAN JOSE, 
SUNNYVALE, RICHMOND 

3.1 Goals 

The primary study design goal is to conduct street sweeping studies along a portion of East 
California Avenue in Sunnyvale (Figure 3-1), in the Leo Avenue Catchment in San Jose (Figure 
3-2), and on Hoffman Boulevard in Richmond (Figure 3-3), where PCBs may still be found in 
roadway sediments. The data will be used to populate and calibrate the Windows version of the 
Source Loading and Management Model (WinSLAMM). WinSLAMM will then be used to 
estimate the effectiveness of enhanced street sweeping practices in the pilot study areas. Such 
enhanced practices could include the use of advanced equipment, more frequent sweeping, or 
improvements in parking control. The increased cumulative effectiveness1 of enhanced street 
sweeping practices, compared to baseline, will be a measure of the potential for enhanced street 
sweeping to reduce loads to the Bay.  

3.2 Study Area Description 

Test segments for street sweeping should have sediment sources that are principally associated 
with vehicular traffic or runoff from adjacent parcels. No construction should be conducted 
during the pilot testing. Moreover, the roadway to be swept should be relatively smooth 
pavement and have a functioning curb and gutter system. Also the segments must be located in 
jurisdictions where the agency is willing to cooperate and participate in the study. Based on these 
criteria, baseline street sweeping effectiveness will be measured in selected road segments in the 
three test areas.  

The Sunnyvale tests will be conducted along a segment of East California Avenue as shown in 
Figure 3-1. Sweeping is regularly conducted every 14 days. The San Jose tests will be conducted 
in a block located in the Leo Avenue watershed which is shown in Figure 3-2. The Leo Avenue 
watershed has been characterized in terms of land use, drainage, and sediment accumulation and 
chemistry in a desktop analysis of various candidate locations for pilot tests in the Bay Area 
(EOA, 2012). The Leo Avenue watershed is swept every 14 days with a mechanical broom 
sweeper. The Richmond Hoffman Boulevard segment is located in the Parr Channel Watershed 
where CW4CB Task 3 activities have identified a metal recycler as a potential source area that is 
located in both the Parr Channel and the Lauritzen Channel watersheds (Figure 3-3). 

                                                 

1 Effectiveness is defined herein as the extent to which street sweeping reduces the sediment loading on streets 
(pounds/curb mile) that would otherwise be available for mobilization by storm events. Cumulative effectiveness 
refers to the seasonal reduction in street surface loading attributed to street sweeping.  
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Figure 3-1: Sunnyvale Street Sweeping Pilot Roadway Segment –  

East California Avenue between North Fair Oaks and North Sunnyvale Avenue
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Figure 3-2: San Jose Street Sweeping Pilot Study – Leo Avenue Watershed  

(Source: EOA, 2012) 
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Figure 3-3: Richmond Parr Channel Watershed Street Sweeping Pilot Study –Hoffman 
Boulevard and 2012 Task 3 PCB Concentrations (µg/Kg) 

(Source: Khalil Abu-Saba) 

 
As shown on Figure 3-3, PCB concentrations ranging from 932 µg/kg to 1,450 µg/kg were 
measured on all three sides of the metal recycling source area; those 2012 measurements 
substantiate previous findings from studies conducted 2000 – 2007. The City of Richmond uses 
regenerative air sweepers in areas such as Hoffman Boulevard. For the pilot study, sweeping will 
be conducted weekly along Hoffman Boulevard. 

As part of the field activities, current street sweeping programs at each pilot study location will 
be defined in terms of equipment type, frequency, parking controls, and any other factors that 

Green < 200 µg/kh
Blue 200 to 700 µg/kg
Red >700 µg/kg

Hoffman 
Blvd.

Green <200 µg/kg 
Blue 200 – 700 µg/kg 
Red > 700 µg/kg 
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could define the effectiveness of the current sweeping program in terms of affecting street 
surface loading.  

3.3 Description of the O&M Activity 

Street sweeping is an ongoing municipal function that has the potential to reduce pollutants that 
accumulate on street surfaces. Such pollutants would otherwise be mobilized during storm 
events, enter the MS4 storm drain system, and be discharged to San Francisco Bay. EOA and 
Geosyntec conducted a literature review of sediment management practices including street 
sweeping (EOA and Geosyntec, 2011). The review included a detailed analysis of 21 studies 
conducted in the Bay Area and elsewhere and included information on the where and when the 
study was conducted, sweeper types tested, land use, pollutants, study design, effectiveness, and 
costs. The report also addressed data gaps indicating that most street cleaning studies did not 
address PCBs or mercury, and there was a general lack of more recent studies reflecting 
improved technology in semi-arid climates.  

The effectiveness of street cleaning is highly dependent on the available street dirt loading. Street 
dirt loadings are the result of deposition and removal rates, plus “permanent storage.” The 
permanent storage component, which is the quantity of street dirt that cannot be removed 
naturally by rains or winds, or by street cleaning equipment, is a function of street texture and 
condition. The street dirt loading at any time is this initial permanent loading plus the 
accumulation amount corresponding to the exposure period, minus the re-suspended material 
removal by wind and traffic-induced turbulence (which is maximized when street dirt loadings 
are high and the street texture is smooth). 

3.4 Study Design 

The focus of the pilot study will be on evaluating the seasonal change in loading of street 
sediment and POCs (e.g., in units of pounds/curb mile) on three test roadway segments under the 
current street sweeping program. The primary goal is to collect local data that can be used to 
develop a baseline productivity function for each test watershed, which can be incorporated into 
the WinSLAMM model. The productivity function will be expressed in terms of the mass of 
solids, PCBs and mercury per curb mile in the street before and after street sweeping.  

WinSLAMM also simulates street dirt build-up and particulate washoff functions. Developing a 
field study to evaluate build-up requires frequent sampling of street sediment in between street 
sweeping events and evaluating washoff entails the collection of stormwater runoff samples, 
both of which are not feasible within the allotted study design budgets. Consequently 
WinSLAMM default values for build-up will be used to model the pilot study areas. During the 
WinSLAMM modeling phase, the feasibility of using Bay Area stormwater data collected 
outside the pilot study areas (such as Alameda County Zone 4 Line A data), will be evaluated; 
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these data could potentially be used to develop POC correlations (e.g., total suspended solids 
versus PCBs) that could then be used to determine the enrichment factor for the washoff 
component in WinSLAMM. In the absence of suitable local correlations, the default 
WinSLAMM washoff parameters will be used to model the pilot study areas. 

The pilot study field monitoring component will consist of sweeping the test segments using the 
current street sweeping equipment and frequency and with parking controls in force (if feasible) 
so that equipment can access the gutter where street sediments primarily accumulate. Each 
municipality will operate the street sweeping equipment on a regular frequency and will 
communicate with the field sampling project manager so that sampling could be conducted prior 
to and following selected street sweeping passes. Approximately 10 sampling rounds will be 
conducted in each city during the study period.  

A priority of the study design will be to conduct the initial sampling prior to the start of the wet 
season (September), so that dry season street dirt build-up conditions can be incorporated into 
WinSLAMM. Sampling will be prioritized for when street loads are the highest, which 
depending on the timing of storms and total precipitation would likely be towards the beginning 
of the wet season (i.e., October-November). A secondary goal will be to sample a range of 
conditions (for example, capture sweeping events with different antecedent dry periods and 
occurring after storms of various magnitudes and intensities). The sampling will be conducted by 
the sampling contractor and will involve vacuuming street dirt in narrow strips (approximately 6-
inch swath corresponding to the width of the vacuum nozzle) extending from curb to curb (see 
Figure 3-4). The vacuuming will be conducted before and after each sweeper pass, following 
methods described in Selbig and Bannerman (2007). Strips will be marked off approximately 
every 100 feet of roadway, and vacuuming will be conducted at approximately 10 strips selected 
randomly along the selected road segment, making sure that the post sweeping transects are not 
the same as the pre-sweeping transects. Sediments will be composited, dried if necessary, and 
screened to eliminate coarse sediments (> 2 mm) prior to analysis. For each sampling round, 
there will be one composite sample for the pre-sweeping sampling, and one composite sample 
for the post-sweeping. The total number of samples to be analyzed for the 10 sampling rounds at 
each site will then be 20. Field work will also include observations and documentation (including 
photos) of street sweeping activities, traffic conditions and road, and other pre- and post-storm 
event observations. 

Sediment samples will be analyzed for parameters that can be input into WinSLAMM (total 
mercury and PCB congeners) and ancillary parameters that will help interpret the data (particle 
size distribution, total organic carbon, and bulk density).  
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Figure 3-4: Demonstration of Vacuum Equipment Used to Collect Street Sediment Samples 

(from curb to curb) 
(Source: Selbig and Bannerman, 2007) 

3.5 Study Assumptions 

Study assumptions are as follows: 

• The baseline sweeping program will be conducted on a fixed routine schedule using the 
same piece of equipment each time, and ideally the same operator (or per the normal 
municipal routine). Sweeping will be conducted in the gutter of both sides of the test road 
segment.  

• Parking restrictions will be employed at the three pilot study sites to remove the 
confounding effect of parked vehicles on sweeping effectiveness.  

• Ten pairs of sub-samples for each pilot study area are adequate to capture the variability 
in street sediment loadings prior to and following sweeping passes.  

• No construction will be conducted in the pilot study catchments during the study period. 
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3.6 Sampling Design and Field Data Collection 

Sampling Design and Methods – Sampling will consist of vacuuming sediments from the road 
surface at randomly selected transects within the roadway test segment following methods 
described in Selbig and Bannerman (2007). Vacuuming will be conducted from curb to curb 
prior to and following street sweeper passes. Sediment will be collected and composited from a 
minimum of 10 transects. A total of 10 sampling rounds per site, two paired composite samples 
per round (pre- and post-sweeping), with two rounds per month starting in September 2013 and 
ending in May 2014, for a total of 10 sampling rounds and 20 paired composite samples at each 
site, for a total of 60 samples for the three pilot study areas.  

In addition, the following field data will be collected: 

• Rainfall information – Local rainfall data for the study period from an available local rain 
gage will be compiled and analyzed to characterize rainfall conditions during the study 
period. 

• Sub-catchment information – Data on catchment delineation and drainage information 
including drop inlet locations and storm drain infrastructure.  

• Vehicular traffic information – Average Annual Weekday Traffic (ADT) and estimated 
traffic speed. 

• Street Conditions – Width, texture, slope, parking controls and densities, type of 
landscaping adjacent to the road. 

• Driveway Conditions – Paved or unpaved, texture. 

• Street Sweeper Information – Street cleaning frequency and cleaner type, operational 
speed, maintenance records, operator training. 

• Pre- and post-street cleaning sediment samples – Observations about the mass of street 
dirt collected and the composition (e.g., particle size, amount of vegetative debris versus 
sediment). 

• Photo Documentation – Photo documentation of pre- and post-sweeping roadway 
transects. 

3.7 WinSLAMM Features 

WinSLAMM is a continuous pollutant loading model that simulates pollutant loading from small 
developed urban catchments as well as the effectiveness of various source control and treatment 
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control measures in reducing overall pollutant concentration and loads. Distinguishing features 
of the model that are particularly relevant for this application include: (1) finer resolution of land 
use types including roofs, parking, driveways/sidewalks, streets, and landscaped areas (referred 
to as land use sub-types); and (2) extensive empirical data on street cleaning effectiveness and 
sediment accumulation processes and the ability to evaluate enhanced practices. 

The hybrid monitoring and modeling approach will entail monitoring of the baseline street 
sweeping condition to develop the necessary data to calibrate WinSLAMM and use the 
calibrated model to evaluate the potential reductions in POC loads associated with various street 
cleaning enhancements. The types of enhancements that can be modeled in WinSLAMM are: 

• Street cleaning frequency; 

• Type of sweeper (e.g., mechanical broom, vacuum assisted); and  

• Street texture, parking density, and parking controls are collectively modeled by 
adjusting cleaner productivity, which defines the relation between pre- and post-sweeping 
street surface loading (lbs/curb-mile). (Local monitoring data will be used to develop the 
productivity functions for the pilot study areas.) 

The field data listed above will also be used to calibrate WinSLAMM. With these site-specific 
monitoring data, WinSLAMM will help estimate watershed-scale pollutant load reduction and/or 
effectiveness of enhanced street sweeping in the pilot study areas. The WinSLAMM model 
interface for street sweeping controls is illustrated in Figure 3-5. 
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Figure 3-5: WinSLAMM Model Interface for Street Sweeping Controls 
(from WinSLAMM v. 10 User’s Guide)  

 
 

3.8 Budget 

Table 3-1 summarizes the estimated budget for the street sweeping monitoring and WinSLAMM 
modeling pilot study. 
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Table 3-1: Estimated Cost for Implementing the 
Enhanced Street Sweeping Pilot Study 

Item Estimated Budget Assumptions 
Implementation 

Sweeper schedule coordination and 
parking enforcement $30,000 

• Assumes 10K for each municipality to assist 
with coordinating the sweeper schedule with 
the field monitoring and for implementing 
parking enforcement 

• Traffic control is under monitoring contractor 
budget 

Total Implementation $30,000 
 Monitoring 

Analytical Cost $78,340 

60 vacuum sediment samples plus 6 for QA/QC 
Assumes 6 vacuum sediment samples for 
additional grain size concentration analysis 

Field Sampling Labor  $51,840 

Field training. Field sampling: 1 day per site, 3 
sites, 10 days at each site, 2-person field crew, 
plus contingency 

Field sampling equipment, travel costs 
and traffic control $19,840 

Vacuum sampling equipment, generator (may be 
combination of purchasing new equipment and 
borrowing from USGS with shipping costs). $5K 
estimated for traffic control at the 3 sites. $2,500 
estimated for mileage and fuel. 

Data Management, QA/QC, 
PM/Reporting $52,800 

Data Management/ QA/QC ($500/sample) 
PM/Reporting ($300/sample) 
66 samples total  

15% Contingency $30,400  
Total Monitoring $233,220  

Win SLAMM Modeling (Geosyntec and 
subconsultants) $109,400 

Model current sweeping condition and enhanced 
scenarios for 3 pilot study areas: Sunnyvale, San 
Jose, Richmond 

Total Pilot Study Budget $372,600 
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4. STORM DRAIN SYSTEM CLEANING AND CLOSED CIRCUIT TELEVISION 
INSPECTION PILOT PROJECT, LAURITZEN CHANNEL WATERSHED, 
RICHMOND 

This pilot study is designed to estimate the load reduction benefit of cleaning out a storm drain 
line and manhole in the Lauritzen Channel watershed, in an area with known legacy 
contamination. This study also aims to document how a closed circuit television inspection of the 
stormwater drainage system can facilitate load reduction by abating sources of infiltration in 
areas where storm drain lines are located below legacy contamination.   

4.1 Pilot Study Goals 

The goals of this pilot project are as follows: 

• Clean out sediments from a manhole and storm drain line segment located along South 
4th Street in the Lauritzen Channel watershed; 

• Characterize mercury and PCB concentrations in sediments that are removed from the 
storm drain system; 

• Inspect the storm drain line via closed circuit television (CCTV) to better delineate the 
stormwater drainage system (some connections/line locations have high uncertainty) and 
to determine whether cracks or joint separations exist that may allow for infiltration of 
sediment into the storm drain from surrounding buried soils. The line needs to be cleaned 
out and restored so that as the quality of stormwater entering the line is improved by 
actions on the surface, it does not get degraded by entering a conveyance system 
containing sediments with elevated concentrations of pollutants; and 

• Establish a baseline for comparison to future CCTV inspections to be conducted by the 
City of Richmond. 

Pilot study activities will provide the dual benefit of documenting POC mass removed from the 
storm drain system during the sediment removal, and potential new information as to whether 
cracks or separations in the storm drain conveyance allow water or sediments to enter by 
infiltration. The lessons learned will be generally applicable to Bay Area locations where storm 
drains are located in soils that may have legacy contamination and may be entering the 
stormwater drainage system by infiltration. For example, the City of Berkeley recommends 
CCTV inspections of storm drain infrastructure in the 2011 Watershed Management Plan (which 
will be implemented through a voter-approved bond fund). If the CCTV inspection shows that 
the storm drain line is structurally compromised, the line will be sliplined, which will effectively 
eliminate infiltration as a source of mercury- and PCB-laden sediment into the storm drain 
system. 
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4.2 Study Area Description 

The pilot project is located in the Lauritzen Channel catchment, which is part of the Richmond 
Inner Harbor watershed. As part of the ongoing investigation and cleanup activities being 
conducted by EPA at the former United Heckathorn Superfund site located in the Lauritzen 
Channel watershed, EPA installed a flap gate at outfall G9SF004 in October 2012 (see Figure 4-
1). The purpose of the flap gate installation was to prevent Bay sediment contaminated with 
legacy pollutants (DDT and dieldrin) from entering and depositing in the storm drain line.  

The EPA plans to clean out the tidally-influenced storm drain lines (extending as far north as the 
freeway) in the area delineated in Figure 4-1 by the end of 2014. The drainage area for the storm 
drain lines proposed for cleaning is approximately 0.2 square miles. The pilot study will be 
focused on the approximately 456 foot long 54-inch diameter storm drain line along South 4th 
Street, which discharges to outfall G9SF004 (Figure 4-1). The approximate drainage area for this 
line is 1.2 acres (0.002 square miles). 

PCB concentrations in surface and subsurface sediment collected in the study area from 2001-
2012 are shown in Figure 4-2. 
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Figure 4-2: Study Area PCB Concentrations in Surface and Subsurface Sediment 

(Source: Khalil Abu Saba) 
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4.3 Description of O&M Activity 

4.3.1 Baseline Activity 

Baseline activities include street sweeping in a portion of the tidally influenced areas shown in 
Figure 4-1, a previous one-time cleanout of the South 4th Street storm drain line, and the  
installation of a flap gate at outfall G9SF004 (see Figure 4-1) by EPA. The South 4th Street storm 
drain line was previously cleaned out in the 1990s, but there has never been a CCTV inspection 
conducted. The concentrations and mass of POCs removed is not known.  

The EPA installed a flap gate at outfall G9SF004 in October 2012, which eliminated the tidal 
influence and the potential for sediment deposited within the Lauritzen Channel to reenter the 
storm drain line. 

Sims Metal Management performs daily sweeping on South 4th Street and on the Sims property 
to the east (Figure 4-1). Figure 4-3 shows the sweeping activity observed on South 4th Street. The 
sweeper avoids the soft shoulder. 

The City of Richmond also conducts street sweeping on a weekly basis on West Cutting 
Boulevard. 

 
Figure 4-3: Daily Street Sweeping Activities Performed by Sims Metal Management on 

South 4th Street (picture from April 2, 2013) 
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4.3.2 Enhanced O&M Activity 

The enhanced O&M activity entails cleaning out the South 4th Street manhole and storm drain 
line (See Figure 4-1), which are currently plugged with sediment. Figure 4-4 shows photos of the 
manhole. The cleaning activities will allow for a CCTV inspection of the line to gain information 
about the system connections where there is high uncertainty (as-builts are not clear) and to 
evaluate the integrity of the line and the potential for infiltration, and to evaluate if there is 
another direct connection to the Bay. Subsequent management decisions would depend on the 
findings of the cleanout and CCTV inspection.  

Due to the short duration of the pilot study period, it will not be feasible to include a monitoring 
component that evaluates the process and rates in which the storm drain line fills back up with 
sediment (if indeed it does). However, in order to facilitate application of the pilot study results 
to other potential pipe cleaning projects, it is recommended that future CCTV inspections be 
conducted periodically to monitor the post-cleanout (and post-flap gate installation) sediment 
accumulation rates in the line. 

Material removed from the storm drain line will be placed in baker tanks for dewatering. The 
dewatered sediment will be characterized for mercury and PCBs (and other relevant surrogate 
parameters). A depth profile characterization of manhole sediment (and associated POC 
concentrations) will be conducted to evaluate if there was a change in POC concentrations over 
time. 

If EPA is able to clean out the storm drain lines within the pilot study period (approximately 
August 2013 through May 2014), the City of Richmond will coordinate with EPA to collect the 
required characterization samples and perform the CCTV inspection. If EPA is unable to clean 
out the storm drain lines within the pilot study period (because EPA’s schedule requires the 
activity to be performed by the end of 2014), the City will perform the cleaning of the South 4th 
Street line only (as is assumed in the study design budget). The CCTV inspection will be 
performed by the City’s contractor Veolia Water.  

Ideally the South 4th Street line will be cleaned out prior to the beginning of the 2013-2014 wet 
season because planning for cleaning and inspection activities is logistically easier in dry 
weather, and standing water may preclude the CCTV inspection. But due to scheduling and other 
logistics, the cleanout could occur during the wet season (but during a dry period).  
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Figure 4-4: Manhole at Terminus of South 4th Street Line. The photo was taken on April 2, 
2013 after recent rain events on March 30 through April 1, 2013. 

4.4 Study Design Variables 

Table 4-1 summarizes the study design variables. The amount of sediment that is anticipated to 
be removed from the South 4th Street line during cleaning (54-inch diameter, 466 feet long) 
assumes that the line is approximately 75 percent full of sediment. Therefore, it is estimated that 
200 cubic yards of sediment will be removed from the line. It is assumed that the sediment will 
be hauled away in trucks with a 20 cubic yard capacity.  
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Table 4-1: Lauritzen Channel Study Design Parameters and Data Collection Needs 

Study Design Parameter Recommendations 
Seasonal Timing • To facilitate logistics, the cleanout and CCTV inspection should 

be conducted prior to the start of the 2013-2014 rainy season. 
However, the activities could potentially occur later in the study 
period. 

Number of Sampling Events • One (or as needed to sample the sediment removed during 
cleaning activities) 

Matrix to be Sampled • Sediment (storm drain line and manhole) 
Number of Samples to be 
Collected 

• South 4th Street Line: one 8-point composite per 20 cubic yard 
truck load, for a total of 10 composite samples, plus one duplicate 
for QA/QC per the CW4CB QAPP. 

• Manhole: Collect one composite sample from 4 discrete sediment 
depths (to evaluate changes in concentration over time). For a 
total of 4 samples, plus one duplicate per the CW4CB QAPP. 

Parameters to be Analyzed • PCB congeners  
• Mercury 
• Particle size distribution 
• Total Organic Carbon 
• Bulk density 

Field Data to be Collected • Manhole: depth of sediment accumulation and depths at which 
samples were collected for chemical analysis 

• 4th Street Line: Conductivity measurements to evaluate if the flap 
gate installation has eliminated the tidal influence in the storm 
drain line 

• CCTV inspection results 
 

4.5 Study Assumptions 

The study assumptions are as follows: 

• The volume of sediment removed will be estimated based on the capacity of the baker 
tanks, or the trucks used to haul the dewatered sediment away from the site. 

• Sediment removed from the South 4th Street storm drain line would eventually be 
discharged into the Lauritzen Channel. 

4.6 Estimated Costs for Implementing the Study Design 

Table 4-2 summarizes the costs for the O&M implementation and monitoring activities. The 
costs for the O&M implementation activities assume that the City will incur the costs for 
sediment removal and disposal; however, EPA will assume the cost if EPA is able to conduct the 
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work within the study period (August 2013 through May 2014); this will significantly reduce the 
pilot study costs.  

Table 4-2: Estimated Costs for Lauritzen Channel Pilot Study 

Item 
CW4CB 
Budget 

In-Kind 
Budget Assumptions 

Implementation 
Initial inspection $0 $2,400 

 Detailed approach $0 $4,000 
 Line cleaning $0 $13,445 Quote from Veolia 

CCTV Evaluation and Report $0 $934 Quote from Veolia 
Sediment Removal from storm drain line $30,000 $0 Quote from Veolia 
Sediment storage and dewatering $20,000 $0 Quote from Veolia 

Sediment disposal $6,000 $0 
Assumes $300 per cubic yard (but assumes 
only 20 cubic yards will require disposal) 

Contractor coordination $0 $4,000 
 Data analysis and reporting $0 $8,000   

Total Implementation $56,000 $32,779 
 Monitoring 

Lab Analysis $21,300 $0 • Storm drain Line: 10 Composite Samples 
sediment samples plus 1 QA/QC sample 

• Manhole: 4 samples plus 1 QA/QC 
• Assume 3 samples will have additional 

concentration grain size analysis. 
Field Sampling Labor  $8,000 $0 Collect 16 samples ($500/sample) 

Data Management, QA/QC, PM/Reporting $9,500 $0 • Data management/QA/AC 
($500/sample) 

• PM Reporting ($300/sample) 
• 19 samples total 

15% Contingency $6,674 $0  

Monitoring Total $51,200 $0  

Pilot Study Project Total $107,200 $32,779 
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5. STREET FLUSH AND CAPTURE PILOT STUDY, PULGAS CREEK PUMP 
STATION WATERSHED, SAN CARLOS 

5.1 Introduction and Objectives 

The primary objective of this pilot study design plan is to determine the mass of POCs removed 
by street flush and capture. It is also useful to compare the cost-effectiveness of street flush and 
capture to the other O&M enhancements, but the budget limits the ability to measure across the 
likely range of conditions that affect flushing performance (e.g., site-specific pollutant buildup, 
pavement conditions, etc.).  Instead, the secondary objective is to provide data that could be used 
to support a screening tool for evaluation of future proposals for street flush and capture. These 
two objectives result in a pilot study that focuses on testing as many different scenarios for 
screening purposes, rather than replications to support development of an effectiveness model.  

Another common objective in stormwater research is to measure the effect of practices on 
individual storm event concentrations. Effectiveness of flushing on individual storm runoff 
concentrations, however, can only be understood in the context of the buildup/wash-off 
phenomena and what is available for wash-off at the next storm event or for removal at the next 
flushing event. Such a study is not possible within the given budget and timeframe. This is not a 
critical exclusion since the primary metric for all the CW4CB pilots is overall POC mass 
removal. 

5.2 Study Area Description 

The Pulgas Creek Pump Station watershed (Figure 5-1) in the City of San Carlos covers 1.1 km2 
of industrial and commercial land uses. Historically up to 72% of the area was industrial in land 
use and there is a PG&E substation in the catchment (EOA, 2012). Street view mapping shows 
the substation is walled and there is no visual evidence of substantial tracking from the 
substation.  

Because of other pilot study efforts in the watershed north of Brittan Avenue (e.g., the Bransten 
Road treatment control retrofit project), this pilot study should focus on the area south of Brittan 
Avenue (personal communication, Lisa Sabin). As shown in Figure 5-1, PCB concentrations 
were higher along Varian Street, Center Street, Industrial Road, and Bayport Avenue, and 
concentrations south of Brittan were highest along Center Street (EOA, 2012). 
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Figure 5-1: PCB Concentrations in Sediment, Pulgas Creek Pump Station Watershed 
(from EOA, 2012) 
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5.3 Operation and Maintenance Activity 

5.3.1 Baseline Activity and PCB/Mercury Reduction 

There is no baseline street flush and capture effort in the pilot study area (EOA, 2012). Street 
sweeping is the baseline O&M activity on the street surface. Sweeping could be performed on 
the same streets as flushing. Performing sweeping in the study area could affect the performance 
of street flush and capture. Since it is unknown whether future flush and capture activities would 
be performed in an area where street sweeping is conducted or performed as a standalone O&M 
activity, the pilot study will measure the performance of street flushing both with and without 
street sweeping.  

As an estimate of solids removal in this watershed, EOA (2012) reports that “…approximately 
10 curb‐miles were swept weekly using a Tymco Regenerative Air sweeper for a total of 520 
curb‐miles swept annually. …The collection rate for all industrial areas within the City of San 
Carlos is 0.17 cubic yards per curb‐mile, which included the Pulgas Creek Pump Station 
watershed area. The calculated total annual volume of gross solids collected from street 
sweeping operations in this watershed was 90 cubic yards.” However, these gross solids will not 
have the same PCB and mercury content as what is expected from street flushing because a 
smaller particle size is expected in street flushing. 

The range of initial street dirt loadings expected in the pilot study watersheds is 400 to 1,000 
lbs/curb‐mile (EOA, 2012). EOA (2012) estimates removal by flushing/capture at 1.24 kg wet 
sediment per linear foot of street.  

5.3.2 Recommended Enhanced Operation Activity 

The City of San Carlos maintenance staff has proposed to implement up to four flush and capture 
events. Each event will cover 1,000 feet of complete street width (curb to curb), subject to water 
availability and other considerations. Each event will use two vactor trucks and four maintenance 
staff for a single day of flushing. The first vactor truck will be the water source and will use a 
wand attachment for flushing. The second vactor truck will capture the debris and wash water 
using its vacuum, with no water returning to the storm drain system. Wastewater will be 
decanted and disposed of into the sanitary sewer system via an existing hose connection on the 
vactor truck. The remaining sediment slurry will be emptied and dried at the municipal 
corporation yard and disposed of with other debris routinely collected by maintenance staff. The 
area near and including Center Street should be targeted (personal communication, Paul Baker, 
City of San Carlos), but observations of conditions at the time of the study should be allowed to 
change the targeted area.  
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To compare the technique of the proposed street flushing, literature was consulted regarding 
speed, water use, timing with sweeping, targeted areas within the watershed, targeted areas in the 
street cross-section, and seasonal timing. 

Speed (Distance Flushed per Event) 
Very few cities were found to use street flushing and capture to target removal of particular 
pollutants. Data for street flushing in Paris is available, though those efforts appear to be for 
aesthetic purposes.  Paris also seems to benefit from a combined sewer system so flushed water 
goes to treatment plants.  The pilot effort for this study is very different.  Flushing for PCB and 
mercury reduction will likely be much less frequent and much more focused on hot spots as local 
as certain city blocks.  A storm drain system that is separate from the sanitary sewer also requires 
blocking every inlet within the section being flushed to prevent flushing pollutants to receiving 
waters.  This adds to the setup time, which also limits the section of roadway that can be flushed 
in one day.  In consultation with City staff, approximately 1,000 feet is the estimated length of 
street that can be flushed in one day – including time setup, takedown, and disposal.  

Water Use 
Street cleaning summarized by Sartor and Boyd (1972) had limited effectiveness, partially 
because of the limited water supply of the source vehicle. Crews should plan on a rate of water 
use to assure water availability throughout the flushing event. The vactor trucks used by the City 
of San Carlos have a 1,000 gallon water tank capacity (personal communication, Paul Baker). 
Refilling the tank during a flushing event is not ideal, and the feasibility of a refill will be 
determined during the first flushing effort. The first flushing will also determine the actual length 
of roadway that is feasible for cleaning within a single day. Subsequent flushing should mimic 
this initial effort. 

Timing with Sweeping 
The effect of timing of flushing with street sweeping is not established in the literature reviewed. 
While careful sweeping would likely reduce the material available for street flushing and 
decrease effectiveness, sweeping could also scour material that has self-armored in the gutter 
area and increase the effectiveness of flushing. Because the effect is unknown and because the 
timing of sweeping and flushing may not be controllable outside of this study, a variety of 
conditions (with and without sweeping) should be measured. While the budget does not allow for 
replication of these conditions to support robust statistical analysis, the resulting data could be 
used to support a screening tool for evaluation of future proposals for street flush and capture. To 
measure the effect of sweeping, two of the four areas designated for flushing have ceased street 
sweeping as described in the following section. 
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Targeted Areas within the Watershed  
City of San Carlos staff visited the neighborhood to estimate business impact and street 
sediment/trash loading. East/west oriented streets are more numerous and offer more flexibility 
in final site selection. High-volume streets are avoided due to complications in performing the 
pilot experiments in conditions with high traffic. Also, the north/south streets with short blocks 
are avoided due to complication in the experimental setup that would cross intersections. 
American, Center, and Washington streets are individually well over 1,000 ft and are good 
candidates for flush/capture based on prior PCB sampling results.  However, these streets had 
businesses that would be more negatively impacted by a lack of sweeping, partly because trash 
accumulates more in the street. Varian and Bing are also good candidates and they have a 
combined length of 2,200 ft. City staff observed that Varian and Bing streets had lower trash 
loading and thus a lower impact to business. This may be because businesses provide off-street 
parking that accumulates debris away from the roadway. And while Varian and Bing streets are 
good flush/capture candidates, these streets are not associated with the highest PCB 
concentrations. Avoiding sweeping on these streets will help increase loads so the effect of flush 
and capture is more measurable. Considering these observations, the resulting street selection 
and sweeping coordination schedule is recommended: 

• The City of San Carlos will not sweep Varian St. and Bing St. from Friday, June 7th until 
after the flush and capture event. For flushing occurring prior to the 2013/14 wet season, 
this will provide at least two to three months without sweeping prior to flushing.   

• City staff, in consultation with the study team, will select the two, 1,000 ft swept sections 
from American, Center, and Washington streets. That decision will be based on street 
sediment accumulation within those streets at the time of the flush/capture. To roughly 
measure a difference in mass removed with near-timing of sweeping, one flush will 
attempt to coincide within a day after sweeping (minimizing the time between sweeping 
and flushing) and the other flush will attempt to coincide just prior to regularly scheduled 
sweeping (maximizing the time between sweeping and flushing).  

• All flush/capture experiments will target 1,000 ft, but the actual length will vary 
according to the spacing of drain inlets. While crews should strive to recover as much 
sediment as possible within the work day, City of San Carlos staff has noted that the 
logistics of the study (blocking inlets, setting up the recovery system, disposal, etc.) may 
likely prevent expanding the length of street that is initially targeted. 

Targeted Areas of the Street Cross-section 
Sartor and Boyd also observed a very strongly negative correlation between sediment 
accumulation and distance from the curb. About 88 percent of material is expected to be 
deposited within 12 inches of the curb. This indicates that an optimized flush/capture event 
would target gutters.  
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Seasonal Timing 
Another finding in Sartor and Boyd is the observance of a quick recovery of street dirt buildup to 
a fairly steady state. This means that it does not take very long for the buildup rate from 
vehicular and other sources to re-establish the street sediment loading to that prior to the storm 
event.    

5.4 Study Design 

The public right-of-way is reported as acting as a PCB and mercury storage/pathway rather than 
an originating source (EOA, 2012). The flushing could withdraw from storage that takes several 
storms or even storm seasons to fill. The capture of sediment in this storage, however, is 
expected to be highly inefficient (only a small fraction of PCBs mobilized from source properties 
in each storm is likely captured by street storage). Since capture of sediment in street storage is 
so inefficient, flushing will have a very subtle effect on concentrations for many subsequent 
runoff events, though the aggregate affect may be meaningful. To have a meaningful measure on 
concentrations of a particular storm event, the rapid buildup of sediment as reported in literature 
(e.g., Sartor and Boyd) suggests flushing should be performed within hours to a few days prior to 
a storm event. Such logistics are not possible for this study. Further, measuring storm effects to 
stormwater runoff concentrations in cleaned vs. control watersheds is prohibitively expensive 
and time-consuming. Instead, the total sediment removed and associated POC mass removed will 
serve as the estimate of the long-term benefit of street flushing.  

Street flushing is likely to have an effect similar to intensive street sweeping/vacuuming, but 
with possible increases in efficiency in removing very small particles. But both practices are 
likely to remove particles that are not  mobilized by typical rainfall/runoff events. These particles 
accumulate in pavement crevices or the street gutter. In past studies, broom sweeping alone has 
mobilized this sediment and distributed it across the roadway surface, and thus subsequent 
storms mobilize material (Sartor and Boyd). However, flushing should increase the removal of 
this material and flushing will also increase the storage availability of the street surface. While 
removed sediment may not be similar in concentration to the new sediment that will occupy this 
storage, this will be a required assumption of this study. The mass averted from receiving waters 
between cleaning efforts is then assumed to be the mass removed during the flushing.  

Street flushing and capture studies are rare, and so little consistency in study design has been 
established. Two street flushing studies are considered. A large-scale flushing event in Montana 
took advantage of comparison to closely-followed rain events (Whitefish Lake Institute, 2012). 
This will not be practical in this study. Because of the availability of crews, this study will not 
likely coincide with rainfall. Instead, the study is assumed to be implemented within the 2013 
dry season. In Paris, the standard street flushing/sweeping effort was followed by very through 
wet-vacuuming to assess the material remaining. The efficiency of the flushing was calculated as 
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the fraction of street storage removed by the standard practice (Bris et al., 1999). Studies in San 
Diego (Brown and Evans, 2013) and Wisconsin (Selbig and Bannerman, 2007) used dry 
vacuuming methods to evaluate street sweeping. A similar method will be used for this pilot 
study to evaluate pre- and post-flushing street sediment loading. A comparable before-and-after 
sampling approach will also be used to evaluate the baseline street sweeping program in three 
pilot study areas (Section 3). A time-series of dry vacuuming samples could also be used to 
estimate post-flushing sediment buildup rates; however, there is insufficient budget for a typical 
buildup experiment. Instead, the pre-flush vacuum test will provide an estimate of buildup since 
the previous sweeping, and the post-flush vacuum test will measure the residual street sediment. 

The variability in flushing effectiveness will be assessed by cleaning multiple sections 
throughout the target watershed (south of Brittan) as described below. Because of equipment and 
staff availability, only four (non-repetitive) sections of roadway will be flushed. If additional 
flushing events become feasible, additional sections should be flushed and sampled. Selection of 
additional areas should be made by observation of sediment buildup by field personnel.  

5.4.1 Sampling Methods 

The primary objective is measuring the amount of PCB and mercury removed. Two methods will 
be used. The first is a direct measurement of mass subsampled from material removed by 
flushing. The data needs and calculations are shown in Figure 5-2. The second method is mass 
measurement on a subsection of the street surface immediately before and after vacuuming. This 
approach allows comparison to the street sweeping pilot study. The vacuum collection method 
has been previously described (Section 3), and data needs and calculations are shown in Figure  
5-3. Some adaption of the method may be needed for flushing, such as allowing the pavement 
surface to dry before performing the post-flushing vacuuming. The precise timing will be a field 
decision.  

In the direct mass measurement approach, waste water from each flushing activity will be 
sampled, and composited in the curb, just prior to collection by the vactor truck. The water 
sample will be analyzed for sediment, PCB, and mercury as described below. The mass of 
sediment, PCB, and mercury removed will be a product of the water used in flushing, the 
measured concentrations in the composite sample, and a loss coefficient for the water recovered. 
The loss coefficient will be estimated in the field. Because of the uncertainty in the accuracy of 
the loss of water used in flushing, another estimate of mass will be made from the recovered 
material as described below. 

The key variables to be measured or recorded by the field effort are as follows:  

• Volume and mass of sediment removed; 
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• Sediment, PCB, and mercury concentrations; 

• Water used; and 

• Water pressure. 

The study team should also record days since prior sweeping. 

 

Water volume 
used– estimated 

water volume lost + 
collected sediment 

volume 

Disposal Pile 
Volume

Vactor capture 
volume

Select best or 
average of 

volume 
estimates

Wash water 
concentration

Direct Measurements
(for primary objective)

Concentration 
* volume

Mass removed
 

Figure 5-2: Data collection and calculations for direct estimation of mass removed based on 
recovered material 
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Pre-
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Mass removed

Indirect Measurement
(for comparison to enhanced street sweeping)

 

Figure 5-3. Data collection and calculations for indirect estimation of mass removed based 
on vacuuming before and after flushing 

 

Volume and Mass of Material Removed 
Several methods will be used to estimate volume due to uncertainty in any one measurement 
technique. Monitoring crews will estimate the volume of water used, volume captured in the 
vactor, volume of flushing water discharged to the sanitary sewer (decant water), and volume of 
the sediment waste piles.  

Monitoring crews will estimate the wet volume of material captured in the recovery vactor based 
on geometry of the vactor tank and depth.  

The volume of decant water will be estimated at disposal. Prior to emptying the vactor, decant 
water will be released to the sanitary sewer connection. This volume will be estimated by the 
bucket and stopwatch method. The remaining volume will be estimated by discharging the 
remaining content into containment of known dimension. This containment may have to be 
purchased or temporary containment can be constructed at the disposal site. This cost is included 
in the monitoring budget.  

As shown in Figure 5-2, the total volume is the volume of water used and the volume of the 
removed sediment.  However, even in a street with high sediment loads, the volume of sediment 
is not likely significant.  For example, if only 1,000 gallons of water are used to flush 1,000 ft of 
a street that yields 1,000 lbs/mile, then the resulting sediment concentration will be just over 
20,000 mg/L. This concentration only adds an additional 4%, assuming an average sediment 
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particle density of 2 g/cm3. Conversely, volume can also be reduced due to water losses that will 
occur on the pavement surface due to depression storage and evaporation.  If losses appear 
substantial, volume estimate by this method may need to be abandoned in favor of estimated 
volume from the other methods.   

Sediment, PCB, and Mercury Concentrations 
Samples will be collected continuously in the gutter just prior to collection by the vactor truck 
that is used to recover the flushing water. Sediment, PCB, and mercury concentrations will be 
determined for the captured water samples.  

Analytical Suite 
The following analyses are recommended for flushing water that is sampled from the gutter.  

• Total solids; 

• Total organic carbon 

• Mercury; 

• PCBs; and 

• Particle size distribution;  

• Particulates greater than 2 mm will be screened and removed from the samples prior to 
analysis. 

Additional analysis of decant water will be performed as required for disposal to the local 
sanitary sewer. At a minimum, it will include SSC to provide redundancy to the sediment 
estimation from samples collected in the gutter. 

The street dirt sediment samples collected with the vacuum before and after flushing will be 
analyzed for the following constituents, consistent with the street sweeping pilot study: 

• PCBs; 

• Mercury; 

• Total organic carbon;  

• Particle size distribution; 

• Bulk density  

• Particulates greater than 2 mm will be screened and removed from the samples prior to 
analysis. 
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Photograph Documentation 
Photographs and videos should represent street conditions before, during, and after flush and 
capture events. Photos should also be taken of the vactor contents, decant water, solid waste 
collection, and flush recovery setup. 

Supporting Information 
The following information may be helpful for data interpretation and application of results 
outside of the study area.  

• Flushing water application rate (volume of water used per segment); 

• Road dimensions; 

• Time of last sweeping; 

• Road/curb/gutter/driveway conditions (photographs and descriptions); 

If any portion of the pilot study occurs after the beginning of the wet season, the following 
additional information will be collected: 

• Antecedent dry period; and 

• Rainfall total depth, peak intensity, and duration of previous storm. 

5.5 Study Assumptions and Limitations 

The following are key assumptions in the study design.  

• Sediments and associated POCs removed would otherwise contribute to loads to the Bay. 

• The volume of sediment removed is adequately estimated using the volume estimating 
capabilities of a vactor truck for the source water tank and the waste recovery tank. 

• For all significant factors, whether or not they are measureable or even known (e.g., 
pavement condition), the study area is typical of other areas where the practice would be 
used. 

A concern with testing in a single watershed with a history of fairly advanced sweeping effort is 
that benefits to lesser-maintained areas will be underestimated. For example, the Pulgas-area 
streets via Google Earth (Figure 5-4) appear to be much cleaner streets than the streets cleaned 
by similar methods in the Oakland area (Figure 5-5). Street sweeping is varied in this study, but 
only limited data will be collected. Even though street sweeping is on hold for two pilot study  
locations, it is unlikely that sediment will accumulate in San Carlos to the levels seen in Oakland 
study. 
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Figure 5-4: Typical Street Condition in the Pulgas Creek Pump Station Watershed (1631 

Bayport) 

 

 

 

  
Figure 5-5: Example of Street Flushing Conditions to the Ettie Street Pump Station 

Drainage in Oakland (Kleinfelder, 2006) 
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5.6 Estimated Study Design Costs 

The estimated study design costs are provided in Table 5-1. 

Table 5-1: Estimated Costs for Implementing the Pulgas Pump Station 
Watershed Pilot Study 

Item Estimated Budget Assumptions 
Implementation 
Flushing  $16,000 4 cleaning events. 
Contingency of 10% $1,600  
Total Implementation $17,600 

 Monitoring 
Analytical Cost $17,280 4 water samples plus 1 for QA/QC 

8 vacuum sediment samples plus 1 
for QA/QC 
Assumes 2 vacuum sediment 
samples for additional grain size 
concentration analysis 

Field Sampling Labor  $19,000 $2,000/sample for water samples (5 
total) 
$1,000/sample for vacuum sediment 
(9 total) 

Vacuum Equipment Rental/purchase $5,000 Estimated 

Data Management, QA/QC, PM/Reporting $8,800 Data Management/ QA/QC 
($500/sample) 
PM/Reporting ($300/sample) 
11 samples total  

15% Contingency $7,512  

Total Monitoring $57,600  

Total Pilot Study Budget $75,200 
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