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DISCLAIMER

Information contained iBASMAAroducts is to be considered general guidance and is not to be
construed as specific recommendations for specific cd&&SMAAs not responsible for the use of any
such information for specific case or for any damages, costs, liabilitiekaons resulting from such
use.Users oBASMAAroducts assume all liability directly or indirectly arising from use of the products.

The mention of commercial products, their source, or the& irsconnection 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 afipable to all BASMAA products, whether information from the BASMAA products is
obtained in hard copy form, electronicalty, downloaded from the Internet
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EXECUTNEUMMARY

INTRODUCTION

The Municipal Regional Stormwater National Pollutant Discharge Elimination System (NPDES) Permit
(MRP; Order No. RZ20150049) implements the municipal stormwater portion of the mercury and
polychlorinated biphenyls (PCBs) Total Maximum Daily Loads (TMDib& 8an Francisco Bay.
Provisions C.11 and C.12 of tM&Prequire 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 allocatiomsthin specifiedimeframes. In compliance with the MRPermittees

have implemented a number of source control measuneecent yearslesigned to reduceollutants

of concern POCkin urban stormwater and achieve the wasteload allocations describ#teimercury

and PCBs TMBILForall control measures, an Interim Accounting Methodoldgy TMDL Loads Reduced
has been developetb determinePOdoad reductions achieveblased orrelative mercury and PCBs
yields from different land use categoriBASMA, 2017a)Provision C.8.f of the MRBrther supports
implementation of the mercury and PEBMDLS by requiring that Permittees cond&®dnonitoring

to addressmanagement action effectiveness, one of the fiw@rity information needsdentified in the
MRP. Management action effectiveness monitoring is intended to praugeort for planning future
management actions avaluating the effectiveness or impacts of existing management actions.

To achieve compliance with the above permit requirements,Bag Area Stormwater Management
Agencies Association (BASMAfplemented a regional project on behalf of its member agencies. The
goal of theBASMAAPOC Monitoring for Management Action Effectivene&valuation of Mercury and
PCBs Removal Effectivenedd-ull Trash Capture Hydrodynamic SeparaidDS)Units project (the
Project)wasto evaluate the mercury and PCBs removal effectiveness of HD @ ssitsiated with

removal of solideaptured within the sump. The information provided by this monitorinffost will be
usedto support ongoing effortty MRP Permittees and ti@alifornia Regional Water Quality Control
Board, San Francisco Bay Re@Ragional Water Boardd better quantify the pollutant load reductions
achieved by existing and future HDStsiinstalled 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 EQliel@ffice of
Water Programs at Sacramento State University (OWiRhetic Laboratories, Inc. (KLI), and the San
Francisco Estuary Institute (SFEI). A BASMAA Project Management Team (PMT) consisting of

1BASMAA is a 501(c)(3) rprofit organization that coordinates and facilitates regional activities of municipal

stormwater programsn the San Francisco Bay Area. BASMAA programs support implementation of the MRP (Order No.
R220150049). BASMAA is comprised of all 76 identified MRP municipalities and special districts, the Alameda
Countywide Clean Water Program (ACCWP), Contra Clesia Water Program (CCCWP), the Santa Clara Valley Urban
Runoff Pollution Prevention Program (SCVURPPP), the San Mateo Countywide Water Pollution Prevention Program
(SMCWPPP), the Fairfieqdiisun Urban Runoff Management Program (FSURMP), the Cityejd datl the Vallejo

Sanitation and Flood Control District (VSFCD).
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representatives from BASMAA stormwater programs and murlitgsaprovided oversight and
guidance to the project team.

METHODS

TheProjectcombined sampling and modeling efforts to evaluate the mercury and PCBs removal
performance of HDS units as follows. Fissimples of the solids captured and removed freight

different HDS unit sumpduring cleanoutvere collected and analyzed for PCBs and mer&saygond,
maintenance records and construction plans for these HDS units were reviewed to develop estimates of
the average volume of solids removed per cleanouis Tiformation was combined with the monitoring
data to calculatehe mass of POCs removddring cleanoutsThird the annual mercury and PCBs loads
discharged from each HDS unit catchment were estimatdgtwo differentload calculation methods
Method #1 used thdanduse-based POC yields described in the BASMAA Interim Accounting
Methodology (BASMAA 201 7a)estimate catchment load$/ethod #2 used the Regional Watershed
Spreadsheet Model (RWSM, Wu et al. 2017) to estimate runoff volumes and sttenomacentrations
and calculate catchment loadsinally, HDS unit performance was evaludtatboth catchment load
estimatesby calculating the averaganual percent removal of PO&s a result ofhe removalof solids
from the HDS unit sumps.

RESULTS

Samples were collected from HDS units located in the cities of Palo Alto, OaklandseSamdJo
Sunnyvale. These HDS units were selected opportunistically, based on the units that were scheduled for
cleanout during the project sampling periddl{ 2017¢ spring2018). Thaypes ofsolid samples that

were collecteddependedon the solids that were found in each supgndincluded 3 sedimenronly
samples, and 5 sediment andgamnic/leafy debris sample#ll samples were analyzed fbie RMP 40

PCB congenetstotal mercury, total solids (TS), total organic carbon (TOC), and bulk ddmsity
sedimentonly samples were also analyzed for grsire andvere sieved at 2nillimeters (mm) prior to
analysis for PCBs and mercury. The sediment and organic/leaf dabrses were analyzed as whole
samples (not sievgcandwere also analyzed for total organic matter in order to calculate the inorganic
fraction (i.e., the mineral fraction assumed to be associated with PA®&| PCBs concentrations
across the 8 sampteranged from 0.01 to O.4dilligram/kilogram tg/kg) dry weight(dw). Total

mercury concentrations rarggl from 0.005 to 0.31 m#ghdw. Overall, therange ofmercury and PCBs
concentrations measured in the HDS unit solids in the present studysiraitarto the average
concentrationgound instorm drain sediments and street daitrosshe Bay Areaas reported
elsewhere(BASMAA 2017a).

Based on review of maintenance records for 38 cleanout events, as well as construction details for each
unitwhichproh RSR AYT2NXI GA2Y 2V | fhecsStikatedsvarag@solidgiranowetl 3S Ol L
per cleanout ranged from 2.4 cubic yards (CY) to 3T&& numbers indicate the HDS usiimps

were on average 97% full wharcleanout was conductedrhe calculatednnualmass of PCBs removed

2The40 individual congeners routinely quantified by the Regional Monitoring Program (RMP) for Water Quality in
San Francisco Bay includCBs 8, 18, 28, 31, 33, 44, 49, 52, 56, 60,647 87, 95, 97, 99, 10105, 110, 118,
128, 132, 138, 141, 14951, 153, 156, 158, 170, 174, 177, 180, 183, 187, 194, 195, 201, and 203

2
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from each unit ranged from 2 mg/year up 20600 mg/yr, while the annual mass of mercury removed
from each unit ranged frorA mg/year up to 6,80 mg/year Differences in catchment sizes do not
explain thehigh degree ofariabiity observedacross the different unitsVhen normalized to

catchment size, the mass of POCs removed per acre treated for the HDS units in this study remained
highly variable, ranging fro®.01 mg/acre to 29 mg/acrior PCBs, and 0.03 mg/acre to 50 mg/aftne
mercury.

PCBs Removal RatéEable ES): For catchment loads calculated using Method lhd usebased
yields), themedianpercentPCBsemoval across all 8 units ranged fr&¥ to10%.For catchment loads
calculated using Method #&RWSM runoff @lume x concentratio)) the medianpercentPCBsemoval
ranged from15% to32%. Variability in removal rates whigh between individual unitganging from
almost no removal to 100% removal of testimatedloads.

Table ES. HDS UniPerformance- Annual Percent Removal Calculat&@dr Two Catchment Load Estimates

HDS Unit PCBs Removal Mercury Removal
ID 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% % 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 Rateglrable ESQ): Across all 8 units, thmedianpercent removafor catchment
loads calculated using Metdd #1 (land uséased yieldshanged from3% to4% For all units under
Method #1, theremovalrateswere lowerfor mercurythan for PCBg~or catchment loads calculated
using Method #2 (RWSM runoff volume x concentratibie)medianremoval ranged froni3% to1%%.
Similar to PCBsemoval rates fomercury inindividual HDS units were higtvariable.

CONCLUSIONS

For both PCBs and mercury, the data from this study inditteégoercent removals achieved by HDS unit
cleanouts are highly variable across units, and liketiablewithin the same unit over timelhe
conclusions on pollutant reaval 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 liarittdften
incomplete,maintenance records that were available at the time of this stinbrertheless, the results

of this study providenew information on the range of pollutant concentrations measured in HDS unit
sump solidsAdditionaldata would be needed to fully characterize the range of pollutant load
reductions achieved by HDS uniteolonger periods of time and across varying urban environments.

3
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The resultdrom this studywill be considered in the update of the Interim Accounting Methodology that
is being conducted as part of the BASMAA regional pr§euatce Control Load Reductidccounting for
Reasonable Assurance Analyaisd will include methods for estimating POC reductions associated with
stormwater control measures, including HDS units.

Additional recommendations on options for potentially improving the pollutant remeffattivenessof
HDS unit maintenance practices, as well as improving the estimates preserltesi reportinclude the
following:

91 Develop sitespecific standard operating procedures (SOPs) for eachukiD $1cluding
suggestedtleanout frequency and cleaut methods to ensure efficient and consistent practices
over time.

1 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.

1 To improve estimates of the solids removal achieved per cleanout (and the associated pollutant
removals achievedprovideconsistent recording ahe following information: cleanout dates,
measired depth of solids and water in the sump prioratoleanout, 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 SaraRcisco Bay (Bay) has revealed bioaccumulatigolyichlorinated

biphenyls PCBysandmercury. Themeasuredish tissue concentrationare thought to pose a health risk

to people consuming fish caught in the BAg a result of these findings, Califorhias issued an interim
advisory on the consumption of fish from the B&ie advisory led to the Bay being designated as an
impaired water body on the Clean Water Act "Section 303(d) list" due te B@&Bmercuryln response,

the California Regional Wat&uality Control Board, San Francisco Bay Region (Regional Water Board)
adopted total maximum daily loads (TMDLS) to address these pollutantsoém (PO§) (SFBRWQCB
2012).

Provisions C.11 and C.aRthe Municipal Region&@tormwaterNational PollutahDischarge Elimination
System (NPDES) Permit (MRP; Order N@ORZ20049) implements the municipal stormwater portion
of the Mercury and PCBEMDLdor the San Francisco Bay Area. These provisions require mercury and
PCBs load reductions and the develagrmof a Reasonablassurance Analis(RAA) demonstrating
that control measures will be sufficient to attain the TMDL wasteload allocatiéthin specified
timeframes.In compliance with the MRRPermittees have implemented a number of source control
measuresin recent yearslesigned to reduce POCs in urban stormwater and achieve the wasteload
allocations described in thmercury and PCBs TM®Eorall control measuresthe Bay Area
Stormwater Management Agencies Association (BASMe&eloped arinterim Accounting
Methodologyto definePOC load reductions achieviedsed orrelative mercury and PCBs yields from
different land use categorigBASMAA 2017a

Provision C.8.f of the MRBrther supports implementation of the mercury and PRAB/ADLSs by

requiring that Permittees condudOdmonitoring to addressnanagement action effectiveness, one of
the fivepriority information needsdentified in the MRP. Management action effectiveness monitoring
is intended to providesupport for planning future managemeactions or evaluating the effectiveness
or impactsof existing management action&lthough individual Countywide monitoring programs can
meet all MRPmonitoring requirement®on their own some requirementare conducted more

efficiently, and likely yied more valuable informatiorwhen coordinated andmplemented on a regional
basis.

3SBASMAA is a 501(c)(3) nprofit organizationthat coordinates and facilitates regional activities of municipal
stormwater programs in the San Francisco Bay Area. BASMAA programs soppenentation of theMRP

(Order No. R20150049) BASMAA is comprised all 76 identified MRP municipalities and special districts, the
Alameda Countywide Clean Water Program (MBY; 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 Fairfielsun Urban Runoff Management Program (FSURKEPTIity of

Vallejo and the Vallejo Sanitation and Floahttol District (VSFCD).

5
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1.2 PROBLEMBTATEMENT

During the previou8IRPpermit term (2009¢ 2015) BASMAilot testeda number of different
stormwater control measurefor pollutant removal effectivenesthrough theClean Watersheds for a
Clean Bay (CW4Qmpject(BASMAA 201j. One treatment optiorthat was pilottested during CW4CB
includeshydrodynamic separatoiHD$ units HDS units have been installed for trash control
throughout the Bay AredAnHDS unitypically consists dadicircular concrete manhole structure that is
installed underground, either inline or offline within the existing storm drainage sysdsmn example,
the features of an inline Contec®ontinuous Deflective Separat@@@$Unit are shown in Figuré. 1
Stormwater flowdrom the HDS catchmenrfup 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 gugd 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 unill of the solids and debris larger thahe screen apertures are
trappedwithin the unit. Floatables (i.e., buoyant soligg)l typicallyremain suspended ithe water that
is retained within the unit near the top of tieeatment screenwhile the heavier solids settle into the
storage sumpocated directly belowthe screening arealhese units are designed to collect trash,
sediment and other solid debris. POC removal is expected to occur through capture-obm@iGing
solids in the HDS unit sumps, and subsequemtovaland disposal of thessolidsduringcleanouts
Generally, the net solids removalexpected to vary by sitepecific conditionsandthe removal
efficiency forsolidssmaller than the screen apertur@aries depending on the model selected and the
flow characteristics of thsite.

GRATE INLET
IRON HOOD FOR
QURB INLET CPENING]

CLEAN OUT
[REQUIREDY

DEFLECTION FAN, 3 SIDED
IGRATE INLET DESIGN]

(CREST OF EYPASSWER
[ONE EASH SIDE)
SEPARATION CYLINDER

INLET LUME

INET
[MULTIPLE PIPES POSSIELE)

CUTLET ™~ oLsaRE

SEPARATION SLAR ~— SUMP STORAGE

Figurel.1l 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 othetormwatercontrol measures, BASMAA developéd Interim Accounting
Methodology for TMDL Loads Reduc@dterim Accounting Methodology, BASMAA 201fdajalculate
load reductions achieved by these measures during the current permit 2ot6¢ 2020) The Interim
Accountng Methodology i®ased on relative mercury and PCBs yields from different land use
categoriesFor HDS units, the methodology assumes a default 20% reduction of thevaiglatedland
usebased pollutant yields for a given catchment. This default valiehaged on average percent
removal oftotal suspended soliddE$from HDS units from an analysispafired influent/effluent data
reported in the InternationaStormwater Best Management Practic&MP Database
(www.bmpdatabase.or)yy as described in AppendBof the Interim Accounting Methodology (BASMAA
2017a) However, significant data gaps remain in determining the effectiveness of this practice and
expected load reductions.

The CWA4CB results suggested ti@t materialsretainedwithin the HDS unit sumpand removed

during routine cleanouts provideeductions of POC ma#sat would otherwise remain in thenunicipal
separate storm sewer systerivi§4). However, the CW4CB piliatsts were limited to 2lata poirts,
collected froma singleHDS unit that drains a catchment with elevated mercury and PCBs
concentrations. The monitoring performed-tiate is not sufficient to characterize pollutant
concentrations ofolidscaptured in HDS units that drain catchmentshadifferent loading scenarios
(e.g.,landuses, stormwater volumespurce areasstc.), nor to estimate the percent removal based on
the pollutant load capture@nd removed fronthe HDS unituring ongoing maintenance practices

1.3 PROJECEOAL

Theoverallgoal of this projectsto evaluatethe mercury and PCBsmoval effectiveness of HDS units

due tosolidscapture withinthe sumpsand subsequent removal during cleanoulfie monitoring
conductedthroughthis project provides partial fulfilment of MRP mitoring requirements for
management action effectiveness under provision.iC While also addressing some of the data gaps
identified bythe CW4CB project (BASMAA 20\ 7tine information provided by thisrojectwill be used

by MRP Permittees and the gtenal Water Board tsupport ongoing efforts tbetter quantifythe
pollutantload reductiors achieved by existing and future HDS units installed in urban watersheds of the
Bay Area.

To accomplish the project gopASMAAmMplemented a regiongdrojecton behalf of its member

agenciedo collect samples of the solids removed from HDS Unit sumps during cleanout events to
estimate the mass of POCs removeé&tisreport presents the results dhe BASMAAPOC Monitoring

for Management Action EffectivenessE\aluation of Mercury and PCBs RenabEffectiveness of Full

Trash Capture Hydrodynamic Separator Urpteject (the Project)hat was conducted during 2017 and
2018 in the portion of the San Francisco Bay Area subject to the MRProjbet was implementedy a
project teamcomprised 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 represemsifrom BASMAA stormwater programs

and municipalities provided oversight and guidance tophgject teamthroughout the project.

Section 2 of this report presenthé overall approach and detaitsethods that were used to implement
the project, includng a description of the sampling and chemical analysis methods, and descriptions of
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the methodology used to estimate the POC percent removals achieved through cleaBecti®n 3
presents theprojectresultsand discussionincluding the location and desption of each HDS unit that
was sampled, a summary of the chemical analysis results for eagla snitnmary of the cleanout
events identified in maintenance recordbge modeledestimates of the annual average PGfbrmwater
loads within each HDS unitchment, andhe annualloads reducedand percent removals achieved)
throughHDS unitmaintenancepractices Sectiord summarizes the conclusiobssed on the results of
the project
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2 METHODS

This section presents theverallapproach and methods thatere used to implement th@roject
Under the guidance and oversight of the PMT, pin@ject team developea study desigr{Appendix A)
and aSAP/QAPRAppendix B), which were followed throughout implementation of the sampling
program

2.1 OVERALBROJECAPRROACH

The overall approacto the Projectinvolveda combined sampling and modeling effort évaluate the
mercury and PCBsmoval performance ahe sampledHDS unitsThe project implemented the
following 4 tasks:

1. Collect samples of theolidscapturedin HDS unit sumps in Bay Area urban catchmants
analyze them fomercury andPCB,;

2. Quantifythe volume andmass ofolids (and associatedercury and PCBsemoved from HDS
unit sumps during cleanouts

3. Estimateannualaveragemercury and PCBsormwaer loadsfor eachHDS unit catchmeruf
interest (i.e., the HDS unit catchments that were sampled in tgsk 1)

4. Calculateghe annualmercury and PCB=ercentremovals due tdHDSunit cleanoutsfor each
catchment of interest

It is important to note thigproject was not designed to fully characterize the range of POC
concentrationsand massesapturedin Bay Area HDS unit sumps. Nor was this project intended to
provide highly accurate stormwater loading estimates for the catchments of interatiteRthis
project was intendedo provideadditional datato better quantifythe mercury and PCBsad reduction
effectiveness of HDS umitaintenance practiceand support future development of source control
RAAs.

The remainder of this section providedditional cetails on the methods and assumptions employed to
implement the project tasks.

2.2 HDSUNITSAMPLING

Across the Bay Areat least37 large, publiddDS units have been installed in public rightvay (ROW)
locationsover the past 10+ year3hese units werprimarily installedfor trashcontrols These units

treat stormwater runoff from more than 13,000 acres spread acrose Bay Area municipalitieFhe

size of the catchments treated by individual units in the Bay Area ranges from about 3 acres up to more
than 900 acresSelectiorof HDS units for samplirduring this projecivas primarily opportunistic

based on thainitsthat were scheduled for cleanouts during the projethe project teamvorked
cooperatively withthe PMT andnultiple Bay Area municipabencies to identify public HDS urtiisit
were scheduled for maintenance during the project sampling period (Fall 2017 thepuigig2018).
Additional selection criteria included cooperation of the appropriate municipal staff and safety
considerations fothe monitoring teamAll field sampling was conducteturing dry weatherwhen

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 bgiaipal staff to remove standing watar the
units and anyloatablessuspended in that wateprior to sumpcleanout. The monitoring team then
collected multiple samples of treolids(sediment and organic debrispntained within each un@ a
sump avoidng trash andther large debrisThesolidsamples were then combined aticoroughly
homogenizedn a stainless ste@r Kynarcoated bucketfrom which a compositesample wasemoved
andaliquoted into separate jars for chemical analySemnple collecton techniques varied between
units due to the unigue characteristics of each unit (i.e., saeymth andvolume,safety considerations,
etc.). For the majority of units, a stainless steel scoop on the end of a long pole was used to collect
samplesof the sdidsin the sump. However, in cases where the sump was too deep and/or toottarge
collect a representative samplesing this methodsamples were collecteafter the solidswere

removed from the sumjpy maintenance staff as the cleanout proceeded. Amyfined space entry to
removesolidsfrom HDS unit sumps was performed by city maintenance staff trained and certified in
such activitiesOne composite sample tie solids was collected for each HDS uhite solid samples
that were collected consisted efther sedimentonly,or a combination ofediment and organic/leafy
debris depending on the type of solids that were found in each sunie later type of samples were
collected in cases where this type of material dominatedgbkds contenbf the HDS unit sump, and
collection of a sedimerbnly sample would not be representative of the solids in the sump.

2.3 LABORATOMMETHODS

All solidsamplesvere analyzedor the RMP 40 PCB congentr®tal mercuy, total solids (TS)otal
organic carbon (TO@ndbulk densityby the methods identified in Table 2.All sedimentnly samples
were also analyzed for grasize by the methods in Table 2\With the exception of grain sizsd bulk
density, sedimentonly samples wereieved by the laboratory at 2 mprior to analysisThe sediment
and organic/leaf debrisamples weraot sieved butwere analyzed asvhole samplesThese samples
were alscanalyzed for total organic matter (TOM) the methodidentified in Table 2, in order to
estimate the percent ofhe solid materiakhat was organic (e.g., leaf debris) vs. inorganic (e.g., mineral
content) becausePOCs$n sump solidsvere assumed to bpredominantlyassociated with the mineral
fraction (i.e., the leafy material is expected to add f@@CHut a larg contribution to the totakolids
mass, andhe relative proportion of organ-matter vs. mineral fractions providessessment of the
degree of dilution by organic matter).

Additional details about the field sampling and laboratory analysis methodgravided in the project
SAP/QAPP (Appendix B).

4The40 individual congeners routinely quantified by the Regional Monitoring Program (RMP) for Water Quality in
the San Francisco Estuary incluB€Bs 8, 18, 28, 31, 33, 49, 52, 56, 60, 660, 74, 87, 95, 97, 99, 1015, 110,
118, 128, 132, 138, 141, 14%1 153, 156, 158, 170, 174, 177, 180, 183, 187, 194, 195, 201, and 203

10
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Table2.1. Laboratory Analytical Methods for Analyteism Sedimentand Sediment/Organic Leaf debris.

Sample Type Analyte Sampling Analytical Method Reporing
Method Units
All Total Organic Carbon Grab EPA 415.1, 440.0, 9060, or | %
(TOC) ASTM D4129M

SedimentOnly Grain Size Grab | ASTM D422M/PSEP %

All Bulk Density Grab | ASTM E11086 glcm?®
All Mercury Grab EPA 7471A, 7473, or 1631 | pg/kg
All PCBs (RMP 40 Congene| Grab | EPA 1668 pg/kg
All Total Solids Grab EPA160.3 %
Sediment + Total Organic Matter Grab EPA160.4 %
Organid¢LeafDebris (TOM)

2.4 DATAANALYSIS ANBEPORTING

The data collected during sampling was combined e#timated catchment loads to evaluate tRe©C
removal performance of each HDS wastfollows First, the annual mass of POG@duceddue to
cleanouts was calculatddom the measuredPOC concentrations in sump solids and the estimated
average volume of solids removed per cleanautd the total mmber of cleanouts per yeaNext,the
annual stormwatetoadsof POCslischarged from each HDS unit catchmemete estimated usingwo
different methods to calculate the catchment loadsnally, HDS unit performance was evaludtgd
calculating the POGepcent removalsiue to HDS Unit cleanoutsr both catchment load estimates
Additional details about each of these steps are presented here.

2.4.1 Annual Mass of POseducedue to Cleanouts
The annual mass of PO@duceddue to removal of sump solids froRDS unis duringcleanouts was
calculatedusingEquation2-1.

(2-1) Mupsi = VHpsi X~ Hpsi X FroeHpsi X CeocHps X Nrps

Where:

MHubsi the total annualPOC massemoved from the sump of HDS Unftrig/year);
VHDsi the volumeof solidsremoved fromHDS Unit duringa cleanout (cubic yards

(CY) per elanout;
,[HDs,i the bulk density ofsolidsremoved from HDS Unit i during a clean¢gy CYj;

FroaHps the massfraction ofsolidsremoved from HDS Unit i during a cleanthat is
associatedvith POG;

CeocHps the concentratiorof POGin the solidsremoved from HDS Unit i during a
cleanout(mg/kg dw);

NHpsi the number of cleanouts of HDS Un#lach yeaKcleanouts/year)
11
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In order to provide the inputs required for Equatig+i, additional infaomation was gathered frorthe
appropriate municipalitieor each HDS unit that was sampl@ttluding construction details (dmuilts)
and maintenance records on past cleanolsintenance records were reviewed to gather information
on the number and frquency of past cleanouts, and the volume of safjgscally removedrom sumps
during cleanoutsinformation on the types of materials removed during each cleanout was generally
limited. However, any cleanout thanly recorded removal of floatable$.e., buoyant solids suspended
in the water layer above the sumplas excluded from these evaluatigras the focus here was on
removal of solicsediment and debsicaptured inthe sumpsAlthough organic materials such as leaves
are generally buoyant, thesekds 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.
Additionalassumptionsiescribed belowvere used to provide thenputs requiredfor Equation 21.

1 Theaveragevolume of solids removefifom the sumpper cleanoutMps)) wascalculated for
each unitfrom maintenanceecordsor was assumed to be equivalent to the volume of the
dzy A 1 Q& & 2 f AiRdaintdnaree\écad® werednd\allable Where available,
maintenance records were reviewed to identify the volume of solids removed from a given
dzy Al Qa &adzyYL) RdzZNAy 3 SIFOK Of Sty2dziz yR Fy I @SN
Where not availableconstruction detailgi.e., asbuilt drawings) were reviewed to calculate the
sump storage capacity for each unit. The full sump capacity was sekesgedeasonable
estimate of the volume of solids removed during a cleanout becaughdlecorded volumes
removed during clenouts were typically near even exceededump capacityand(2)
information provided by municipal staff indicated solids in the sumps were typically not
removed unless the sumps wenell over50% full. Thitater information was further
corroborated bymaintenance records that identifiedraumber of cleanouts werperformed
whereonly floatables were removed from thep layer of water inthelzy A § Q& & ONB Sy Ay 3
and no solids were removed from the sumps. stated previously, cleanoutsat only remwed
thesefloatables werenot included inthe calculation of the average volume of solids removed
per cleanoutInitial attempts to further refine and/or improve the estimates of theerage
volumes of solids removed per cleand#sed on maintenance readswere evaluated,
including(for examplenormalizing the volumef solidsremoved ina given cleanouto the
rainfall amountswithin that catchmentsincethe previous cleanoutHowever, because the
maintenance data wermited, highly uncertain, and imany cases, incomplete, tlmtcomes
of these efforts were inconclusive at beandthey were not pursued further.

1 The fraction of solids removeturing cleanoutshat wasassociated with POQB-oerps) Was
estimatedfrom measurement datfor each HD&nit. For sedimenbnly samplesthe fraction
associated with PO®@g&s assumed to bthe dry fraction of solidgemovedthat was< 2 mmin
grain sizewhere %TS accounts for the moisture content of the solids, and the % < 2 mm
accounts for the small padie size fraction of the solidsor the sediment + orgarileaf
samplesthe fraction associated with PO@as assumed to bihe dry fraction of solids
removed that was inorganiavhere % TOM measurement allows for calculation of the %
inorganic(i.e.,mineral content of the sampleThese assumptiorsre consistentvith
catchment loads calculated Bection 2.4.2or each HDS unit catchmer@tchmentloads

12
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calculated using thBASMAAand usebased POC yieldBASMAA 2017 ar usingthe Regional
Waterdhed Spreadsheet ModéRWSMWAu et al 2017), both rely on inputs that assume POCs
are associated with the smallére., < 2 mmparticle size fractions in stormwater

1 All of the measurement data used as inputs to Equa#dnPOC concentrations, butlensity,
etc.) were assumed to be representativetioé values of these parameters ftypical sump
solids removed during cleanouts over time for a given HDS Thit assumption was necessary
because the data needed to evaluate the temporal and spatiahiility in these parameters
are currently unavailableMultiple samples from the same HDS unit over a number of years
would be needed to quantifihe variabilityover time,while this project provided only 1 sample
per unit To account fosome degree bvariabilityin the measured POC concentratiotise
average relative percent differens€RP[3) between field duplicate sediment samplesllected
from storm drain structures over the past 5+ yeacsoss the Bay Area were us@&@CVURPPP
2018, SMCWPPP 8 BASMAA 2017bThe RPD was calculated &tfield duplicatepairs and
for PCBstanged from <1% to 185%, Wwiain average of 37%or mercury, the RPDs ranged from
4% to 43%, with an average of 17Phe average RRIor PCBs and mercury weagplied b the
concentrations measured in this study to develop a low and bigttentrationestimate(and
associated low and high POC mass removed per cleafuww@ach unit.

9 Two cleanouts per year were assumédthough 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 yeaselasted as a
reasonable approximation based on the typical cleanout frequencies reported by maintenance
staff.

2.4.2 Annual POGtormwateroads discharged from each HDS Unit Catchment

For each HDS Unit, the annaaleragePOC loads discharged fratecatchnment were calculatedusing
two different methods Method #1is based on catchmerdpecific land use multiplied bgnd usebased
POC vyields described in tBASMAAnterim Accounting Methodology (BASMAA 2811 Method #2is
based orRWSMestimates ofannualstormwater runoff volume and land usébasedPOC event mean
concentrationgdWu et al. 2017)Additional details about the inputs and assumptions used to calculate
annual averageatchments POC loadsingeach of thesenethodsare provided below.

2.4.2.1 HDSCatchment Loat, Method #1 BASMAA Land UBased Yields

Thismethodrelies on thdand usebasedmercury and PCBgeldsthat form the basis for the
stormwater control measure load reduction accounting methodology desciibdte BASMAAnterim
Accouning Methodolog BASMAA 20%8j. Thee yields, presented in Table 2{@&ovide an estimate of
the mass of Px&ontributed by an area of a given land use each year.

13
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Table2.2 LandUse-Based PCBs and Mercu¥jelds.

PCBs Yield Mercury Yield
Land Use Category (mg/acrelyear) (mg/acrely ear)
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 studyatiea of eachland usecategory identified in Table
2.2was multiplied by the associated POC yfeldthat land use. The total POC load for each land use
wassummed to provide the total PG&atchmentloadsfor an averageear.

2.4.2.2 HDS Catchment LaadMethod#2: RWSMRunoffVolumeXConcentration

For thismethod, outputs of the RWSM were used éstimateannual averag€OC load&r each of the

eight HDS unit catchments in this studne RWSNvas developed bgFEIM/u et al., 201Yto serve as

a regional scale planning tofar estimating average annual loads from small tributaries and sub
watersheds ofSan Francisco Bayhe RWSM includeshgdrology modethat providesan estimate of

runoff volumes for Bay Area watersheds amndb-svatersheds, angbollutant modesfor PCBsrad

mercury that are driven by the hydrology and provigater concentration maps tied to land use
classificationsThe hydrology model calculaannual average runoff usinginfall data from PRISM
(Parameter Elevation Regremsion Independent Slopes Mel which idhased orclimate data from

1981¢ 2010 www.prismclimate.ordy andrunoff coefficientsdeveloped fromand usesoilslope
combinations The hydrological calibration was based on 19 watersheds evenly distributed across three
micro-climate subregions (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 rang8@¥o}/ One of the outputs from

the model is a continuous estimate of runoff for the entire Bay ane@liS format which can be used to
estimate flow from any spatial extent of interest (parcel, storm,-a#tershed, watershed, sutegion

(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 RWSMPCBs and mercury pollutamodek were calibrated using data from eight

(PCBs) and simercury)well sampled watersheds. The calibration was deemed reasonable for PCBs and
less good fomercury(Wu et al., 2017). One of the outputs from the mogedvides event mean
concentration(EMQ data for stormwater by land use classificatias, shown in Table 2.3

14
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Event Mean Concentrations (EMC

Land Use Classification 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
Saurce Areas

MWu et al. 2017

It is important to note that thdand use classifications shown in Table 2.3 are not exactly the feame
PCBs and mercury, nor are thegnticalfor the same pollutant in Tald£.2 and 2.3. The differences

include the follaving:

 Thed 2f R dzsdifitayioéin Table 2.Zombinesi K S
YR (NI yaL}R2 NI | PGBRwhie thése drédiendtkagdoriet @ Rdble 2.3;

1 New Urban, Ag and Open space classificatioiable 2.3ll hare the same EMC for PCBs, but
are split into two separate categories (New Urband Ag/Open Spacejith different EMCdor
mercury, andwith different PCBs yield®r each categoryn Table 2.2

For each HDS Unit catchment in this stuglgyation 22 wasused to calculate the average annual POC

loads forthe catchment using RWSM inputss described below

(2-2) Mcatchmeni = Qcatchment X CX EMGatchmend
Where
M catchmeni the total POC mass discharged from Catchmdtite catchment draining to

HDS Unif) over the time period of interest (mg/year);

QCatchmemi the averageannualrunoff volume h catchmenti from the RWSM

(literslyear);

C unit conversion factorrfg to mo;

EMQatchmeni  the areaweighted stormwateipollutant event mean concenétion (EMG
ng/l) for Catchmeni based orand use TheRWSMand usebasedEMCsn
Table 2.3Wu et. al. 2017)vere usedo calculatean areaweighted
pollutant EMCor each catchmenbased on the acreagef eachland use

classification irthe catchment.
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2.4.3 Evaluation of HDS Unit Performance
The HDS Unit performance was evaluated by calculating the annual percent refd?@Cs due to
cleanout of solids frontiDS unisumps The percent removal of PCBs and mercury fromttital
estimatedcatchmentmassfor both of the catchment load estimate methodsscalculated using
Equation2-3.

(2-3) Total CatchmenPollutant Mass Removed (%)M Hpsi/ Mcatchmeni] X 100%

Where:

Mhtpsi the total POC mass captured in the sump of HDS Unit i over the time period of
interest (mg/year);

Mcatchmeni  the total POC mass discharged from Catchridtite catchment draining to
HDS Uni) over the time period of interegmg/year)calculated using Method
#1 or Method #2

Twopollutant percentremovals were calculatefdr each HDS unit catchmeunsing Equatior2-3,
including ondor the catchment loads calculated using Method #1 (BASMA&usebased jelds) and
the second fothe catchment loads calculated using Method &A(SM runoff volume soncentration.

16
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3 RESULTANDDISCUSSION

3.1 HDSUNITSAMPLING

Figure 3.1 presents thenge of catchment sizes treated by tRé existing public HDS units in the Bay
Area at the time of thiproject, and showing the land use distributions of each catchmehe cities of
Oakland, Palolte, San Joseand Sunnyvalall hadHDSunits that were scheduled for maintenance
during the projeciperiod andmet the logistical and safety constraints of the proj&ttween

September 2017 and March 2018, sampling was attempted at 10 HD Snuthiése cities andcompeted
successfully ahe 8 unitsidentified on Figure 3.1 andn the map in Figure 3.2lthough HDS units were
selected for sampling opportunisticalijpe HDS units that were sampled span the range of catchment
sizedreated byexistingpublicHDS unit$n the Bay AreaThemajority 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. Figu®g 3.2
provide mapsf the catchments for each of the sampled HDS units in this project.

1,000
900 m Old Industrial| [ Y= Sediment-Only sample
&= Sediment/Organic Debris sample I
. Old Urban /ore P
v 800
— *
S = New Urban e
=< 700 |
8 B Open Space I
@ 600 *
c W Other
£ 500 -
=
O
& 400 i I ]
S 300
a
T 200 11
®. .=
100 _** I I
. **. ARRRRRNARNRRRRRRRRRENNY |

Public HDS Units in Order of Increasing HDS Unit Catchment Size

Figure3.1 Catchment Sizes and Land Use Distributions for Existing Public HDS UnitsSarnHeranciscBay
Area. The HDS units thatere sampled in this study are identifiedith a black star (sedimenrbnly
samples collected) or diamond (sediment/organic debris samples collected)
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Figure3.2 Overview Mapof the 8 HDS Units Sampled in the San Francisco Bay Area

Part of the BASMAA BMP Effectiveness Study.
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Table3.1 HDS Units that wersampledin the San Fracisco Bay Area as part the BASMAAOC Monitoring for Management ActioBffectiveness Study.

Land Use Classification (Acres)
Old Urbart Total
:BDS :?g?;le d HDS Description Lat Long old old old New Ag/ Area
Industrial | Commercial/ | Residential/ | Urban Open | (Acres)
Other Parks
Mathilda overpass mject
1 | Sep2014 CDSL1 at California Ave | 37.38224| -122.03306 0.0 0.0 15 15 0.2 3.3
Sunnyvale, CA
Mathilda overpass project
2 | Sep2014 CDS2 at Evelyn Ave 37.37891| -122.03271 11 0.3 2.2 3.6 0.0 7.2
Sunnyvale, CA
Aug HDS &G; Perkins & Bellevue
3 (Nature Center) 37.80744| -122.25597 0.0 5.3 70.0 0.0 0.0 75.3
2010
Oakland, CA
4 | Juzorz | HPSDi22ndandValley | 07 g1109| 127 26787| 1.8 73.2 27.0 0.0 03 | 1023
Oakland, CA
W. Meadow Dwe and Park
5 | Jun2012 Blvd 37.41816| -122.12538 2.9 17.6 73.9 32.5 0.8 127.5
Palo Alto, CA
HDS 604; Sunset Avenue S
6 | Sep2012 of Alum Rock Avenue | 37.35447| -121.84814 23.0 127.0 441.1 1.6 0.0 592.7
San Jose, CA
HDS 27A2 units (East Unit
7 | Sep2015 and West Unit) 37.38922| -121.99592| 269.6 136.2 11.3 282.6 11.9 711.6
San Jose, CA
HDS 612; Lewis Road ang
Lone Bluff Way Los Lagos
8 | Jun2016 . 37.29923| -121.83591 0.0 171.9 503.2 14.4 53.3 742.8
Golf Course (2 units)
San Jose, CA
¢ KS ahf Rndudsdateggrygini KS LY GSNAY | 002dzyiAy3d aSiK2R2f 238 oOoHAMTFO 61 &

with the land usecategories in the RWSM (Wu et al. 2017).
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Figure3.3 Map of HDS Units #1 and #2 Catchments in Sunnyvale, CA.

Figure3.4 Map of HDS Units #3 and #4 Catchments in Oakland, CA
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