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Executive Summary

This report documents the elements of t&enall Tributary Pesticide Model (STPM) and its application to
develop revised pesticide Total Maximum Daily Loads (TM@LB)strict of Columbia Final Total
Maximum Daily Loads for Organics and Metals in Broad Branch, Dumbarton Oaks, Fenwick Branch,
Klingle Valley Creek, Luzon Branch, MdHaren Valley Branch, Normanstone Creek, Pinehurst Branch,
Piney BranctPortal Branch, and Soapsto@eeekapproved in 2004District of Columbia Final Total
Maximum Daily Loads for Organics dvidtals in Battery Kmble Creek, Foundry Branch, and Dalecarlia
Tributary, approved in 2005and District of Columbia Total Maximum Daily Load for Organics, Metals,
and Bacteria in Oxon Rapprovedin 2004 Revised TMDLs were developed for chlordahehloro-
diphenyttrichloroethane(DDT), dieldrin, and heptachlor epoxider the small tributaries in the District

2F /2t dzYoAl Q& 05/ Qauv LRNIA2Yy 27F (TKIBLs deedped forNB S |
each small tributaryn whichthe presence of a pesticide waonfirmed bynstream water quality
monitoring collected in 2013 (Tetra Tech, 2QIhble ES.1 shows which TMDLs were developed for
each tributary!

Table ES.1: Rock Creek and Potomac River Tributaries with Revised Pesticide TMDLS

Mainstem Tributary Dieldrin | Heptachlor Epoxide Chlordane| DDT

Broad Branch X
Dumbarton Oaks X
Fenwick Branch

Klingle Vallexreek

Luzon Branch

Rock Creell Melvin HazerValley Branch
Normanstone Creek
Pinehurst Branch

Piney Branch

Portal Branch

Soapstone Creek

XX | XX | X
X

XX | XXX | X
>

DalecarliaTributary
Oxon Run

DX XX XXX XXX X X XX | X

Potomac

The original TMDLs were developed®004¢ 2005 before TMDLs were required to be expressed as

daily loads. Subsequentiyne 2006 court casdsriends of the Earth vs. the Environmental Protection
Agency, 446 F.3d 140, 14dequiredestablishment of a daily loading expressiomMDLsn addition to

any annual or seasonal loading expressions established in the Ti@DUanuary 15, 20Q#nacostia
Riverkeepers, Friends of the Earth, and Potomac Riverkeepers filed a complaint (Case Mw@-: 1:09
00098JDB), becausesdain DCTMDLsincluding the pesticide TMDLs for Rock Creek and Potomac River
tributaries, did not have a dily load expression established. The U.S Environmental Protection Agency

! Chlordane, dieldrin, heptachlor epoxide, or DDT was not detected in Battery Kemble Creek or Foundry Branch, so

NEOAASR ¢ta5[a 6SNBE y20 RS@GSt2LISR FT2NJ KS&S GNAOdzilF NRSA

(DOEE, 2014) for the current statof these tributaries.
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(EPA) settled the complaint by agreeing to an established schedule approved by both the court and the
plaintiffs to the case According to the current schedulihe original TMDLare set to vacateby January
1, 2017.

5/ Qa ¢l GSNJ ljdz £ AdGe adil weklreNiBed in J085Ndftéh&oBigingl TMELslzZNJ LIS & G A
were established, and EPA and the District of Coluntb& 5 S LJI NIi Y S yEdvircdrientDOSEH & | Y |
decided to revie the TMDLs rather than submit daily loads based on the original TMDLs. The original

TMDLs had been developed using the DC Small Tributary TMDL Model (DCSTM) (ICPRB, 2003). DCSTM
was a simple model. It calculated constituent loads in small tributaassdon (1) simulating storm

flow and base flow in a tributary from the land uses in a watershed, and (2) associating a constituent
concentration with storm flow or base flow from each land use. EPA an&@ggkeled to update the

model used to develop thEMDLs. STPM, the revised model, has the same structure as Did$Tihé

model elements have been updated using the best information currently available. In particular, STPM
incorporates the following new information:

f The simulation of daily flowsslF 8 SR 2y | NBOSyi @GSNBRAZ2ZY 2F (KS
6/ .1t Qa0 2FGSNAKSR az2RStz gKAOK Iff 2208 KS aavyd

9 Land use classes and acreage in DC have been taken from the DC Consolidated TMDL
Implementation Plan for its ©44; and

1 Model input concentrations associated with land uses and flow paths have been estimated
based on DC MS4 monitoring data and instream monitoring data.

Land use was classified by land cover (impervious, pervious developed or turf, and forest)ubaidngg
status (municipaleparate storm water system (Mj4£ombined sewer system (CSS), and direct
drainage). Land use acreage for the small tributaries is shown in TableFa®\Branchis the only
tributary with combined sewer overflow (CSO) olfa Portions oFenwick Branch, Pinehurst Branch,
Portal Branch, and Oxon Rutersheds lie in Maryland.

Tables ES, EX4, ES, and E®.give the average annual baseline loads (Ibs/yr) from STPM for
chlordane dieldrin, heptachlor epoxideand DDTtespectively, in the small tributaseover the 2004

2012 simulatiorperiod. Pesticide loads were only estimated for the small tributaries for which revised
TMDLs were developed, as shown in Table ES.1.

TMDLs for the small tributaries were developeddsgigning the most stringent water quality criteria,

the Class D 3@ay average human health criteria, as the model input concentration for both storm flow

and base flow from all source&ince all sources discharge at the human health critsiiaylated

concentrations in the tributaries are hetd constant valus equal to thehumanhealth criteria. The

human health criteria are less than either the corresponding acute or chronic aquatic life cthesia

ensures that theséatter criteria are also meover their respective ondour or four day averaging

periods. The TMDLs generally require reductions greater than 90% from all sources for most

constituents. Sources can be divided into@fdJA LIS 69ht 0 RA&OKI NHSaxz tA1S 5
nonpoint sourcegNPS)which include base flow discharges and all flowSC outside either the MS4 or

CSS. Surface flows from developed land in the portion of tributaries in Maryland were also assumed to

XiX



be EOP sources. Table&hows the redction required under the TMDIlcé&nario from EOP sources
and nonpoint sources.

Table E: Land Use Acreag@cres)in the Rock Creek and Potomac River Watershed Tributaries

MS4 Direct Drainage Maryland
[%2]) (2] [0}
2 3 css| 3
2 = w 2 3
S le || 88| |@ g = o
Mainstem | Tributary EI2|I2IE|2 |8 IS = £ | Total
BroadBranch 367 |495| 39| 22| 46 | 176 - - - - | 1,145
DumbartonOaks 8 3 1|25 52 | 47 - - - - 136
FenwickBranch 60 | 93 | 9 | 11| 25 | 22 - 150 | 243 | O 612
Klingle Vallexreek 55 | 57 |14 | 7 | 13| 26 - - - - 172
LuzonBranch 300|277 13| 5 | 22 | 25 - - - - 643
Rock Melvin HazerValley 43 | 60 | 6 9 9 a7 - - - - 174
Creek Branch
NormanstoneCreek 70 | 88 | 8 6 12 | 34 - - - - 217
PinehurstBranch 89 | 151| 6 | 12 | 28 | 160 - 59 160 0 664
PineyBranch 18| 18| 9 | 2 7 | 46 | 2,406 - - - | 2,506
PortalBranch 22 1 37| 2|0 1 7 - 80 50 0 201
SoapstoneCreek 202202 7 | 22| 30 | 52 - - - - 514
Dalecarlialributary 393|534 50| 12| 30 | 72 - - - - 11,091
Potomac -5 onRun 829|890 81 | 28 | 133 | 183| - | 1,040| 2,866 946 | 7,895

Sources: DOEE (MS4 and Difactiinage)MDE (Maryland except for Oxon Run); and PGIM&Ryland Oxon Run).

TableES3: Chlordane Average Annual Baseline Loads (Ibs/yr)

Mainstem Tributary DC Regulated| DC Combined| DC Nonpoint Maryland Total
Stormwater Sewer Source
Broad Branch 6.54E01 - 4.,58E02 - | 7.00E01
Dumbarton Oaks 1.25E02 - 5.03E02 - | 6.28E02
Rock Creek | LuzonBranch 5.00E01 - 1.40E02 - | 5.14E01
Piney Branch 2.99E02 6.35E02 5.25E03 - | 9.87E02
Soapstone Creek 3.40E01 - 3.92E02 - | 3.79E01

XX



TableES4: Dieldrin Average Annual Baseline Loads (Ibs/yr)

Mainstem Tributary DC Regulated] DCCombined | DC Nonpoint Maryland Total
Stormwater Sewer Source
Broad Branch 4,13E03 - 2.73E03 -| 6.86E03
Dumbarton Oaks 7.91E05 - 6.87E04 - | 7.66E04
Fenwick Branch 7.00E04 - 5.93E04 | 2.64E03 | 3.93E03
Klingle Vallereek 5.86E04 - 4.62E04 - | 1.05E03
Luzon Branch 3.16E03 - 1.06E03 - | 4.22E03
Melvin Hazervalley -
Rock Creek| g anch 4.87E04 5.33E04 - | 1.02E03
Normanstone Creek 7.76E04 - 5.33E04 - | 1.31E03
Pinehurst Branch 1.05E03 - 1.42E03 1.38E03 | 3.85E03
Piney Branch 1.89E04 4.01E04 3.57E04 - | 9.48E04
Portal Branch 2.65E04 - 1.51E04 | 9.76E04 | 1.39E03
Soapstone Creek 2.15E03 - 1.14E03 - | 3.29E03
Potomac Dalecarlialributary 4.43E03 - 2.23E03 - | 6.66E03
Oxon Run 1.94E03 - 1.14E03 | 9.07E03 | 1.21E02
TableES5: Heptachlor Epoxide Average Annual Baseline Loads (Ibs/yr)
Mainstem Tributary DC Regulated| DC Combined DC Nonpoint Maryland Total
Stormwater Sewer Source
Broad Branch 2.10E03 - 2.04E03 -| 4.14E03
Dumbarton Oaks 4.02E05 - 4.43E04 - | 4.84E04
Fenwick Branch 3.56E04 - 4.25E04 1.62E03 | 2.41E03
Klingle Vallexreek 2.98E04 - 3.32E04 - | 6.30E04
Rock Creek Luzon Branch 1.61E03 - 8.10E04 - | 2.42E03
Normanstone Creek 3.94E04 - 3.93E04 -| 7.87E04
Pinehurst Branch 5.36E04 - 1.04E03 8.86E04 | 2.46E03
Piney Branch 9.61E05 2.04E04 2.60E04 - | 5.60E04
Portal Branch 1.35E04 - 1.17E04 5.54E04 | 8.06E04
Soapstone Creek 1.09E03 - 8.22E04 - | 1.91E03
Potomac | DalecarliaTributary 2.25E03 - 1.70E03 - | 3.95E03
TableESG: DDT Averagénnual Baseline Loads (Ibs/yr)
Mainstem Tributary DC Regulated| DC Combined| DC Nonpoint Maryland Total
Stormwater Sewer Source
Rock Creek | Fenwick Branch 5.71E03 - 1.20E03 1.38E02 | 2.07E02
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Table ES: Percent Reductions Required to Meet Current Class D Human Health Criteria, TMDL
Scenario

Dieldrin Heptachlor Epoxide| Chlordane DDT

Mainstem | Tributary EOP | NPS EOP NPS EOP | NPS| EOP | NPS
Rock Creek Broad Branch 95.5%| 97.8%| 93.6% 98.1% 99.6%| 49%

Dumbarton Oaks 95.5%| 97.8%| 93.6% 98.1% 99.6%| 49%

Fenwick Branch 95.5% | 97.8%| 93.6% 98.1% 97.8% | 43.6%

Klingle Valley Creek 95.5%| 97.8%| 93.6% 98.1%

Luzon Branch 95.5%| 97.8%| 93.6% 98.1% 99.6%| 49%

Melvin Hazen Valley Brand 95.5%| 97.8%

Normanstone Creek 95.5%| 97.8% | 93.6% 98.1%

Pinehurst Branch 95.5%| 97.8%| 93.6% 98.1%

Piney Branch 95.5%| 97.8%| 93.6% 98.1% 99.6%| 49%

Portal Branch 95.5% | 97.8%| 93.6% 98.1%

Soapstone Creek 95.5%| 97.8% | 93.6% 98.1% 99.6% | 49%
Potomac | Dalecarlia Tributary 95.5%| 97.8%| 93.6% | 98.1%

Oxon Run 79.2%| 91.8%

The TMDLs used an implicit margin of safety (MOS) that was justifibe bgnservative assumptions
incorporated into STPMThetwelve-yearsimulation period2001-2012)ensures that the TMDLSs

covered a variety of hydrological conditions and critical conditions, including seasonal variations.
Moreover, it is assumed that all categories of sources discharge at the most stringent applicable water
quality criteria, and thaho category of sources relies on dilution from another category of sources, in
order that water quality standards be met.

The TMDLs are expressed as average annual loads, average daily loads, and maximum daily loads. Tables
ES8, E, ES.Q, and ESgive the average annual TMDL load allocations (Ibs/ygHtmrdane,

dieldrin, heptachlor epoxide, and DDiEspectively. Average daily loads are the average annual loads

divided by 365. Tables E3.ES.3, ES.4, and ESAgive the maximum daily loadlacations (Ibs/d).

TableES8: Chlordane Average Annual TMDL Load Allocations (Ibs/yr)

Mainstem Tributary DC Regulated| DC Combined| DC Nonpoint Maryland Total
Stormwater Sewer Source
Broad Branch 2.79E03 - 1.06E03 - 3.85E03
DumbartonOaks 5.34E05 - 3.51E04 - 4.04E04
Rock Creek | Luzon Branch 2.13E03 - 3.86E04 - 2.52E03
Piney Branch 1.28E04 1.06E05 1.47E04 - 2.85E04
Soapstone Creek 1.45E03 - 4.76E04 - 1.93E03

TableESO: Dieldrin Average Annual TMDL Load Allocations (lbs/yr)

Mainstem Tributary DC Regulated| DC Combined DC Nonpoint Maryland Total
Stormwater Sewer Source
Broad Branch 1.86E04 - 7.06E05 - 2.56E04
Rock Creek Dumparton Oaks 3.56E06 - 2.34E05 - 2.69E05
Fenwick Branch 3.15E05 - 1.68E05 9.61E05 1.44E04
Klingle Vallexreek 2.64E05 - 1.30E05 - 3.94E05
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Luzon Branch 1.42E04 - 2.57E05 - 1.68E04
Melvin HazerValley
Branch 2.19E05 i 1.51E05 - 3.70E05
Normanstone Creek 3.49E05 - 1.42E05 - 4.91E05
Pinehurst Branch 4.75E05 - 3.84E05 4.71E05 1.33E04
Piney Branch 8.51E06 7.07E07 9.78E06 - 1.90E05
Portal Branch 1.19E05 - 3.55E06 3.92E05 | 5.47E05
Soapstone Creek 9.67E05 - 3.17E05 - 1.28E04
Potomac DalecarliaTributary 2.00E04 - 5.47E05 - 2.54E04

Oxon Run 4.02E04 - 1.14E04 1.41E03 1.93E03

TableES.D: Heptachlor Epoxide Average Annual TMDL Load Allocations (lbs/yr)

Mainstem Tributary DC Regulated| DC Combined DC Nonpoint Maryland Total

Stormwater Sewer Source

Broad Branch 1.34E04 - 5.10E05 - 1.85E04
Dumbarton Oaks 2.57E06 - 1.69E05 - 1.95E05
Fenwick Branch 2.27E05 - 1.21E05 6.94E05 1.04E04
Klingle Vallereek 1.90E05 - 9.39E06 - 2.84E05

Rock Creek Luzon Branch 1.03E04 - 1.86E05 - 1.21E04
Normanstone Creek 2.52E05 - 1.03E05 - 3.55E05
Pinehurst Branch 3.43E05 - 2.77E05 3.40E05 | 9.60E05
Piney Branch 6.15E06 5.10E07 7.06E06 - 1.37505
Portal Branch 8.60E06 - 2.56E06 2.83E05 | 3.95E05
Soapstone Creek 6.98E05 - 2.29E05 - 9.28E05

Potomac | Dalecarlialributary 1.44E04 - 3.95E05 - 1.84E04

TableES.1: DDT Average Annual TMDL Load Allocations (lbs/yr)

Mainstem Tributary DC Regulated| DC Combined DC Nonpoint Maryland Total

Stormwater Sewer Source
Rock Creek Fenwick Branch 1.28E04 - 6.83E05 3.91E04 5.88E04
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TableES12: ChlordaneMaximum Daily Load Allocation@bs/d)

Mainstem Tributary DC Regulated| DC Combined| DC Nonpoint Maryland Total
Stormwater Sewer Source
Broad Branch 5.18E04 - 8.99E05 - 6.08E04
Dumbarton Oaks 8.36E06 - 5.43E05 - 6.27E05
Rock Creek | Luzon Branch 3.72E04 - 2.30E05 - 3.95E04
Piney Branch 2.27E05 2.65E05 1.77E05 - 6.69E05
Soapstone Creek 2.56E04 - 4.52E05 - 3.01E04
TableES.B: Dieldrin Maximum Daily Load Allocation8bs/d)
Mainstem Tributary DC Regulated| DC Combined DC Nonpoint Maryland Total
Stormwater Sewer Source
Broad Branch 3.45E05 - 5.99E06 - 4.05E05
Dumbarton Oaks 5.57E07 - 3.62E06 - 4.18E06
Fenwick Branch 5.98E06 - 1.78E06 9.12E06 1.69E05
Klingle ValleLreek 4.69E06 - 1.41E06 - 6.10E06
Luzon Branch 2.48E05 - 1.53E06 - 2.63E05
Melvin Hazervalley
Rock Creek| granch 4.09E06 ) 1.63E06 | 5.72E06
Normanstone Creek 6.41E06 - 1.33E06 - 7.73E06
Pinehurst Branch 9.20E06 - 4.13E06 3.92E06 1.73E05
Piney Branch 1.51E06 1.77E06 1.18E06 - 4.46E06
Portal Branch 2.30E06 - 1.95E07 4.40E06 6.89E06
Soapstone Creek 1.71E05 - 3.01E06 - 2.01E05
Potomac DalecarliaTributary 3.71E05 - 3.48E06 - 4.06E05
Oxon Run 7.18E05 - 9.51E06 1.80E04 2.61E04
TableES.#: Heptachlor EpoxidéMaximum Daily Load Allocationg§bs/d)
Mainstem Tributary DC Regulated| DC Combined DC Nonpoint Maryland Total
Stormwater Sewer Source
Broad Branch 2.49E05 - 4.33E06 - 2.93E05
Dumbarton Oaks 4.02E07 - 2.62E06 - 3.02E06
Fenwick Branch 4.32E06 - 1.29E06 6.58E06 1.22E05
Klingle Vallereek 3.39E06 - 1.02E06 - 4.40E06
Luzon Branch 1.79E05 - 1.11E06 - 1.90E05
Rock Creek
Normanstone Creek 4.63E06 - 9.57E07 - 5.58E06
Pinehurst Branch 6.65E06 - 2.98E06 2.83E06 1.25E05
Piney Branch 1.09E06 1.28E06 8.53E07 - 3.22606
Portal Branch 1.66E06 - 1.41E07 3.18E06 | 4.98E06
Soapstone Creek 1.23E05 - 2.18E06 - 1.45E05
Potomac | Dalecarlialributary 2.68E05 - 2.51E06 - 2.93E05
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TableES.5: DDTMaximum Daily Load Allocationdbs/d)

Mainstem Tributary DC Regulated| DC Combined DC Nonpoint Maryland Total
Stormwater Sewer Source
Rock Creek Fenwick Branch 2.44E05 - 7.26E06 3.71E05 6.88E05

The EPA has recommended changes to thd&@paverage criteria to protect human heafelated to
fishand shellfiskconsumption, and DC onsideringadopting those changen its 2016triennial

review. Table ESGlIcontrasts the current and proposed 8ay average human health criteria. The
TMDLs were calculated using the revised critexpressed as average annual loads, average daily loads,
and maximum daily loads

Table ES & Comparison ofCurrent andRecommendedHuman Health Criteria (ug/l)

Class D: Fish Consumption Ug Percent Chang:
Human Health (3@lay average)
Constituent CAS Number | Current Recommended
Chlordane 57749 0.00081 0.00032 -60%
DDT 50293 0.00022 0.000030 -86Y
Dieldrin 60571 0.000054 0.0000012 -98%
Heptachlor Epoxidg 1024573 0.000039 0.000032 -18%
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1 Introduction

1.1 Background

In 2004, the District of Columbia Department of Health (DDOH) developed Total Maximum Daily Loads
(TMDLs) for toxic organic chemicéitcludingchlordane, dieldrin, heptachlor epoxide, and DIiT)

eleven small tributaries to Rock Creek dadr small tributaries to the Potomac River (DDOH, 2004a,
2004b, and 2004c)The TMDL reports includdistrictof Columbia Final Total Maximum Daily Loads for
Organics and Metals in Broad Branch, Dumbarton Oaks, Fenwick Branch, Klingle Valley Creek, Luzon
Branch, Melvin Hazen Valley Branch, Normanstone Creek, Pinehurst Branch, Piney Branch, Portal Branch,
and Soap®ne Creekapproved in 2004District of Columbia Final Total Maximum Daily Loads for
Organics andMetals in Battery Kemble Creek, Foundry Branch, and Dalecarlia Trjlatiargved in

2005 andDistrict of Columbia Total Maximum Daily Load for OrgaMesals, and Bacteria in Oxon

Run approved in 2004 Subsequently,ite 2006 court casdsriends of the Earth vs. the Environmental
Protection Agency, 446 F.3d 140, 14dquiredestablishment of a daily loading expressiomMDLsn
addition to any annuleor seasonal loading expressions previously established in the TNIDL&nuary

15, 2009 Anacostia Riverkeepers, Friends of the Earth, and Potomac Riverkeepers filed a complaint
(Case No.: 1:66v-00098JDB), because certain District of Columbia (IMD)LE did not have a daily load
expression established. The U.S Environmental Protection Agency (EPA) settled the complaint by
agreeing to an established schedule approved by both the court and the plaintiffs to the Tase.

organic chemical TMDLs for altributaries in the Rock Creek and Potomac watersheds were
developed without daily loading expressions and were included in the 2009 compaiotrding to the
current schedulethe small tributary organic chemical TMCdrs scheduled to vacatby Jamary 1,

2017.

Almost all of the Rock Creek and Potomac River small tributaries were first placed on the District of

| 2f dzYo Al Q& 65/ Qa0 onodRO [A&ad 2F LYLI ANBR 2 (SN&
in the District were listed as ipaired by toxics, based on fish tissue and sediment samples collected in
the Anacostia RiveDDOH 20044). Before developing daily load expressidior the TMDLs, ERAd

the District of Columbia Department of Energy and Environment (DOEE) eeMtemavailable

monitoring data and colleed additional datato clarify and identify the current impairments for each of
the tributaries. On behalf of EPA, Tetra Tech collected samples in the listed tributaries on October 29,
2013 as part of a larger effort wonfirm the listings for metals and toxics across the District. The
samples were analyzed for metals, pesticideslycyclic Aromatic Hydrocarbons (PAldsd
Polychlorinated Biphenyls (PCBBpr more information, please refer to the Dist&2014 litegrated

Remrt (DDOE, @14).

Four pesticides were detected in Rock Creek and Potomac River tributarldsindaichloro-diphenyt
trichloroethane(DDT), heptachlor epoxide, and chlordane. Tabléghows which pesticides were
detected in which tributaries. For each tributary where a pesticide was detdo@BEwill revise its



TMDLdor that pesticideand includea daily loacexpression Rather than base the daily loads on the
original TMDLs,FEA and DOEE decided to revise the TMDLs for theseigestior the following
reasons:

First, since the original TMDLs had been established in 2002005 the water quality standards

changed for these toxic chemicals. These changes are deganilnae detail in Section 1.4

{ SO2YRX FTRRAGAZ2YIE Y2yAG2NAy3 RIGF KFIR 0SSy 02ftftS
system (MS4) permit in the Rock Creek and PotoRiger watershedand could be used fquurposes

of modeling.

Table 1.1 Rock Creand Potomac River Tributariesithh Revised Pesticide TMDLs

Mainstem | Tributary Dieldrin | Heptachlor Epoxidel Chlordane| DDT

Rock Creel Broad Branch X
Dumbarton Oaks X
Fenwick Branch

Klingle Valley Creek
Luzon Branch

Melvin Hazen ValleBranch
Normanstone Creek
Pinehurst Branch

Piney Branch

Portal Branch

Soapstone Creek

XXX X | X
X

XX XXX | X
X

Potomac | Dalecarlia Tributary
Oxon Run

DX XXX XXX X X XX | X

Third, EPA and D@Rvanted to update the model used to develop the TMDLs. The original TMDLs had
been developed using the District of Columbia Small Tributary TMDL Model (DCSTM) (ICPRB, 2003).
DCSTM was a simple model. It calculated constituent loads in small tributasied bn (1) simulating

storm flow and base flow in a tributary from the land uses in a watershed, and (2) associating a
constituent concentration with storm flow or base flow from each land use. Simulated flows were taken
from a calibrated Hydrologicalrilation Program Fortran (HSPF) model of the Watts Branch. The
simulation period was 1988990. It was decided that all of the elements of the model could be

updated, including

1 Changing the underlying hydrology modekitow a more recent simulation perih

1 Updating the land use and acreage; and

1 Revising the constituent caeentrations used in the model by incorporatialy monitoring data
currently available.

This report describes in detail the updated Small Tributary Pesticide Model (STPM) and iteusiia
the TMDLSs for the pesticides and tributaries shown in Table 1. Section 2 describes the structure of STPM



and inputs to the model. Section 3 discusses the general application of the model in scoping scenarios
and in the TMDL scenario. Section é\pdes results for individual tributaries.

In the remainder of this Introduction, Section 1.2 briefly describedribatary watersheds, Sectioh.3
provides background on the four pesticides, and Section 1.4 presents the water quality standards
applicabé to the pesticides.

1.2 Brief Overview of the Tributary Watersheds

All of the small tributaryvatershedsn the Rock Creek and Potomac River watersheds, except for Oxon
Run, are located in the Northwest Quadrant of DC. Figureshows the location of hwatersheds of
these tributaries. A portion of Portal Branch, Fenvidcanch andPinehurst Branches in Montgomery
County,Maryland MD). Figure 1 also shows DC Combined Sewer System (CSSBr#&tichkis the only
watershed with combined sewer overflow (CSO) outfalls in it.

Oxon Run is in the Southeast Quadrant of DC. Fip@rghows its location. Oxon Run is the largest of
the tributary watersheds. More than half of the Oxon Run watershed liesyh®% DS2 NHS Q& / 2 dzy |

All the tributary watersheds are highly developed, although substantial sections of some of the
watershed are in parkland. Section 4 provides additional descriptitdmeafdividualsmall tributary
watersheds.
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1.3 Overview of Organochlorine Pesticides

Chlordane, DDT, dieldrin, and heptachlor epoxide are all organochlorine insecticides or insecticide
degradation products. Heptachlor epoxidelie degradation product othe pesticideheptachlor;

dieldrin, while an insecticide in its own right alsoa degradation product of aldrinChlordane on the

other hand,was marketed as a mixture of compounds, including heptachlor. Technical chlordane (CAS
no. 1278903-6) can contain over 120 different compounds. In this report chlordane will refer to CAS no.
57-74-9, which is a mixture containing approximately 95% amnsl trans chlordane isomers. These
Aad2YSNRE I NB -I ¥ Rchlordayezréspgectivaly (EPA, 1997able 1.2 shows the uses of

these pesticides and the period of their use.

Organochloine insecticides have a wide variety of harmful effects on aquatic organisms (Nbwak|l
1999) whichextend throughout the environment. The impacts of DDT are-wedwn exposure to DDT
and its degradation products was shown to be related to thariiig of egg shells and the
corresponding rapid decline of populations of bald eagles and otheeéishg birds of prey (Agency for
Toxic Substances and Disease Registry (ATSDR), 2002b).

ATSDR (1994, 2002a, 2002b, 2007) documents many adverse impaatsa@m health from exposure
to these pesticides. EPA (2014 a,b,c,d) has classified chlordane, DDT, dieldrin, and heptachlor epoxide as
class B2 probable human carcinogens.

EPA is authorized to license or register pesticides for specific uses undedéralinsecticide,

Fungicide, and Rodenticide Act (FIFRA). Efeepthandful of specialized uses, all sséchlordane,

DDT, dieldrin, and heptachlor epoxide have either been banned by the EPA or voluntarily withdrawn by

their manufacturers. Tabled. aK2ga (GKS &@SINJAYy gKAOK | LISaidAOARS!
terminated. The EPA also placed chlordane, DDT, dieldrin, and heptachlor epoxide on the Clean Water

' 00 Qa t NandiSthaddhastreedmimeizded the adoption of water quality catéor these

chemicals to protect aquatic life and human health. Section 1.4 discusses the water quality criteria

adopted by DC for these pesticides.



Table 1.2 Uses and Period of Use of Organochlorine Pesticides

Year Year Use
Pesticide Introduced | Uses Registration Canceled
Chlordane 1948 Before 1974: 1974: most crops
28% used on corn, citrus 1983: All uses except termite
35% used on termites control
30% used home lawn and garden 1988: termite control
7% used on turf and ornamentals
DDT 1939 Controlmalaria and typhus 1973: All uses except for publi
Control gypsy moth and other forest pests health emergencies
Mothproofing and control lice
Used on cotton (6'80%) but also peanuts and
soybeans
Aldrin 1948 Corn and citrus 197Q crops
Dieldrin Termite control 1988:Termite control
Heptachlor | 1952 Corn small grainand sorghum 1974: crops
Termite control 1980: termite control
Still registered forontrol of
fire antsin underground
transformers

1.3.1 Environmental Persistence
In addition to their toxicity to both people and aquatic life, organochlorine insecticides share a range of
physical and chemical properties, including (Sretthl., 1988)

Sow degradation rates igoils and sediment;

Very limited solubility in water;

Srong adherence to soils or sediments;

Dissolved readily in nopolar organic solvents and fats;

Limited volatility (except for DDT); and

Srong tendency to bioaccumulate in fish, plants, and animals.

= =4 =4 4 -4 4

These properties explain the persistence of organochlorine insecticides in the environment, even after
their use has been banned for decades. Their limited solubility in water prevents them from being
rapidly flushed from a watershed, and their resistat@ghysical or biological degradation prevents

them from diminishing quickli situ Chlordane can persist in soils lmngerthan 20 years after it is
applied (ATSDR, 1994). Nevertheless, concentrations of organochloride pesticides are decreasing in
sediments and in fish tissue over time. Gilliehal. (2006)nalyzed fish tissue data collected 1969

1986 by the U.S. Fish and Wildlife Service under the National Contaminant Biomonitoring Program and
data collected by the U.S. Geological Survey 120Q1 under the National Water Quality Assessment
(NWQA) program. Thedocument that concentrations of DDT, dieldrin, and chlordane in fish tissue
show an exponential decline since their uses were discontinued. The exponential decline can be
expressed as bhalf-life. The haHife in fish tissudor DDT is seven yearfsr chlordane, 1113 yearsand

for dieldrin, 30 years. Van Metre and Mahler (2005) studied sediment cores in 28 urban reservoirs and



10 natural lakes. They also found exponential declind3DT concentrations over time, and estimated

that concentrations of total DDTs in sediment had a medianlfalbf 14.9 years. They could not
determine why the haffife islonger in sediment than in fish tissue. Van Metre et al. (3 &&und

similarrates of decline in concentrations of cesium, DDTs, and PCBs in sediment cores from reservoirs,
and they speculated that the rate of exponential decline was controlled by soil erosion, transport, and
deposition, rather than specific attributes of the coitsént. As van Metre (2006) points out, hiife,

as used here, does not refer to one specific process, but to the overall effect of all the processes which
govern the fate and transport of the constituent.

Although the use of these organochlorine peistics generally has been banned in other countries, they
are still used abroad. Chlordane, DDT, dieldrin,thacesticideheptachlor are among the persistent
organicpollutants (POPgsegulated by the 2001 Stockholm Convention, a treaty sponsored by the
United Nations and signed by 90 countfie3 he treaty aims to eliminate, or greatly reduce, the
production and use of POPs, although DDT will still be permitted to be used to control malaria.

1.3.2 Potential Sources of Organochlorine Insecticides in the Rock Creek and Potomac River
Tributaries

The Rock Creek and Potomac River tributaries in DC are heavily developed watersheds and were so
during the time chlordane, DDT, dieldrin, and heptachlor were in use. As Table 1.2 shows, these
pesticides were usedhideveloped areas for control of insects on lawns and gardens, and for control of
termites. The legacy of these uses is the most likely source of the pesticides observed in these
tributaries.

Chlordane, dieldrin, anthe pesticideheptachlor were usedof termite control, and were likely to be
applied to soils surrounding houses and other structures. Chlordane, dieldrin, and heptachlor epoxide
attached to soil can be transported in erosion and instream sediment. Netall(2009) developed

three regession models to predict concentrations of DDT, dieldrin, and total chlordane in fish tissue.
Independent variables were selected from the following categories: pesticide sources, fish taxa,
watershedcharacteristicsand geographical region§he DDTagression model explained 52% of the
variability in fish tissue concentrations overall. Much of the variability, however, was explained by lipid
content or whether the fish was a carp, and not variables which represent sources or factors controlling
the fate and transport of the pesticide. Overall, the chlordane model explained 67% of the variability of
the chlordane concentration in fish tissue while the dieldrin model explained 65% of the overall
variability.One of the independent variables usedhe dieldrin and total chlordane modeisas the
termite-urban score, which is the product of urban land within a basin weightetdofactor

corresponding to the zone of termiteedsity. The termiteurban score explained 34% of the varidil

in chlordaneconcentrations in fish tissue and 12% of the variability in dieldrin concentrations in fish
tissue. DC lies in the moderaim-heavy termite density zoneso the use of chlordane and dieldrin for
termite control is an explanatory factor in the elevatedarlane and di&lrin concentrations observed

Ay GKS 5AaGNRAOGQa 41 GSNRERO®
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Air deposition cannot be ruled out as a possible source of these pesticides, particularly DDT and
chlordane. Although they generally have low volatility, becaidbeir low solubility in water these
pesticides still can volatilize. They also can be transported attached to particulates in air. Air transport
of dieldrin and heptachlor epoxide is limited by photolyf$ i3 SDR, 2002a, 200But DDT and chlordane
can be transpord long distances through the atmosphere. Both are present in arctic food chains
(ATSDR, 1994, 2002b)

The Integrated Atmospheric Deposition Network (IADN) has been collecting monitoring data to estimate

air deposition, absorption, and volatilizationtokics chemicals, including DDT, chlordane, and dieldrin,

as part of the Greatdkes Water Quality Agreement. Atmospheric concentrations have been measured

at 15 stations since 1990. IADN (2005) documents the results of their analysis from 1990 ti@@&igh 2
Deposition rates of chlordane and dieldrin have decreased over that time period, and volatilization from

the Great Lakes is the dominant-aiater process. DDT fluxes are approaching equilibrium, and may

KI S 0SSy KSt LISR 0é& ofDSEIRD@AGN (2D0O5)reharty Rat el deosititma S

ratesof all three pesticidefrom 20002005generally are less than 1 ng#fd. Dry deposition rates

were below detection limits. Absorption of chlordane, dieldrin, and DDT wa&0%®higher in prdmity

to Chicago, while wet deposition of these pesticides was about 5% higher near Chicago than in rural

areas. Assuming 40 inches a year of precipitation, the concentration of these pesticides in rain would

be less than 0.5 ng/llt is not clear ithe deposition rates measured by IADN are applicable to the

District. Poor (2002) estimated total chlordane wet deposition rates for Tampa Bay from ambient air
concentrations, total rainfall, and gas/water partitioning. testimate of 0.4ug/m?yr is slighly higher

than rates reported by IADIGhe also cites PagtaldQa oHnnamM0 SadAYIFdGS 2F OKfE 2N
Galveston Bay df.52ug/m?#yr, which is larger than both the Tampa Bay and Great Lakes estimates. All

three estimates howeverarethe same order of magnitude, and probably indicate the order of
YIFIAYyAGdzZRS 2F GKS O2yiNROdziA2Y 2F AN RSLRaAGAZ2Y
Rock Creek and Potomac River tributaries.

There are no wastewater treatment plants (WWTPsrig of the Rock Creek and Potomac River
tributaries, but PineyBranchdoes have CSO outfalls wastewater could be a source of pesticides in
PineyBranch EIP Associates (1997) performed a study to determine the source of organochlorine
pesticides in dfuent from the Palo Alto Regional Quality Control Plant. According to their semi
guantitative estimate, based on pesticide concentrations in foods, human waste and food waste could
be large contributosto effluent loads of DDT, dieldrin, and heptachdmoxide. On the other hand, the
Great Lakes Environmental Center (GLECBj2@hducted a study for the New Yeaxlew Jersey Harbor
Estuary Program. GLEC monitored WWTPs, CSOs, and storm water outfalls (SWOSs). They found total
organochlorine pesticide ceentrations similar in CSOs and SWOs,@80 concentratiorthree to

four times smaller than the total concentrations found in WWTP effluent.
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Watershed
The U. SGeological Survey (USGS) have performed monitoring of organochlorine pesticides in the water
column, instream bed sediment, and ground water in the Rock Creek watershed.

Organochlorine pesticides have been detected in bed sediment in the Rock Creek e@téxsterson

et al. (2002) monitored pesticides and other organic contaminants in the Rock Creek watershed 1999
2000. Bed sediment samples were collected at three sites in February 1999. One of the bed sediment
samples was from Portal Branch, and the attveo samples were from the mainstem of Rock Creek.

The bed sediment samples were analyzed for all four argalorine pesticides. All were detected in

the sample from Portal Branch except heptachlor epoxide, while all were detected without exception in
the bed sediment samples from mainstem Rock Creek.

Andersoret al. (2002) also collected water column samples at five stations, including one in Pinehurst
Branch during a synoptic survey in the Rock Creek watershed in June 1999. Sixteen water column
samples were also collected in the mainstem of Rock Creek at Joyce RoaeRA@®2Dieldrin was
detected in Pinehurst Branch but not in any other synoptic sampling site or in any sample from Joyce
Road. No water column samples were analyzed for DDT, chloroiaheptachlor epoxide.

Despite their limited solubility in water, organochlorine pesticides have been detected in shallow ground
water in DC. Korterbat al. (2010) analyzed pesticide concentrations in samples collected from 14 wells
in DC in 2005 and3lwells in 2008. None of the wells were deeper than 100 feet. Three of the wells
sampled in 2008 were in the Rock Creek watershed and one well was in the Potomac drainage in
Northwest DC. The rest of the wells were in the Anacostia River watershddrirDieas detected in

two wells in 2005 and three wells in 2008; one of those wells was in the Rock Creek watershed.
Heptachlor epoxide also was detected in two wells in 2005 and three wells in 2008; the only Rock Creek
well where it was detected was tteame well in which dieldrin was detected. Degradation products of
DDT were detected in one well in 2005 and in three wells in 2008. None of the wells were in the Rock
Creek watershed. Chlordane was detected once in 2005 but not detected in 2008.

1.4 Applicable Water Quality Stan@rds

DC has water quality criteria for dieldrin, chlordane, DDT, and heptachlor epoxide to support both the
Aquatic Life Use (Class C) &hdnan Health UseConsumptiorof Fish and ShellfisliClass D). All of the
small tributaies are Class C and Class D waters. Tabpgesentsthe current (205) water quality
standard. There are two criteria to support the Aquatic Life Use: the Criteria Maximum Concentration
(CMC) and the Criteria Continuous Concentration (G&)h potect for acute and chronic exposure,
respectively The CMC applies to a agheur average concentration and the CCC applies to adayr
average concentration. The criteriéor the Fish Consumption Usgplies to a 3@lay average
concentration. It is stablished to protect human healtkt represents the maximum 3@ay average

water column concentration of a pollutant that would result in a fish tissue pollutant concentration

10
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more than one in one million. It is based on average body weight, fish consumption rates, and
bioaccumulation rates of the pollutant in the food ch@iEPA, 2014 a, b, c and d)

Table 1.32016 Numerical Water Quality Critea for Pesticides (pg/l)

Class D: Fisand
Shellfish
Class C: Aquatic Life Use Consumption Use
CCcC CMC Human Health
Constituent CAS Number (four-day average) | (one-hour average) | (30-day average)
Chlordane 57749 0.0043 2.4 0.00081
DDT 50293 0.001 1.1 0.00022
Dieldrin 60571 0.056 0.24 0.000054
Heptachlor Epoxide 1024573 0.0038 0.52 0.000039

Table 1.4hows the criteria that were in effect when the original TMDLs were develofatte the
original TMDLs were establishetdget30day human health criteria changed for all four pesticides; it
became less stringemnly in the case of chlordane. The CCC for chlordandatsme less stringent
The CCC for dieldrin increadeecame less stringettut the CMecame more stringa. All of the
other criteria remained the same.

DOEE will be undergoing it triennial review of its water quality standards in 2016 and may be
considering revising its 3fay human health criteria during that revielWable 1.5 shows the proposed
30-day hunan health criteria thaDC is considering andll take effectif DCadopts them duringts
triennial review of water quality standardsd EPA approves them. In the event that B@dopts new
water quality standardsTMDL allocations &re calculatedfor both the current human health criteria
and the proposed criteria.

Table 1.4: 200MNumerical Water Quality Criteria for Pesticides (ug/l)

Class D: Fisand
Shellfish
Class C: Aquatic Life Use Consumption Use
CCC CMC Human Health
Constituent CAS Number (four-dayaverage) | (one-hour average) | (30-day average)
Chlordane 57749 0.004 2.4 0.00059
DDT 50293 0.001 1.1 0.00059
Dieldrin 60571 0.0019 2.5 0.00014
Heptachlor Epoxide 1024573 0.0038 0.52 0.00011
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Table 1.5 Current andRecommendedHuman Health Criteria (ug/l)

Class D: Fish Consumption Uq Percent Chang
Human Health (3@ay average)
Constituent CAS Number | Current Recommended
Chlordane 57749 0.00081 0.00032 -60%
DDT 50293 0.00022 0.000030 -86%
Dieldrin 60571 0.000054 0.0000012 -98%
Heptachlor Epoxidd 1024573 0.000039 0.000032 -18%

2 Small Tributary Pesticide Model (STPM)

This section describes the elements of the Small Tributary Pesticide Model (STPM), which will be used to
develop the revised pesticide TMDLs for the siiialk 6 dzii F NAS& Ay 5/ Q& LRNIA2Yy 2
Potomac River watersheds. STPM is similar in structure to theMQ®8fthe model elements have

been updated using the best information currently available. In particular, STPM incorporates the

followingnew information:

f ¢KS aAyYydZ FdA2y 2F RIFIAf& Fft2ga Aa o6lFaSR 2y | NB
o0/ . waeérshed Model, which allows the simulation period to be updated to 2Z0WI2;

9 Land use classes and acreage in DC have been taken franCt@@nsolidated TMDL
Implementation Plan for its MS4; and

1 Model input concentrations associated with land uses and flow paths have been estimated
based on DC MS4 monitoring data and instream monitoring data.

Section 2.1 presents an outline of the modelsture. Section 2.2 discusses watershed delineation;

land use and land cover; and acreadgsction 2.3 describes the flow component of STPM, including

how the CSOs in Piney Branch were simulated. Section 2.4 describes the determination of model input
concentrations from the analysis of monitoring data.

2.1 Model Outline

The model used to develop the revised TMDLs is a version of a loading functieh(McElroy et al.,
1976) which can be describeass follows: A watershed is divided into land usé3dly simulated runoff,
interflow, and baseflow are determined for each land use on a per acre; Hagily storm flow (runoff
and interflow), and total flow at the outlet of the watershade thencalculated from the daily per acre
simulated flow for eaclhand use and the land use acreagnally, thedaily load of a constituent at the
watershed outlet ighen calculated by associating a concentration with each land use and flow path.
This approach differfrom more complex loading function models, swashthe Generalized Watershed
Loading Functions (GWLF) (Haith and Shoemaker, 1987) because sediment and the transport of a

12



constituent attached to sediment are not explicitly simulated; the constituent concentration associated
with each flow path includesdth the dissolved and sokphase of the constituent.

To expresshe modeling approacmore precisely, let (pe the daily flow (cfs) from the watershed on
day i. Qis calculated as follows:

0 mrtc¢ Y O6f 20

where

S, = storm flow (in/day) from land ugeon dayi
B, = baseflow (in/day) from land ugen dayi
A = area (acres) of land uge

0.042= conversion factoracin/d to cfs)

NLU = number of land uses

Runoff and interflow are components of storm flow:

where
R; = runoff(in/day) from land usg¢on dayi

lij = interflow (in/day) from land usg¢on dayi

The da¥y load of a constituent on day i,(lbs/d), is given by

0 mM™inmeg¢x 0,27Y O0Rz20R 20

where

Gsj= surface concentration of constitueftg/l) for land use j

13



Gs,j= baseflow concentrationf constituent(ug/l) for land use |

0.000227= conversion factofrom pg/I*in/d*ac to Ibs/d

The daily constituent concentration, i€ determinedrom the daily load and flow:
. 0
0O pUBDTE =
0
where

185.40= conversion factairom lbs/cfs/d to ug/l

If there are discharges from@SS%as in Pineranch), the contribution of the SOsnust be included in
the calculation of daily flow and dailydd. Let CS®e the CSO flow rate (acie/d) and Gsobe the
constituent concentration (pg/l) associated with the CSOs. Then

0 m8rTE oY ;i O 20

and

0 mimmagz¢§ 206 YO 0r2"Y OpRpz206pR 20

The Small Tributary Model used to develop the original TMDLSs has the same structure, but all of the
model inputs have been updated. The model requires three types of inputs:

1. Land use acreage
2. Simulated daily storm and baseflow by lamgk on a per acre basisnd

3. Constituent concentrations in storm flow and base flow by land use

The land use, flows, and constituent concentrations used in the revised TMDLs will be discussed in more
detail in the following sections.

2.2 Watershed Delin eation and Land Use Acreage

14



Taken as a whole, the tributary watersheds span three jurisdictiongvio@gomery County, MPand

t NAYOS DS2NHSQ&a [/ 2dzyieé X -dekldped laha usd ifdrndafion BadzhsRddoR A O G A 2
determine land use acreage. The delineation of the tributary watersheds and the calculation of land use
acreage for each jurisdiction are discussethe following sections.

2.2.1 DC Watershed Delineation and Land Use Acreage

Under its MS4 permit, DOEE was required to develop a Consalid®L Implementation Plan (Limno
Tech 2015). The Consolidated Plan describes the strategy for implementing@oltontrol measures

to meet the almost 400 WLAs for MS4 areas under 26 different TMDLs. As part of the Cortsolidate
Plan, the watersheds for the DC portion of all of the Rock Creek and Potomac tributaries were
NERStfAYSI GSR® ¢KS atatdBdrnisewieSs)st® Reredabso rédelifeiteds taking into
account the most ufio-date information on storm sewer lines and inlets. Watershed area was divided
into four categories by regulatory status: (1) MS4aareontributing to open channels;)(@irect

drainage to open channels; (3) CSS areas; and (4) MS4 areas that drain directly to Rock Creek, the
Anacostia River, or the Potomac River. Areas in the fourth category represents closed channels with
respect to the small tributaries and are not inchatlin the small tributary watersheds.

As part of the Consolidated Plan, an Implementation Plan (IP) Modeling Tool was developed to simulate
baseline conditions and management scenarios for pollution control measures in a consistent manner.
The IP Modeling ool is based on a modified version of the Simple Method (Schdé&lgr). Land cover

was determined for each regulatory category for each TMDL watershed. Three basic land cover types
were used: impervious surface, forest, and turf (including yardsisfigrassed areas, and rigiabway).

Forest and turf were further divided by soil hydrological group.

Land use for the revised pesticid®DLs was taken directly from the Consolidated Plan. Land uses were
defined by regulatory category and land cov@OEE provided acreage by land use and land cover for
each of the tributaries Only two regulatory categories were used: MS4 and direct drainagefl@®&0

are input as a flow rate and the area in CSS is not needed to calculate flow or loads. Hysodlogic

group is not used in the revised toxic TMDLSs, so only the total area in forest or turf is used in the revised
TMDLs. Since DOEE provided the acreage for tributary watersheds directly, the revised delineations
were used primarily for documentation amd help delineate the Maryland portions of the tributary
watersheds.

2.2.2 MD Watershed Delineation and Land Use Acreage

The MD portions of the small tributary watersheds was delineated from the catchment boundaries in
National Hydrography Dataset (NHD)$version 2.Small adjustments were made in the catchment
boundaries to match the delineation of the DC portions of the watersheds.

¢KS alNBflFYR 5SLINIGYSYG 2F (GKS 9Yy@PGANRBYYSYy(dl 060a590
a5t Qao Hnwmn dimpsfibusdmvE daalfoli Monttoyhery Couhty NA y OS DS2NHAS Q&
County Department of Environmental Protecti®GDEPprovided MDP 2010 land use data and

3 Martin Hurd (DOEE). 2015. Personal communication.
4 Jeff White (MDE). 2015. Personal communication.
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calculated directly from the land use data, and impervious acreage was calculated from the impervious
cover data. Pervious developed (turf) acreage was calculated as the difference between total watershed
acreage and forest, water, and impervious acreagds same method was used to calculabeft

acreage in th®C Consolidated Plan (Limno Tech, 2015).

2.3 Daily Runoff, Interflow, and Baseflow by Land Cover

5FAfe Fft2oa o0& flyR O20SN) GeL)S 6SNB (I1Sy r@NRBY (K
is a sequence of versions or phases of the Watershed Model. The phase used for this project is 5.4,

Scenario NLDc8414Hyd (P54). This is an intermediate phase between Phase 5 and Phase 6, which is
currently under developmentThe Phas®54 uses P5ahd segments and land uses, but ukesirly

meteorological inputs from th&lorth American Land Data Assimilation Sys{BihDAS), with a

simulation period from 1982014. The Watershed Model runs on an hourly time step, with hourly
meteorological inputs, Wt flows, loads, and concentrations are reported on a daily badie Phase

P54 was chosen for use in this project so a more recent simulation period could be used for modeling

the tributaries. The period, 2001 through 22 was chosen for the model sifation period.

The Watershed Modas basicallyan adaptation othe Hydrological Simulation Program FORTRAN
(HSPF) modébr usein the Chesapeake Bay basin. Its primary purposes are: (1) to determine the
sources of nitrogen, phosphorus, and sediment to the Chesapeake Bay, (2) to calculate nutrient and
sediment loads to the Chesapeake Bay for use in the CBP water quadigf of wader quality in the

bay, and (3) to facilitate estimation of nutrient and sediment load allocations under the Chesapeake Bay
TMDL.Two types of processes are simulatehd simulations and river simulations. Land simulations
are performed by land use ary land segment on a per acre basis. Thirty land uses are represented.
Each land use is simulated on over 360 land segments, which generally follow county bourflaies.
segment is a section of the Chesapeake Bay watershed in which it is assuinegctinégand use type is
relatively homogeneous and can be simulated by one land simulation per iP5 land segments

are generallyat the county level.The output from land use simulations are input into a river network of
over 1,100 river reacheghis includegll rivers in the Chesapeake Bay watershed with greater than 100
cubic feet per second average annual flow, and some smaller rivers, mainly in the Coastal Plain, where
there are flow or monitoring data available to calibrate the modEBPA2010 documents in more

detailthe development of the Phase 5 Watershed Model.

Figure 2.Jprovides a simplified picture of the HSPF hydrological simulation for a lanBarse land
simulation represents all phases of the hydrological cycle, includirgpgaion, runoff, infiltration,
interflow, percolation and groundwater dischargBicknellet al. (2000) discusse¢ke HSPF in more
detail.

Washington DC is represented by a single land segment4n(R51001). Montgomery County
(A24031) and Prince @eNB S Q& / 2dzy(i&@ 6! Hnnood GSNBE | f a2 NBLINBAS

5 Catherine Escarpeta (PGDEP). 2015. Personal communication.
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(and the Phase 5 Watershed Model in general) uses an automated calibration procedur&dylaet
simulation parameterssuch as the infiltration rate or baseflow recession yatg comparing simulated
flow in river reaches to flows observed at U. S. Geological Survey (UBG). ¢gePA (2010) provides a
full description of the automated calibration procedure for hydrologye DC land segment was
calibrated primarily againghe USGS gmes on Rock Creek at Sherrill Drive (01648000) and the
Northwest Branch of the Anastia River (01650500). Tabld presents the key flow statistics for the
P54 simulation at those gaes.

Table 21: Calibration Statistics for P5.4 Wateretd Model, 20032012

Statistic Rock Creek NW Branch Anacostia River
Percent BiasTotal Flow +9% +10%

Percent BiasLess than 50 Percentile Flow Volume -1% 7%

Percent BiasGreater than 18 Percentile Flow Volume +13% +3%

Coefficient oDetermination (R 0.79 0.71

NashSutcliff Efficiency 0.76 0.70

1 Percent Bias: 100 * (simulatedbserved)/observed
2 NashSutcliff Efficiencyl ¢ variance (errors)/variance (observations)

Thereisgood agreement between observed and simulated daily flows, as shown by theS\adiff
efficiencie$. Simulated total flow volume, low flow (<B@ercentile) volumeand high flow ( >90
percentile) volume are within 10% dfd observed volumes except fhigh flows on Rock Creek, which
are 13% higher than observed volume.

For each jurisdiction, the daily time series of runoff, interflow, and baseflow (in/d) were extracted for
the following land uses from the model output:

1 Forest
1 Regulated impervious land
1 Regulated pervious land

Developedand was represented by thegulated impervious landndregulated pervious land
whereasforestwas used primarily to represent forested parkland.

6 The value of the NasButcliff efficiency rangesfrom (12 mM® ¢KS € NASNJ §KS @I fdzSz (K
between the model and the observed data. A value of 1 represents perfect agreement between the model and

the observed data; a value of 0 meahg tmodel simulates the observations no better than the average value of

the observations; and a value less than 0 means that the average value of the observations is a better predictor

than the model.
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2.3.1CSOs

DC Water provided simulated C8@vsfrom their MIKBJRBANNodel for the outfalls in the Piney

Branch watershetd Simulated CSflbwswere provided for both baseline conditions and the

AYLX SYSy Gl A2y -2 Cdntrol Plah (TR Blodgl Quipd was at 15 minute intervals.
Simulated CS@lumeswere only availabledr the years 1988990. Table 2.summarizes the

differences between baseline conditions and the LTCP. Under the LTCP, there is a dramatic ilecrease
CSO volume, and CSO events are predicted¢ar only about twice a yean Piney Branch

Tabk 22: Summary of Simulated C¥¥ents and Volumgl9981990

Statistic Baseline LongTerm Control Plan
Number of Events 84 6
Total Volume (MG) 841 18.8

The simulation period for the revised TMDLs is 22012. TheMIKE URBAModel output was

analyzed in an attempt to determine a relation between precipitation, on the one hand, and the
occurrence and magnitude of C8@ws, on the other that could be usé to estimate CS@ows during

the simulation period No such predictiveelation could be found. Table2shows the predicted CSO

flow from the MIKE URBARModel under the LTCP, aggregated from all Piney Branch outfalls, the
precipitation that occurred 2-hours before the CSO event at Reagan Airport, and the precipitation from
the NIDASbased precipitabn for the DC land segment ihd Watershed Model. There is little relation
between the total precipitation 24ours preceding the event and itsagnituce. All six events were
above 0.76 in., the 90percentile 24hour antecedent precipitation for Reagan Airport for the period
19881990 (including days when there was no rain), but so were over one hundred other storm events
during which no simulated CSIow occurred.

Table 23: Simulated CS®Glowsand 24hour Antecedent Precipitation, Long Term Control Plan

CSO Flow Reagan Airport NLDAS
Date (MGD) (in/d) (in/d)
11/16/1989 2.60 0.77 0.82
5/6/1989 15.69 2.28 2.23
7/4/1989 0.05 0.81 1.28
10/18/1990 0.30 0.95 1.3
7/13/1990 0.07 1.24 0.68
8/6/1990 0.11 1.72 1.92

In the light of the failure to find a predictive relation between precipitation and simulatedflG®€) it
was decided to keep the same rate and distribution of @8 as simulated by the MIKERBAN
model, but to assign CSdwsto the largest precipitation events by sizethié MIKEURBAN model

7John Cassidy (DC Water). 2005. Personal communication
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predicts six CSeventsin a threeyear period under the LTCP, then it was assumed that 24GS®s

would occur in the pgod 2001-2012:four of the same size as the largest event, four of the size of the

next largest, etc. In other words, a time series of daily CSO volumes under the LTCP was constructed as
follows:

1 For each houin the simulation period 2002012, calcuhte precipitation in previous 24 hours

For each day, find maximum 2¥ur precipitation and

1 Assign simulated LTCP flomsa daily basi® the 24 largest daily maximum 2¥bur
precipitation totals by size (largest flow to the 4 largest precipitatiomésjenext largest flow to
the next 4, etc.)

=

The same method was used for baseline conditidiKEURBANestimates that 84 CS€rentsoccur
over three years under baseline conditions, so it was assumed that four times that nuomB&8§ CSO
events woud occur over the twelwgear simulation period CSGeventswere assigned to the 336 days
with largest 24hour precipitation totals, according to the same distribution of volumes in the MIKE
URBANL988-1990 simulation of baseline conditions.

For allmodel scenarios except baseline conditions, the time series constructed from LTCP output was
used to represent CSidws.

2.4 Monitoring Data Analysis and Model Input Concentrations

The STPM needs to assign input concentrations for storm flow and baséfl each land use. These

input concentrations were taken from analysis of the available monitoring data. The/@ather
Y2YAU2NRY3I RFEGEF O2ftf SOGSR dzy RSNJ 5/ Qa a{n LISNX¥AO ¢
Base flow concentrations were deteined from instream baseflow monitoring data collected by Tetra

Tech on behalf of EPA. Results from these analyses are discussed below, following a discussion of the

methods used to estimate a model input concentration from pesticide monitoring data.

2.4.1 Data Analysis Method

Figure 2.5hows the concentration of dieldrin found in weeather samples collected from storm
water outfalls in NW DC, 2002008. Concentrations reported below the detection lifit)are shown
at theirDL Three characteris of the monitoring data for the pesticides ofenest are apparent from
Figure 2.2

1. A large majority, 94%, of the observations are beldhs;,
2. Dls changed over timdue to changes in analytical techniquesd
3. Some of theDLs used were larger than tHargest detected concentrations.
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Figure 2.2 Observed Dieldrin Concentrations in WYeather Monitoring Data from Storm System

Outfalls in NW DC

Helsel (2012) presents a variety of statistical methods that can be used to estimate a mean or median
value from monitoring data with censored values (values belowDhe Helsel recommends, however,

these methods only be used if less than 80% of the data is censored. This condition is generally not met
by any of the pesticides of interest in the availablenitoring data. The EPA Region Il guidance on
handling censored data in risk assessments (Smith, 1991), recommends assigning censored data the
value of haHof the DL, unless doing so would adversely impact the risk assessment. Smith notes that
assignig censored data the full value of tlH_produces an estimate of the mean value biased high.
Assigning censored data a value of zero, however, is only justified in cases where there is reason to
believe the constituent is not present. Since the pesticifdaterest have been detected in the small
tributaries, assigning censored data a value of zero is not justified.

Helsel (2012) asserts, however, that censored data wher®tlie larger than the largest detected
value contribute no information to an afysis:d! WKA3IK y2yRSGSO0Q @t fdsSs + C
whose reporting limit is higher than all uncensoretdues in the data set, has mdformation content.

Wl AIK y2yRSGSOGaQ OFy 0S deidB (pBRORThiFsNgyests tfell@ving I G & S
procedure to determine a mean value for heavily censored data:

1. Determine the largest uncensored observation

2. Remove from the data set ammgnsored observations whosa_is above the largest uncensored
observation
3. Assign the remaining censoredta values equal to half theL;, and
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4. Average over the modified data set.

This procedure was used to determine the mean concentrations from stormwater monitoring data for
use in STPMTo illustrate the procedure, Figure 2.3 shows which observations used and which
observations were excluded in the data set shown in Figure 2.2.
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FHgure 2.3 Observed Dieldrin Concentrations in WV eather Monitoring Data from Storm System

Outfalls in NW DCShowing Observations Excludérom Analysis

2.4.2 Analysis of Stormwater Monitoring Data

DCEE provided a database containing all wetather samples collected by the DC MS4 program 2001
2013. No additional wetveather samples have been analyzed for dieldrin, chlordane, heptachlor
epoxide, and DDT since 2013bs@rvations of dieldn, chlordane, heptachlor epoxide, and DDT were
divided into three groups geographically: (1) Piedmont Group, which includes all sampling locations in
Rock Creek and the sampling locations on the Potomac tributaries in the Piedmaidgriayhic

province; (2) Anacostia/Coastal Plain Group, including samples from Oxon Run and Anacostia River
drainage primarily in the Coastal Plain; and (3) Other, which includes waterbodies that do not fit in
either category, such as the Tidal Besnd he C & O Canal. Tabld 2hows the classification of the

MS4 monitoring locations.

8 Martin Hurd (DOEE). 2015. Personal communication.
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Using the method described Bection2.4.1, a mean concentration was estimated for each of the four
pesticides from the monitoring data in the Piedmont Group. A meanaranation for dieldrin was also
estimated from data in the Coastal Plain Group fee in the Oxon Run STPM. Tabks2immarizes the
analysis and shows thestimated mean concentrationsThese mean concentrations were used to
represent the concentrationf pesticides in storm water from all land uses in STPM, with the exception
of forest. Since forest represents minimally disturbed conditions, the concentration of a pesticide i
forest surface flow was set at theinimumof the mean storm flow concentrain and mean instream
concentration, discussed in the next section.

Estimated mean storm water concentrations were also used to represent concentrations flo®@SO
CSO concentrations were also taken from storm water concentrations in DCSTM (ICPRBT12803
approach can be justified by GLEC @0@ho found, as mentioned in Section 1.3.2, that total
organochlorine pesticide concentrations were similar in CSOs and SWOs.
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Table 24: Classification of MS4 Monitoring Stations by Group

Group Watershed Sation

Piedmont Potomac Battery KembleCreek
Piedmont Potomac Dalecarliarributary
Piedmont Potomac Foundry Branch
Piedmont Rock Creek Broad Branch
Piedmont Rock Creek Ft. Stevens Drive
Piedmont Rock Creek Glover Archbold
Piedmont Rock Creek HazenPark
Piedmont Rock Creek Klingle Vallexreek
Piedmont Rock Creek Military and Beach
Piedmont Rock Creek Normanstone Creek
Piedmont Rock Creek Oregon

Piedmont Rock Creek Portal and 16th St
Piedmont Rock Creek SoapstoneCreek
Coastal Plain | Anacostia Anacostia High School
Coastal Plain | Anacostia East Capitol

Coastal Plain | Anacostia Ft. Lincoln (inflow)
Coastal Plain | Anacostia Gallatin

Coastal Plain | Anacostia Hickey Run

Coastal Plain | Anacostia Nash Run

Coastal Plain | Anacostia O St. Pump Station
Coastal Plain | Anacostia Stickfoot

Coastal Plain | Anacostia Varnum

Coastal Plain | Potomac Oxon Run

Other Potomac C&O Canal

Other Potomac Tidal Basin

Other Potomac Washington Ship Channel

Table 25: Summary of Analysis of MS4 Monitoring Data

Number Number Censored Maximum Detected Average
Sample Censored Observations >Max. Concentration Concentration

Constituent Count Observations Detected (ua/l) (ua/l)
Chlordane 66 64 37 0.61 0.19
DDT 66 61 33 0.18 0.0098
Dieldrin
(Piedmont) 67 63 37 0.013 0.0012
Dieldrin
(Coastal Plain 55 53 31 0.002 0.00026
Heptachlor
Epoxide 66 65 37 0.004 0.00061
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2.4.3 Analysis of Instream Monitoring Data

As describd previously, Tetra Tech (2014) collected-drgather samples at 29 locations on October 29,

HAMO @ 9F OK 2F (KSa$S al YLy FBhiordane, Aepthcillor epdxid§ Bnd F 2 NJ RA S
DDT, in addition to other parameters. Observations for the fagticides of interest were classified

into two groups, as shown in Table2.Sampling locations in tidal waters were excluded from the

analysis. Three field duplicates were included in the Piedmont Groepmé&thod described in Section

2.4.1was appled to estimate mean concentrations for dieldrin, heptachlor epoxide, and DDT in the

Piedmont Group and for dieldrin in the Coastal Plain Group. A mean chlordane concentration was
SadAYIFIGSR Ay (KS t ASRYRRhorddhelR dzL) a GKS adzy 2F b

Table 27 summarizes the analyse$ the instream concentrationsThe mean instream concentrations
were used to represent baseflow concentrations from all land uses in STPM.

Table 26: Classification of Instream Monitoring Locations by Group

Piedmont CoastalPlain
Fenwick Branch Fort Stanton
Portal Branch Hickey Run
Broad Branch Nash Run
Soapstone Creek Popes Branch
Luzon Branch Watts Branch
PinehurstBranch Oxon Run
Piney Branch Texas Run

Klingle Vallexreek

Melvin HazerValley Branch
Dalecarlialributary
Normanstone Creek
Dumbarton Oaks

Table 27: Summary of Analysis of Instream Monitoring Data

Number of Maximum Detected Average

Censored Concentration Concentration
Constituent Sample Count| Observations (na/l) (na/l)
DDT 14 13 0.00081 0.00039
Dieldrin(Piedmont) 14 0 0.005 0.0025
Dieldrin(Coastal Plain) 7 5 0.0017 0.00066
Heptachlor Epoxide 14 1 0.0051 0.0020
h-Chlordane 14 10 0.0014 0.00067
1-chlordane 14 9 0.0037 0.00096
Chlordane 14 10 0.0051 0.0016

2.4.4 Uncertainty in Concentration Estimations

The number of censored observations introduces a large element of uncertainty into the estimate of
mean concentratioa for use in the model. TableBZontrast the mean concentrations calculated from
the MS4 monitoring datan Secton 2.4.3with the mean concentrations that would be calculated (1) if
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zero is usedh observations below th®Land (2) if the value of censored observations were set equal to
the DL Observations witLs larger than the largest observed value have again beennglieal from

the calculation. Table also shows the range of the mean values determined by the alternative
calculations, expressed as a percentage of the mean concentration calculated with censored
observations set at half thBL While none of the commntrations have an upper limit which is double of
the mean calculated with half thBL, the mean concentrabn of chlordane could be as little age-fifth

of that mean while the mean concentration of heptachlor epoxide might be less than a quarter of that
mean. Similar remarks apply to instream mean concentrations for DD@htordlane. As shown in

Table 29, the instream concentration of DDT ght be as low as 15% of the mean calculated with half
the DL In contrast, there are no censored observations of dieldrin and only one censored observation
of heptachlor epoxide from instream samples in the Piedmont, so the treatment of censored
observatons has little effect on the estimate of the average instream concentratighose

constituents, as shown by the narrow rangessfimated mean concentratiorin Table 2.

Table 28: Uncertainty Results for Average Concentration from DC MS4 MonitpBata

Average Concentratiqn (ugil} Percent Different from Average with Half MD
Censored Observations =

Constituent % DL 0 DL Minimum Maximum
Chlordane 0.19 0.036 0.36 19% 186%
DDT 0.0098| 0.0065| 0.013 67% 133%
Dieldrin (Piedmont) 0.0012| 0.00077| 0.0016 65% 135%
Dieldrin (Coastal Plairl 0.00026| 0.00017| 0.00035 65% 135%
HeptachlorEpoxide 0.0006| 0.0001| 0.0011 23% 177%

Table 29: Uncertainty Results for Average Concentration from Instream Monitoring Data

Average Concentratiqn (ugil) Percent Different from Average with Half MD
Censored Observations =
Constituent DL 0 DL Minimum Maximum
Chlordane 0.0016 | 0.00100 | 0.00225 62% 138%
DDT 0.00039| 0.000058| 0.00071 15% 185%
Dieldrin (Piedmont) 0.0025 | 0.0025 | 0.0025 100% 100%
Dieldrin (CoastdPlain) | 0.00066| 0.00039 | 0.00089 58% 135%
HeptachlorEpoxide 0.00201| 0.00198 | 0.00204 98% 102%

Overall, these analyses demonstrate that there is uncertainty in the concentration data, however that
uncertainty is being lessened using the conservaasgimptions of the chosen approach.

26



3 Application of STPM to Revise Pesticide TMDLSs in Rock Creek and
Potomac River Watersheds

This section discusses the application of STPM to revise the pesticide TMDLs for the small tributaries in

the Rock Creek and Potomac River watersheds. Section 3.1 discusses scoping scenarios used to
RSGSNX¥AYS (KS fS@Sta 27T shjpdidife and Buyhan hgafh@@etiaifor NE G2 Y
dieldrin, heptachlor epoxide, chlordane, and DISEction 3.2 discusses the TMREr#ario required to

meet current criteria. It includes a discussion of seasonality, critical conditions, and the conservative
assumptions incorporated into the TMDL. Section 3.3 discusses the TMDL scenario required to meet

the revised human health criteria for these pesticides. Generally, in this section, only the percent

reduction required to meet water quality standards is ogfed. Baseline loaxland load allocation®f

individual tributaries are presented in Section 4.

In these scenarios, sources that discharge at storm sewer outlets are distinguished from diffuse sources.

¢ KS F2NNSNI I NB -oNBATLISENEGFINIDISE Faa o KBSy R (G KS € GGSNI | NB
a2dzNDS&¢ obshowstide claskificdtiéh ofesources. The classification of sources is supposed to
capture the degree to which source loads are controllable. EOP sources are more contrbdaliPiS

EOP sources include all surface discharges within the DC MS4 boundaries as well as surface discharges
from developed land in Maryland. All other sources are considered NPS, includirfiphedischarges

from the DC MS4 and surface dischargemfdeveloped land outside of the DC MS4 boundaries. The

EOP/NPS distinctiotherefore,does not fully match how input concentrations were assigned in STPM.

Table 31: Classification of Sources in Scenarios

Land Cover Flow Type MS4 Direct Drainage Maryland
Impervious Storm EOP NPS EOP
Turf Storm EOP NPS EOP
Base NPS NPS NPS
Forest Storm EOP NPS NPS
Base NPS NPS NPS

Under baeline or current conditions, QB&for dieldrin, heptachlor epoxideshlordane and DDare
always metreflectingthe fact thatthat data indicates thaho observed concentrati@of these
pesticides hae exceeded the MICs. The Class D human health criteria, on the other hand, are never
met under baseline conditions. C€ are always met for dieldrin and heptacldpoxide, and never met
for chlordane and DDFor these four pesticidegreater reductios are requiredto meetthe Class D
criteria than the CCs. As described in the following sections, the TMDL for each pesticide was
developed to meet the Class D humiaealth criteria which provide loads that will be also ensure that
their CMCs and CCCs will be achieved.
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3.1 Scoping Scenarios

Three scoping scenarios were run with the STPM: (1) equal reduction to all sources; (2) 100% reduction
in EOP loads; and (3)@% reduction in NPS loads. Since the minimum reduction in NPSdoau

when the maximum reduction from EOP loads is taken, the second scenario also represents the
minimum reduction in NPS loads. Similaal{00% reduction in NPS loads remets the minimum

reduction in ©Ploads.

Table 32 shows the percent reduction required to meet water quality standards whenaB@RIPS

loads are reducedqually. The stormflow and baseflow concentrations used in the Oxon Run dieldrin
model are different than theoncentrations used in the other tributaries, so the required reductions for
dieldrin are different for Oxon Run; otherwisey fa given pesticide, required reductions aadrly

uniform across tributaris The minimum reductioffor dieldrinisin OxonRun (91.9%), followed by the
reduction for DDT in Fenwick Branch (96.7%). The mdju@ductionfor dieldrin in the other tributaries

is 97.9% and the reductions for heptachlor epoxide are 98.1%. The largest reductions are for chlordane,
ranging from 991% to 99.4%.

Table 32: Percent Reductions Requoléo Meet Human Health CriterigEqual Reduction Scenario

Dieldrin Heptachlor Epoxide] Chlordane DDT

Mainstem | Tributary EOP | NPS EOP NPS EOP | NPS | EOP | NPS
Rock Creek Broad Branch 97.9%| 97.9%| 98.1% 98.1% | 99.3%| 99.3%

Dumbarton Oaks 97.9%| 97.9%| 98.1% 98.1% | 99.2%| 99.2%

Fenwick Branch 97.9%| 97.9%| 98.1% 98.1% 96.7%| 96.7%

Klingle Valley Creek 97.9%| 97.9%| 98.1% 98.1%

Luzon Branch 97.9%| 97.9%| 98.1% 98.1% | 99.4%| 99.4%

Melvin Hazen ValleBranch| 97.9%| 97.9%

Normanstone Creek 97.9%| 97.9%| 98.1% 98.1%

Pinehurst Branch 97.9%| 97.9%| 98.1% 98.1%

Piney Branch 97.9%| 97.9%| 98.1% 98.1% | 99.1%| 99.1%

Portal Branch 97.9%| 97.9%| 98.1% 98.1%

Soapstone Creek 97.9%| 97.9%| 98.1% 98.1% | 99.4%| 99.4%
Potomac | Dalecarlia Tributary 97.9%| 97.9%| 98.1% 98.1%

Oxon Run 91.9%| 91.9%

Table 33 shows the minimum reductions required on NPS loads to meet water quality standards. For
dieldrin and heptachlor epoxide, the minimumeduction on NPS is the same as the equal percent
reduction. This shows that the equal percent reduction is determined by reductions on NPS loads. This
occurs in the case of dieldrin and heptachlor epoxide because base flow concentrations are larger than
storm flow concentrations, and during dwyeather flows reductions in storm concentration loads

provide no benefit, so the reduction required on NPS loads determines the level of reduction necessary
to meet water quality standards. For chlordane and DDfemquality standardsieed to be met during
dry-weather flows, but the minimum reduction required on NPS istiess the Equal Reduction

Scenario For chlordane and DDT, storm flow concentrations are larger than basedloentrations,

and under the Egal ReductionScenario the level of reduction is determined by the need to reduce peak
storm flow loads to meet the 3@ay average criteria.
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Table 34 shows the minimum reductions required on EOP loads to meet water quality standards. The
situation is he reverse of the previous scenario. For chlordane and DDT, the required reductions under
this scenario are close to the reductions required when an equal percent reduction is applied to all
sources, because chlordane and DDT concentrations are higarim water than in base flow. On the
other hand, the reductions for dieldrin and heptachlor epoxide are less than the reduction required if
equal reductions are taken from all sources. The reductions required under dry weatheh#loevto

be more strirgent because the concentrations are larger in base flow than in storm flow.

Table 3.3: Percent Reductions Required to Meet Human Health Caitéfinimum NPS Reduction
Scenario

Dieldrin Heptachlor Epoxide| Chlordane DDT

Mainstem | Tributary EOP | NPS EOP NPS EOP | NPS EOP NPS
Rock Creek Broad Branch 100%| 97.9%| 100% 98.1% 100%| 90.1%

Dumbarton Oaks 100% | 97.9%| 100% 98.1% 100% | 99.0%

Fenwick Branch 100% | 97.9%| 100% 98.1% 100.0%| 66.0%

Klingle Valley Creek 100% | 97.9%| 100% 98.1%

Luzon Branch 100%| 97.9%| 100% 98.1% 100% | 87.0%

Melvin Hazen Valley Brand 100% | 97.9% | 100% 98.1%

Normanstone Creek 100% | 97.9%

Pinehurst Branch 100% | 97.9%| 100% 98.1%

Piney Branch 100%| 97.9%| 100% 98.1% 100% | 94.3%

Portal Branch 100% | 97.9%| 100% 99.0%

Soapstone Creek 100%| 97.9%| 100% 98.1% 100% | 94.0%
Potomac | Dalecarlia Tributary 100% | 97.9%| 100% 98.1%

Oxon Run 100% | 91.9%

Table 3.4: Percent Reductions Required to Meet FamHealth Criterd, Minimum EOFReduction
Scenario

Dieldrin Heptachlor Epoxide| Chlordane DDT

Mainstem | Tributary EOP | NPS EOP NPS EOP | NPS | EOP NPS
Rock Creek Broad Branch 92.0%| 100% | 88.5% 100% 99.3%| 100%

Dumbarton Oaks 54.0%| 100% | 35.0% 100% 95.6% | 100%

Fenwick Branch 93.0%| 100% | 90.1% 100% 96.5% | 100.0%

Klingle Valley Creek 91.5%| 100% | 88.0% 100%

Luzon Branch 93.2%| 100% | 90.4% 100% 99.4%| 100%

Melvin Hazen Valley Brang 90.4% | 100%

Normanstone Creek 91.8%| 100% | 88.3% 100%

Pinehurst Branch 91.2%| 100%| 87.5% 100%

Piney Branch 89.0%| 100% | 84.4% 100% 99.0%| 100%

Portal Branch 93.6%| 100% | 90.8% 100%

Soapstone Creek 92.2%| 100% | 88.9% 100% 99.3%| 100%
Potomac | Dalecarlia Tributary 92.8%| 100% | 89.7% 100%

Oxon Run 63.0%| 100%

To put it another way, water quality standards have to be met under extended periods of dry weather.
This requires NPS load reductions approximately equal to the reductions required to reduce base flow
concentrations to the Class D criterf@he relations only approximate because NPS loads include storm
flows outside of the MS4 aréaln the case of dieldrin and heptachlor epoxititee Equal Reduction
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Scenariowill therefore require average storm flow concentrations to be less than the Class D criteria,
because the baseline concentrations in storm flow is less than the concentrations in base flow for those
constituents. Consequently, for dieldrin aimelptachlor epoxide, under the Equal Reductiaer&rio,

water quality standards are met under all floii¢he standards are met during deyeather periods.

For chlordane and DD®n the other handmeeting water quality standards during dweather flows is

not sufficient to guarantee that standards are met under all conditions, because concentratsinsnm

flow are higler than in baseflow. Under the Equal Reducticertrio, in effegtbaseflow

concentrations are reduced to provide enough dilution to meet water quality standards during periods
of frequent wetweather flow. In other words, base flowmgentrations are below the Class D criteria,
while EOP sources discharge above the Class D criteria.

3.2 TMDL Scenario under Current Water Quality Standards

The Equal Reduction Scenamiay appear to be the most equitable allocation of loads under a TMDL
because it seems to imply an equal level of effort. As was shown in the preceding section, however, if
either EOP or NPS sources discharge above the Class D criteria, the other source must discharge below it
and provide the dilution capacity to meet vea quality standards. Another complicating factor is the
uncertainty associated with the input concentrations used in STPM. That uncertainty is due to the fact

that the majority of observations of these four pesticides made in the Rock Creek and P&oreac
watersheds are below the detection limit. Since baseline concentrations and load are uncertain, an

equal percent reduction from sources may not be equitable.

An equiable allocation, which is nofffected by the uncertainty in baseline loads,dsrequire all

sources to discharge at the most stringent current water quality criteria, the Class D human health
criteria. This allocation was chosen as the TMDL Scenario. Table 3.5 shows the reductions necessary
under the TMDL Scenario.

Table 3.5: Brcent Reductions Required to Meet Current Class D Human Health Criteria, TMDL
Scenario

Dieldrin Heptachlor Epoxide| Chlordane DDT

Mainstem | Tributary EOP | NPS EOP NPS EOP | NPS| EOP | NPS
Rock Creek Broad Branch 95.5%| 97.8%| 93.6% 98.1% 99.6%| 49%

Dumbarton Oaks 95.5%| 97.8%| 93.6% 98.1% 99.6%| 49%

Fenwick Branch 95.5%| 97.8%| 93.6% 98.1% 97.8%| 43.6%

Klingle Valley Creek 95.5%| 97.8%| 93.6% 98.1%

Luzon Branch 95.5%| 97.8%| 93.6% 98.1% 99.6%| 49%

Melvin Hazen Valley Brand 95.5%| 97.8%

Normanstone Creek 95.5%| 97.8% | 93.6% 98.1%

Pinehurst Branch 95.5%| 97.8%| 93.6% 98.1%

Piney Branch 95.5%| 97.8%| 93.6% 98.1% 99.6%| 49%

Portal Branch 95.5%| 97.8%| 93.6% 98.1%

Soapstone Creek 95.5%| 97.8% | 93.6% 98.1% 99.6% | 49%
Potomac | Dalecarlia Tributary 95.5%| 97.8%| 93.6% 98.1%

Oxon Run 79.2%| 91.8%
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The required reductions are generally greater than 90%, except for NPS reductions for chlordane and
DDT, and EOP reductions for dieldrin for Oxon Run. Required NPS reductions for chlordane and DDT are
less than 50%. The dramatic drop in the required réidns is due to the fact that direct drainage

surface water, which isnNP3oad, is discharging at the Class D criteria. Except for the NPS reductions

for chlordane and DDT, in termsrefduction from baseline loadthe TMDL Scenaris not dramatically

different thanEqual Reduction Scenario.

For each pesticide, under the TMDL Scenario, each source discharges at the Class D human health
criterion. Consequently, the concentration of the pesticide in a tributary is a constant value equal to the
human he#h criterion. Moreover, the daily average, foday average, and 3@ay average

concentrations are also constant values equal to the human health criterion. Since, for each pesticide,
the 30day average human health criterion is less thaste averagelronic aquatic life use criterion or

the onehour average acute aquatic life criterion, those criteria will also be met under the TMDL
Scenario. Figure 3.1 shows these relationships for dieldrin. The relationships hold for each tributary
modeled, and theefore Figure 3L could represent any tributary. A single constant time series at the
30-day human health criterion simultaneously represents (1) the criterion; (2) the hourly or
instantaneous dieldrin concentration; (3) the feday average concentratiomnd (4) the 3@ay

average concentration. By design, under the TMDL Scenario, tlay3Buman health criterion is met.
Figure 3.1 also demonstrates that the TMDL Scenario meets the acute and chronic aquatic life use
criteria. Figures 3.2, 3.3, and ZHow the same relationships for heptachlor epoxide, chlordane, and
DDT, respectively.

The remainder of this section discusses how the TMDL Scenario meets the requirements of TMDLs.
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Figure 3.1: Simulated Dieldrin Concentration (ug/l), TMDL Scenario,Riettrin Human Health Criterion,
Chronic Aquatic Life Criterion, and Acute Aquatic Life Criterion

1.00E+00

1.00E-01

1.00E-02

1.00E-03

Heptachlor Epoxide (ug/l) log scale

1.00E-04

1.00E-05
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

== TMDL Scenario Concentration= = Human Health Criterion = == Chroinc Aquatic Life Criterion= = Acute Aquatic Life Criterion

Figure 3.2: Simulated Heptachlor Epoxide Concentration (ug/l), TMDL Scenario, and Heptachlor Epoxide Human
Health Criterion, Chronic Aquatic Life Criteripand Acute Aguatic Life Criterion
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Figure 3.3: Simulated Chlordane Concentration (ug/l), TMDL Scenario, and Chlordane Human Health Criterion,
Chronic Aquatic Life Criterion, and Acute Aquatic Life Criterion
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Figure 3.4: Simulated DDJoncentration (ugl), TMDL Scenario, andDTHuman Health Criterion, Chronic
Aquatic Life Criterion, ad Acute Aguatic Life Criterion
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3.2.1 Critical Conditions

9t ! Q&4 NB3Idz I GA2y& NBIdzZANB ¢as5[a&a G2 GF1S Ayid2 | 002
water qualty parameters40 CFR 130.7 (c) Y1Jhe intent of this requirement is to ensure that the

water quality of the waterbody is protected during times when it is most vulneradtediscussed

above, the Class D criteria for dieldrin and heptachlor epoxiderarst likely to be exceeded during dry

weather periods, while the Class D criteria for chlordane and DDT are most likely to be exceeded during
periods with frequent storm flow inputs. The STPM simulates a variety of hydrological conditions over a
12-yearsimulation period, including periods of dry weather (2P&nd periods of frequent storm flow

events (2003). Loading rates under these conditions are determined directly from the Class D criteria, so
critical conditions are taken into account.

3.2.2 Seasonality

EPA regulations also require TMDLSs to tiake accountseasonal environmental variations. Seasonal
variation has been incorporated into STP&s discussed in Section 233[PM uses daily output from
HSPF, a continuous simutatimodel on an burly time-stepto simulate flows over a tear simulation
period, so the model takes into account hourly variation in precipitation, temperature, and potential
evapotranspiration. Model parameters representing crop cover and surface roughness also vary
monthly (EPA, 2010).

3.2.3 Conservative Assumptions

TMDLS require a margin of safety (MOS) to account for uncertainty in the relation between loading rates
and water quality. The MOS can be explicit or implicit. If it is implicit, it must be judiifistowing that
conservative assumptions were incorporated into the development of TMDLSs.

The use of STPM to revise the pesticide TMDLs for the Rock Creek and Potomac River watersheds
incorporatesthe followingconservatie assumptions. Firsh 12year sinulation period, 2002012, was

used in STPM. This simulation period includes a variety of hydrological conditions, including a very wet
year (2003) and a very dry year (200As measured by annual precipitation at Ronald Reagan
WashingtorNational Airpet, 2003 was the wettest year in the last 50 years while 2001 was the fourth
driest year in the last 50 years and the sedalriest in the last 35 yeats The longer simulation period
ensures that the TMDLs covered a variety of hydrological conditionsréiwdl conditions, including
seasonal variations Second, although there is considerable uncertainty in baseline load estimates, the
uncertainty in baseline concentrations and loads ha impact on the relation between the loads under
the TMDL Scendar and water quality standards. The loads under the TMDL scenario were not
determined from baseline loads, but directly from the most stringent applicable water quality criteria.
Third, it is assumed that all categories of sources discharge at the miogiestr applicable water

quality criteria, and that no category of sources relies on dilution from another category of sources, in
order that water quality standards be met. Therefore, the use of an implicit MOS is justified on the basis
of the methodologysed to develop the revised pesticide TMDLSs.

9 National Oceanic and Atmospheric Administration (NOAA), National Centers for Environmental Information
(NCEDhttp://www.ncdc.noaa.gov/
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3.2.4 Allocations

Each pesticide TMDL for each tributary is divided into a wasteload allocation (WLA) and a load allocation
o[l v CKS &a2dz2NOSa& AyOf dzZRSR Ay (i KS&nd@)CSSihmdy 6 mU
Branch. The sourcesincltedy GKS [! | NB om0 y2yLRAYyld &2d2NDSA
(2) upstream loads from Maryland.

TMDLs and their allocations were expressed as (1) average annual loads, (2) average daily 162)ds, and
maximum daily loads. The average annual load allocated for each source is the average load attributed
to the source under the TMDL over the-f@ar(20012012)simulation period. The allocation for a

source is expressed as average daily load bglidiyithe average annual load allocation by 365. The
maximum daily load for each allocation source category is the maximum daily load for that andrce
pesticidein the 12year simulation periodhat can be discharged and still achieve the applicableewat
quality standard For each method of expressing the TMDL, the MOS is implicit and the TMDL is the sum
of the allocations of the sources.

3.3 Future TMDL Scenario under Proposed Revisions to the Class D Criteria

As discussed in Section lrdyisions tathe Class D criteria to protect human health under the Fish
Consumption Use anender consideratiorin 2016 Table 1.5hows the proposed revisions. Thdul¥e
TMDL Scenario would require all sources to discharge at the revised the ClassubHealth criteria.
Table 3.6 shows the reductions required to mpedposed revisions

Table 3.6: Percent Reductions Required to Meet Proposed Class D Human HealthaCFtgtire
TMDL Sceméo

Dieldrin Heptachlor Epoxide| Chlordare DDT

Mainstem | Tributary EOP NPS EOP NPS EOP | NPS| EOP | NPS
Rock Creek Broad Branch 99.9%| 99.95%| 94.8% 98.4% | 99.8%| 80%

Dumbarton Oaks 99.9%| 99.95%| 94.8% 98.4% | 99.8%| 80%

Fenwick Branch 99.9%| 99.95%| 94.8% 98.4% 99.7%| 92.3%

Klingle Valley Creek 99.9%| 99.95%| 94.8% 98.4%

Luzon Branch 99.9%| 99.95%]| 94.8% 98.4% | 99.8%| 80%

Melvin Hazen Valley Brang 99.9%| 99.95%

Normanstone Creek 99.9%| 99.95%| 94.8% 98.4%

Pinehurst Branch 99.9% | 99.95%| 94.8% 98.4%

Piney Branch 99.9% | 99.95%| 94.8% 98.4% | 99.8%| 80%

Portal Branch 99.9%| 99.95%| 94.8% 98.4%

Soapstone Creek 99.9%| 99.95%| 94.8% 98.4% | 99.8%| 80%
Potomac | Dalecarlia Tributary 99.9%| 99.95%| 94.8% 98.4%

Oxon Run 99.5%| 99.82%
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The Class D dieldrin criterion is so low that all soungadd be required to make reductions greater
than 99%. Chlordane and DDT NPS reductions would increase to 80% and 92.3%, respsctively
compared to the percent reductions shown in Table 3.5
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4 Results for Individual Small Tributaries

In this sectbn, the results of the application of STPM to develop pesticide TMDLs for each small
tributary will be discussed individually. Each section below will present results for an individual
tributary, including

Abrief description of the tributary and its wettshed

Map of the tributary watershed

Land use acreage

Time series of simulated daily flows

Average annual baselirmnditionsand TDML Scenario loads for each pesticide
Average daily loads for baseligenditionsand TMDL Scenario for each pestigide
Maximum daily loads for baselimenditionsand TMDL Scenario for each pestigide
Time series of simulated daily concentrations for 2005

30-day average simulated concentrations under baseline conditiang

Daily loads for each pesticide under baseloaditionsand TMDL Scenatio

=A =4 =4 =4 =4 4 4 - -4 4

Daily simulated concentrations are shown for 2005 only to better display the variability in
concentrations. The year 2005 was chosen because, according to Haywood and Buchanan (2007), the
distribution of flows on the PotomaRiver at Little Falls in calendar year 2005 is similar to thetkonmg
distribution of flows, and so provides typical variety of flow conditions seen in this region.

The TMDLs were calculated using current water quality standards. Appendix A contaamthéables
calculated using the proposed revisions to the human health criteria.
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4.1 Broad Branch

Broad Branch is about a twaile long western tributary of Rock Creélgure 4.1 shows the location of
Broad Branch and its watershdtlis joined bySoapstone Creek about 800 feet before it discharges into
Rock Creek. Broad Branch begins near Nebraska and Connecticut Avenues. For half of its length, Broad
Branch is bordered on one side by National Park Service parkland and on the other side by &rolad Br
Road which directly abuts it. The lower reach of the stream travels through Rock Creek Park and is
bordered by an approximately 2€@et buffer of tree and shrubs. The stream is about 25 feet wide

(DDOH, 2004a).

Table 4.1 gives the land use acreagéhie Broad Branch watershed. The watershed encompas$és 1
acres. The watershed is 34% impervious and 79% lies within the DC MS4. Abpetdédoof the
watershed is parkland, while the remaining area is residential and retail comm@itogak is oe Multi-
Sector GeneralPermit (MSGP)n the watersked, 5333 Connecticut Avenue NBGRO5AA)7as shown
in Figure 4.1.The loading from thiMSGP is aggregated under the MS4 WLA.
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Figure 4.1: Broad Branch and its Watershed
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Table 4.1: Broa®Branch Land Be (acres)

Type Impervious | Pervious | Forest Total

DC MS4 367 495 39 900
DC NorMS4 22 46 176 245
Maryland - - - -
Total 389 541 215 1,145

Figure 4.3hows simulated daily average flow over the 2@ 2year period Simulatel flows range
from 0.06¢cfs to139cfs. The average daily flow is 2.4 cfs and the median flow isdis57
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Figure 4.2: Simulated Average Daily Flow (cfs), Broad Branch

Table 4.2 presents the average annual baseline dieldrin loads and TMDL allocations. Table 4.3 presents
the daily average baseline loads and TMDL allocations, and Table 4.4 presents maximum daily baseline
dieldrin loads and TMDL allocatiomaseline loads and allocations for musiéictor general permit
DCRO5AA17 are included in the DC Stormwater baseline &atlallocationsFigure 4.3 shows

simulated daily dieldrin concentrations under baseline conditions in 2Bbfee the concentration of

dieldrin in storm flow is less than the concentration in base flow, concentrations decrease in storm
events.Figure 44 contrasts the 3@lay average dieldrin concentration under baseline conditions and the
current Class D human health criterion. Figure 4.5 presents simulated daily dieldrin loads under baseline
conditions and under the TMDL.
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Table 4.2 Average Annual Dieldrin Baseline Loads and TMDL Allocations (Ib8yogpdBranch

Allocation Category Source Percent
Baseline (Ibs/yr) | TMDL (Ibs/yr) Reduction
Wasteload Allocation DC Regulated Stormwater 4.13E03 1.86E04 95.5%
Total 4.13E03 1.86E04 95.5%
Load Allocation Direct Drainage 2.73E03 7.06E05 97.4%
Upstream Maryland - - -
Total 2.73E03 7.06E05 97.4%
Margin of Safety - Implicit -
Total 6.86E03 2.56E04 96.3%
Table 4.3 Dieldrin Aveage Daily Loads (Ibs/d), Brodranch
Allocation Category Source Percent
Baseline (Ibs/yr) | TMDL (Ibsfl) Reduction
Wasteload Allocation DC Regulated Stormwater 1.13E05 5.09E07 95.5%
Total 1.13E05 5.09E07 95.5%
Load Allocation Direct Drainage 7.47E06 1.93E07 97.4%
Upstream Maryland - - -
Total 7.47E06 1.93E07 97.4%
Margin of Safety - Implicit -
Total 1.88E05 7.03E07 96.3%
Table 4.4 Dieldrin Maximum Daily Loads (lbs/d), BroaBranch
Allocation Category Source Percent
Baseline (Ibs/yr) | TMDL (Ibsfl) Reduction
WasteloadAllocation DC Regulated Stormwater 7.67E04 3.45E05 95.5%
Total 7.67E04 3.45E05 95.5%
Load Allocation Direct Drainage 1.35E04 5.99E06 95.6%
Upstream Maryland - - -
Total 1.35E04 5.99E06 95.6%
Margin of Safety - Implicit -
Total 9.02E04 4.05E05 95.5%
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Figure 4.3Simulated Daily Dieldrin Concentratior(pg/l), BroadBranch, Baseline Conditions, 2005
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Figure 4.5 Simulated DailyDieldrin Loadsl|bs/d), Broad BranchBaseline Conditions and TMDL Scenario

Table 4.5resents the average annual baselimeptachlor epoxiddéoads and TMDL allocations. Table

4.6 presents the daily average baseline loadd aMDL allod#ons, and Table 4.fresents maximum

daily baselindneptachlor epoxidéoads and TMDL allocationBaseline loads and allocations for multi
sector general permit DCRO5AA17 are included in the DC Stormwater baseline loads and allocations.
Figure 4.6howssimulated dailyheptachlor epoxideoncentrations under baseke conditions in 2005.

Like dieldrin, the concentration of heptachlor epoxide in storm flow is less than the concentration in
base flow, so concentrations decrease in storm events. Figureodtiasts the 36day average

heptachlor epoxideoncentration under baseline conditions atiek current Class D human hdalt
criterion. Figure 4.®resents simulated dailjeptachlor epoxidéoads under baseline conditions and
under the TMDL
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Table 4.5 Average AnnuaHeptachlor Epoxid@aseline Loads and TMDL Allocations (Ibs/¥jpad

Branch
Allocation Category Source Percent
Baseline (Ibs/yr) | TMDL (Ibs/yr) Reduction
Wasteload Allocation DC Regulated Stormwater 2.10E03 1.34E04 93.6%
Total 2.10E03 1.34E04 93.6%
Load Allocation Direct Drainage 2.04E03 5.10E05 97.5%
Upstream Maryland - - -
Total 2.04E03 5.10E05 97.5%
Margin of Safety - Implicit -
Total 4.14E03 1.85E04 95.5%
Table 4.6 Heptachlor Epoxidéverage Daily Loads (Ibs/dBroadBranch
Allocation Category Source Percent
Baseline (Ibs/yr) | TMDL (Ibsd) Reduction
Wasteload Allocation DC Regulated Stormwater 5.75E06 3.68E07 93.6%
Total 5.75E06 3.68E07 93.6%
Load Allocation Direct Drainage 5.58E06 1.40EQ7 97.5%
Upstream Maryland - - -
Total 5.58E06 1.40E07 97.5%
Margin of Safety - Implicit -
Total 1.13E05 5.07E07 95.5%
Table 4.7 Heptachlor Epoxidéaximum Daily Loads (Ibs/d), BroaBranch
Allocation Category Source Percent
Baseline (Ibs/yr) | TMDL (Ibsd) Reduction
Wasteload Allocation DC Regulated Stormwater 3.90E04 2.49E05 93.6%
Total 3.90E04 2.49E05 93.6%
Load Allocation Direct Drainage 6.97E05 4.33E06 93.8%
Upstream Maryland - - -
Total 6.97E05 4.33E06 93.8%
Margin of Safety - Implicit -
Total 4.60E04 2.93E05 93.6%
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Figure 4.6 Simulated DailHeptachlor EpoxidéConcentrationgug/l), Broad Branch, Baseline Conditions, 2005
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Figure 4.7 Smulated 30Day Average Heptachlor Epoxid&oncentratiors (ug/l), BroadBranch, Baseline
Conditions
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Figure 4.8 Simulated DailyHeptachlor Epoxide Load#§/d), Broad BranchBaseline Conditions and TMDL
Scenario

Table 4.8resents the average annual baselotdordaneloads and TMDL allocations. Table 4.9
presents thedaily average baseline loadsdhTMDL allocations, and Table 4@r@sents maximum daily
baselinechlordaneloads and TMDL allocationBaseline loads and allocations for misiéictor general
permit DCRO5AAL7 are included in the DC Stormwater baseling &waallocationgrigure 4.%hows
simulated dailychlordaneconcentrations under basiele conditions in 2005. Uike dieldrin, the
concentration of chlordane in storm flow is greater than the concentration in base flow, so
concentrations incrase in stom events. Figure 4.1€bontrasts the 3@lay averagehlordane
concentration under baseline conditions atie current Class D human hdaltriterion. Figure 4.11
presents simulated dailghlordaneloads under baseline conditions and under the TMDL.
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Table 4.8 Average AnnuaChlordaneBaseline Loads and TMDL Allocations (Ibs/¥)padBranch

Allocation Category Source Percent
Baseline (Ibs/yr) | TMDL (Ibs/yr) Reduction
Wasteload Allocation DC Regulated Stormwater 6.54E01 2.79E03 99.6%
Total 6.54E01 2.79E03 99.6%
Load Allocation Direct Drainage 4.58E02 1.06E03 97.7%
Upstream Maryland - - -
Total 4.58E02 1.06E03 97.7%
Margin of Safety - Implicit -
Total 7.00E01 3.85E03 99.5%
Table 4.9 ChlordaneAverage Daily Loads (Ibs/dBroadBranch
Allocation Category Source Percent
Baseline (Ibs/yr) | TMDL (Ibsfl) Reduction
Wasteload Allocation DC Regulated Stormwater 1.79E03 7.64E06 99.6%
Total 1.79E03 7.64E06 99.6%
Load Allocation Direct Drainage 1.26E04 2.90E06 97.7%
Upstream Maryland - - -
Total 1.26E04 2.90E06 97.7%
Margin of Safety - Implicit -
Total 1.92E03 1.05E05 99.5%
Table 4.10ChlordaneMaximum Daily Loads (lbs/d), BroaBranch
Allocation Category Source Percent
Baseline (Ibs/yr) | TMDL (Ibsfl) Reduction
Wasteload Allocation DC Regulated Stormwater 1.21E01 5.18E04 99.6%
Total 1.21E01 5.18E04 99.6%
Load Allocation Direct Drainage 9.02E03 8.99E05 99.0%
Upstream Maryland - - -
Total 9.02E03 8.99E05 99.0%
Margin of Safety - Implicit -
Total 1.30E01 6.08E04 99.5%
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4.2 Dalecarlia Tributary

Dalecarliarributaryis a tributary of Little Falls Run in Maryland that flows to the PotorfRgire 4.12

shows the location of Dalecarlia Tributary and its watershed. Table 4.11 gives the land use acreage in

the watershed. The watershed encompasses 1,091 acres. The watershed is 37% impervious and 90% lies
within the DC MS4West of Dalecarlia Pway, the tributary flows through sloping parklandost of

the remaincer of the watershed is suburbastyleresidential housingDDOH, 2004b)
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Figure 4.12: Dalecarlia Tributary and its Watershed

Table 4.1: Dalecarlia Tributary_and Use (acres)

Type Impervious | Pervious | Forest Total

DC MS4 393 534 50 977
DC NorMS4 12 30 72 114
Maryland - - - -
Total 405 564 122 1,091
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Figure 4.13hows simulated daily average flow over the 2@ 2year period Simulatel flows range
from 0.06¢cfs to141cfs Theaverage daily flow is 2efs and the median flow is 0.%4s.
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Figure 4.13 Simulated Average Daily Flow (cf®alecarlia Tributary

Table 4.2 presents the average annual baseline dieldrird@nd TMDL allocations. Table 3.1
presents the daily avage baseline loadsnd TMDL allocations, and Table 4 dresents maximum daily
baseline dieldrin loasland TMDL allocations. Figure 4dibws simulated daily dieldrin concentrations
under basehe conditions in 2005. Since the concentration of dieldristamm flow is less than the
concentration in base flow, concentrations dease in storm events. Figure 4.déntrasts the 3@ay
average dieldrin concentration under baseline conditions #wgdcurrent Class D human hdalt
criterion. Figure 4.1fresens simulated daily dieldrin loads under baseline conditions and under the
TMDL.
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Table 4.2: Average Annual Dieldrin Baseline Loads and TMDL Allocations (Ib&wtecarlia Tributary

Allocation Category Source Percent
Baseline (Ibs/yr) | TMDL (Ibs/yr) Reduction
Wasteload Allocation DC Regulated Stormwater 4.43E03 2.00E04 95.5%
Total 4.43E03 2.00E04 95.5%
Load Allocation Direct Drainage 2.23E03 5.47E05 97.5%
Upstream Maryland - - -
Total 2.23E03 5.47E05 97.5%
Margin of Safety - Implicit -
Total 6.66E03 2.54E04 96.2%
Table 4.8: Dieldrin Aveage Daily Loads (Ibs/dpalecarlia Tributary
Allocation Category Source Percent
Baseline (Ibs/yr) | TMDL (Ibsfl) Reduction
Wasteload Allocation DC Regulated Stormwater 1.21E05 5.47E07 95.5%
Total 1.21E05 5.47E07 95.5%
Load Allocation Direct Drainage 6.10E06 1.50E07 97.5%
Upstream Maryland - - -
Total 6.10E06 1.50E07 97.5%
Margin of Safety - Implicit -
Total 1.83E05 6.97E07 96.2%
Table 4.4: Dieldrin Maximum Daily Loads (Ibs/d)Dalecarlia Tributary
Allocation Category Source Percent
Baseline (Ibs/yr) | TMDL (Ibsfl) Reduction
Wasteload Allocation DC Regulated Stormwater 8.24E04 3.71E05 95.5%
Total 8.24E04 3.71E05 95.5%
Load Allocation DirectDrainage 7.90E05 3.48E06 95.6%
Upstream Maryland - - -
Total 7.90E05 3.48E06 95.6%
Margin of Safety - Implicit -
Total 9.03E04 4.06E05 95.5%
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Figure 4.14Simulated Daily Dieldrin Concentratior(gg/l), Dalecarlia Tributary BaselineConditions, 2005
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Figure 4.15 Simulated 36Day Average Dieldrin Concentratisifg/l), Dalecarlia TributaryBaseline Conditions
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Figure 4.16 Simulated DailyDieldrin Loadslps/d), Dalecarlia TributaryBaseline Conditions and TMDL Scenario

Table 4.5 presents the average annual basellmeptachlor epoxidéoadsand TMDL allocations. Table
4.16 presents the daily average baseline loadd &MDL allocations, and Table 4 dresents maximum
daily baselindneptachlor epoxidéoads and TMDL allations. Figure 4.13hows simulated daily
heptachlor epoxideoncentrations under basele conditions in 2005. Like dieldrin, the concentration of
heptachlor epoxide in storm flow is less than the concentration in base flow, so concentratioraskecr
in gorm events. Figure 4.18ntrasts the 3@ay averagdeptachlor epoxideoncentration under
baseline conditions anthe current Class D human hdaltriterion. Figure 4.1Presents simulated daily
heptachlor epoxidéoads under baseline conditions anddan the TMDL.
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Table 4.5: Average AnnuaHeptachlor Epoxiddaseline Loads and TMDL Allocations (Ibs/yr),

Dalecarlia Tributary

Allocation Category Source Percent
Baseline (Ibs/yr) | TMDL (Ibs/yr) Reduction
Wasteload Allocation DC Regulated Stormwater 2.25E03 1.44E04 93.6%
Total 2.25E03 1.44E04 93.6%
Load Allocation Direct Drainage 1.70E03 3.95E05 97.7%
Upstream Maryland - - -
Total 1.70E03 3.95E05 97.7%
Margin of Safety - Implicit -
Total 3.95E03 1.84E04 95.4%
Table 4.5: Heptachlor EpoxidéAverage Daily Loads (Ibs/dpalecarlia Tributary
Allocation Category Source Percent
Baseline (Ibs/d TMDL (lbsdl) Reduction
Wasteload Allocation DC Regulated Stormwater 6.17E06 3.95E07 93.6%
Total 6.17E06 3.95E07 93.6%
LoadAllocation Direct Drainage 4.66E06 1.08E07 97.7%
Upstream Maryland - - -
Total 4.66E06 1.08E07 97.7%
Margin of Safety - Implicit -
Total 1.08E05 5.03E07 95.4%
Table 4.7: Heptachlor EpoxidéMaximum Daily Loads (Ibs/d)Dalecarlia Tributary
Allocation Category Source Percent
Baseline (Ibsd) TMDL (lbsd) Reduction
Wasteload Allocation DC Regulated Stormwater 4.19E04 2.68E05 93.6%
Total 4.19E04 2.68E05 93.6%
Load Allocation Direct Drainage 4.11E05 2.51E06 93.9%
Upstream Maryland - - -
Total 4.11E05 2.51E06 93.9%
Margin of Safety - Implicit -
Total 4.60E04 2.93E05 93.6%
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Figure 4.17 Simulated DailyHeptachlor EpoxidéConcentrationgug/l), Dalecarlia Tributary Baseline Conditions,
2005
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Figure 4.18 Smulated 30-DayAverage Heptachlor Epoxidéoncentratiors (ug/l), Dalecarlia TributaryBaseline
Conditions
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Figure 4.19 Simulated DailyHeptachlor Epoxide Load#hg/d), Dalecarlia TributaryBaseline Conditions and
TMDL Scenario
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4.3 Dumbarton Oaks

Dumbarton Oaks is a minor western tributary whose confluence with Rock Creek is about 100 yards
south of Massachusetts Avenue over Rock Creigkire 4.2Ghows the location odbumbarton Oaksnd

its watershed. The Dumbarton Oaks watershed drains mostipiNg Park Service parkland, including
about a quarter of the grounds of the US Naval Observatory and Dumbarton Oaks Gardens.
Approximately twethirds of the watershed is landscaped or forested parkland, with the remainder area
as residential. Dumbartond®s is a little more than a hatfile long and is buffered with varying widths

of landscaped parkland as it flows eastward to Rock Creek. The channel is about 22 fektisweey
steep, dropping 200 feet from the head of its watershed to its moutlr ik Creel@DOH, 2004a)

Table 4.8 gives the land use acreage in the Dumbarton Oaks watershed. The watershed encampasse
136 acres. The watershed is¥@5mperviousdut only9% lies within the DC MS4.
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Figure 4.20: Dumbarton Oaks and its Watershed
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Table 4.8: Dumbarton Oakd.and Use (acres)

Type Impervious | Pervious | Forest Total

DC MS4 8 3 1 12
DC NorMS4 25 52 47 124
Maryland - - - -
Total 34 54 48 136

Figure 4.2%khows simulated daily average flow over the 2@W1 2year period Simulatel flows range
from 0.01cfs to14.4cfs The average daily flow is 0.25 cfs and the median flow isc#s08

Daily Average Flow (cfs)
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> U .|.h L L | | .

0
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

Figure 4.21: Simulated Average Daily Flow (cfs), Dumbarton Oaks

Table 419 presents the average annual baseline dieldrirdand TMDL allod¢imns. Table 4.2

presents the daily average baseline loadd @aMDL allocations, and Table #{@&esents maximum daily
baseline dieldrin loasland TMDL allocations. Figure 4 &#ws simulated daily dieldrin concentrations
under basehe conditions in 20B. Since the concentration of dieldrin in storm flow is less than the
concentration in base flow, concentrations decrease in storm events. Mg2Beontrasts the 3@ay
average dieldrin concentration under baseline conditions iredcurrent Class D huan healh

criterion. Figure 4.2gresents simulated daily dieldrin loads under baseline conditions and under the
TMDL.
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Table 419: Average Annual Dieldrin Baseline Loads and TMDL Allocations (Ib&wmbarton Oaks

Allocation Category Source Percent
Baseline(lbs/yr) | TMDL (Ibs/yr) Reduction
Wasteload Allocation DC Regulated Stormwater 7.91E05 3.56E06 95.5%
Total 7.91E05 3.56E06 95.5%
Load Allocation Direct Drainage 6.87E04 2.34E05 96.6%
Upstream Maryland - - -
Total 6.87E04 2.34E05 96.6%
Margin of Safety - Implicit -
Total 7.66E04 2.69E05 96.5%
Table 4.2: Dieldrin Aveage Daily Loads (Ibs/d), Dumbarton Oaks
Allocation Category Source Percent
Baseline (Ibsd) TMDL (Ibsd) Reduction
Wasteload Allocation DC Regulated Stormwater 2.17E07 9.75E09 95.5%
Total 2.17E07 9.75E09 95.5%
Load Allocation Direct Drainage 1.88E06 6.41E08 96.6%
Upstream Maryland -
Total 1.88E06 6.41E08 96.6%
Margin of Safety - Implicit -
Total 2.10E06 7.38E08 96.5%
Table 4.21 DieldrinMaximum Daily Loads (Ibs/d), Dumbarton Oaks
Allocation Category Source Percent
Baseline (Ibsdl) TMDL (Ibsd) Reduction
Wasteload Allocation DC Regulated Stormwater 1.24E05 5.57E07 95.5%
Total 1.24E05 5.57E07 95.5%
Load Allocation Direct Drainage 8.08E05 3.62E06 95.5%
Upstream Maryland - - -
Total 8.08E05 3.62E06 95.5%
Margin of Safety - Implicit -
Total 9.31E05 4.18E06 95.5%
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Figure 4.22Simulated Daily Dieldrin Concentratior(gg/l), Dumbarton OaksBaseline Conditions, 2005
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Figure 4.23 Simulated 36Day Average Dieldrin Concentratiaifpg/l), Dumbarton OaksBaseline Conditions
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Figure 4.24 Simulated DailyDieldrin Loadslps/d), Dumbarton OaksBaseline Conditions and TMDL Scenario

Table 4.2 presents the average annual basellmeptachlor epoxidéoadsand TMDL allocations. Table
4.23 presents the daily average baseline loadd aMDL alloc&ns, and Table 4£presents maximum
daily baselindneptachlor epoxidéoads and TMDL allocations.dtire 4.25shows simulated daily
heptachlor epoxideoncentrations under basele conditions in 2005. Like dieldrin, the concentration of
heptachlor epoxide in storm flow is less than the concentration in base flow, so concentratioraskecr
in storm evens. Figure 4.26ontrasts the 3@ay averagdeptachlor epoxideoncentration under
baseline conditions anthe current Class D human hdaltriterion. Figue 4.27presents simulated daily
heptachlor epoxidéoads under baseline conditions and under theOlM
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Table 4.2: Average AnnuaHeptachlor Epoxiddaseline Loads and TMDL Allocations (Ibs/yr),

Dumbarton Oaks

Allocation Category Source Percent
Baseline (Ibs/yr) | TMDL (Ibs/yr) Reduction
Wasteload Allocation DC Regulated Stormwater 4.02E05 2.57E06 93.6%
Total 4.02E05 2.57E06 93.6%
Load Allocation Direct Drainage 4.43E04 1.69E05 96.2%
Upstream Maryland - - -
Total 4.43E04 1.69E05 96.2%
Margin of Safety - Implicit -
Total 4.84E04 1.95E05 96.0%
Table 4.3: Heptachlor Epoxidéverage Daily Loads (Ibs/d), Dumbarton Oaks
Allocation Category Source Percent
Baseline (Ibsd) TMDL (lbsdl) Reduction
Wasteload Allocation DC Regulated Stormwater 1.10E07 7.04E09 93.6%
Total 1.10EQ07 7.04E09 93.6%
Load Allocation Direct Drainage 1.21E06 4.63E08 96.2%
Upstream Maryland - - -
Total 1.21E06 4.63E08 96.2%
Margin of Safety - Implicit -
Total 1.32E06 5.33E08 96.0%
Table 4.2: Heptachlor Epoxidélaximum Daily Loads (Ibs/d), Dumbarton Oaks
Allocation Category Source Percent
Baseline (Ibsd) TMDL (Ibsd) Reduction
Wasteload Allocation DC Regulated Stormwater 6.29E06 4.02E07 93.6%
Total 6.29E06 4.02E07 93.6%
Load Allocation Direct Drainage 4.12E05 2.62E06 93.7%
Upstream Maryland - - -
Total 4.12E05 2.62E06 93.7%
Margin of Safety - Implicit -
Total 4.75E05 3.02E06 93.6%
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Figure 4.25 Simulated DailyHeptachlor EpoxidéConcentrationgug/l), Dumbarton OaksBaseline Conditions,
2005
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Figure 4.26 Smulated 30-Day Average Heptachlor Epoxideoncentratiors (ug/l), Dumbarton OaksBaseline
Conditions
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Figure 4.27 Simulated DailyHeptachlor Epoxide Load#&/d), Dumbarton OaksBaseline Conditions and TMDL
Scenario

Table 4.3 presents the average annual baselttdordaneloadsand TMDL allocations. Table @.2
presents the daily average baseline loadsl @MDL allocations, and Table 4 @&esents maximum daily
baselinechlordaneloadsand TMDL allocations. Figure 42®ws simulated dailghlordane
concentrations under basek conditions in 2005. Unlike dieldrithe concentration of chlordane in
storm flow is greater than the concentration in base flow, so concentrations incieaterm events.
Figure 4.2%ontrasts the 3@day averagehlordaneconcentration under baseline conditions atte
current Class Duman healh criterion. Figure 4.3presents simulated dailghlordaneloads under
baseline conditions and under the TMDL.
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Table 4.5: Average AnnuaChlordaneBaseline Loads and TMDL Allocations (Ibs/fdymbarton Oaks

Allocation Category Source Percent
Baseline (Ibs/yr) | TMDL (Ibs/yr) Reduction
Wasteload Allocation DC Regulated Stormwater 1.25E02 5.34E05 99.6%
Total 1.25E02 5.34E05 99.6%
Load Allocation Direct Drainage 5.03E02 3.51E04 99.3%
Upstream Maryland - - -
Total 5.03E02 3.51E04 99.3%
Margin of Safety - Implicit -
Total 6.28E02 4.04E04 99.4%
Table 4.8: ChlordaneAverage Daily Loads (Ibs/d), Dumbarton Oaks
Allocation Category Source Percent
Baseline (Ibsd) TMDL (Ibsd) Reduction
Wasteload Allocation DC Regulate8tormwater 3.43E05 1.46E07 99.6%
Total 3.43E05 1.46E07 99.6%
Load Allocation Direct Drainage 1.38E04 9.61E07 99.3%
Upstream Maryland - - -
Total 1.38E04 9.61E07 99.3%
Margin of Safety - Implicit -
Total 1.72E04 1.11E06 99.4%
Table 4.Z: ChlordaneMaximum Daily Loads (Ibs/d), Dumbarton Oaks
Allocation Category Source Percent
Baseline (Ibsdl) TMDL (Ibsd) Reduction
Wasteload Allocation DC Regulated Stormwater 1.96E03 8.36E06 99.6%
Total 1.96E03 8.36E06 99.6%
Load Allocation DirectDrainage 1.01E02 5.43E05 99.5%
Upstream Maryland - - -
Total 1.01E02 5.43E05 99.5%
Margin of Safety - Implicit -
Total 1.20E02 6.27E05 99.5%
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Figure 4.28 Simulated DailyChlordaneConcentrationgug/l), Dumbarton OaksBaselineConditions, 2005
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Figure 4.29 Smulated 30-Day Average Chlordan€oncentratiors (ug/l), Dumbarton OaksBaseline Conditions
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Figure 4.30 Simulated DailyChlordane Loaddl{s/d), Dumbarton OaksBaseline Conditions and TMDL Scenario
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4.4 Fenwick Branch

Fenwick Branch is a secoendder eastern tributary of Rock Creek originating in Maryland jusdide

the Northeastern DC brder. Figure 4.31 shows the location of Fenwick Branch and its watershed.
CSysA0] . NIyOKQa 4| imS8aNEIR &ckes, buSdnly 2iAdBssare withilDSR E
boundaries, the rest being in Montgomery CountyD.M he watershed is primarily urbanized, including
residential areas inside the District and some commercial and light industridDirT M tributary runs a
little more than half a mile before joining Portal Branch, approximately 120 feet north of its confluence
with Rock Creek. Throughout the length of the stream it is buffered by approximately 100 feet of
forested parkland on both sides. The stream channel iaigb feet wide(DDOH, 2004a)

Table 4.8 gives the land use acreage in the Fenwick Branch watershedQ a
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Figure 4.31: Fenwick Branch and its Watershed
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Table 4.8: FenwickBranchLand Use (acres)

Type Impervious | Pervious | Forest Total

DC MS4 60 93 9 162
DC NorMS4 11 25 22 57
Maryland 150 243 0 393
Total 221 361 30 612

Figure 4.3%hows simulated daily average flow over the 2@01 2year period Simulatel flows range
from 0.02cfs to55 cfs The average daily flow 1s36 cfs and the median flow is @.8fs.
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Figure 432: Simulated Average Daily Flow (cfs), Fenwick Branch

Table 429 presents the average annual baseline dieldrirdand TMDAllocations. Table 4(8

presents the daily average baseline loadd @aMDL allocations, and Table #{&esents maximum daily
baseline dieldrin loasland TMDL allocations. Figure3isBiows simulated daily dieldrin concentrations
under basehe conditiondgn 2005. Since the concentration of dieldrin in storm flow is less than the
concentration in base flow, concentrations decrease in storm events. Figdteahtrasts the 3@ay
average dieldrin concentration under baseline conditions tnedcurrent Clas® human heah

criterion. Figure 85 presents simulated daily dieldrin loads under baseline conditions and under the
TMDL.
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Table 429: Average Annual Dieldrin Baseline Loads and TMDL Allocations (Ib&gnwick Branch

Allocation Category Source Percent
Baline (Ibs/yr) | TMDL (Ibs/yr) Reduction
Wasteload Allocation DC Regulated Stormwater 7.00E04 3.15E05 95.5%
Total 7.00E04 3.15E05 95.5%
Load Allocation Direct Drainage 5.93E04 1.68E05 97.2%
Upstream Maryland 2.64E03 9.61E05 96.4%
Total 3.23E03 1.13E04 96.5%
Margin of Safety - Implicit -
Total 3.93E03 1.44E04 96.3%
Table 4.8: Dieldrin Aveage Daily Loads (Ibs/d), Fenwick Branch
Allocation Category Source Percent
Baseline (Ibsd) TMDL (Ibsd) Reduction
Wasteload Allocation DC Regulated Stormwater 1.92E06 8.62E08 95.5%
Total 1.92E06 8.62E08 95.5%
Load Allocation Direct Drainage 1.63E06 4.60E08 97.2%
Upstream Maryland 7.23E06 2.63E07 96.4%
Total 8.86E06 3.09E07 96.5%
Margin of Safety - Implicit -
Total 1.08E05 3.95E07 96.3%
Table 4.3: Dieldrin Maximum Daily Loads (Ibs/d), Fenwick Branch
Allocation Category Source Percent
Baseline (Ibsdl) TMDL (Ibsd) Reduction
Wasteload Allocation DC Regulated Stormwater 1.33E04 5.98E06 95.5%
Total 1.33E04 5.98E06 95.5%
Load Allocation Direct Drainage 4.00E05 1.78E06 95.5%
Upstream Maryland 2.03E04 9.12E06 95.5%
Total 2.43E04 1.09E05 95.5%
Margin of Safety - Implicit -
Total 3.76E04 1.69E05 95.5%
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Figure 4.3: Simulated Daily DieldrifConcentrationgug/l), Fenwick BranchBaseline Conditions, 2005
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Figure 434: Simulated 3@Day Average Dieldrin Concentratistfug/l), Fenwick BranchBaseline Conditions
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Figure 435:; Simulated DailyDieldrin Loadslps/d), Fenwick BranchBaseline Conditions and TMDL Scenario

Table 4.2 presents the average annual basellmeptachlor epoxidéoadsand TMDL allocations. Table
4.33 presents the daily average baseline loadd @aMDL allocations, and Table 4 &esents maximum
daily baselindneptachlor epoxidéoads and TMDL allocations. Figur8@lshows simulated daily
heptachlor epoxideoncentrations under basele conditions in 2005. Like dieldrin, the concentration of
heptachlor epoxide in storm flow is less than the concentration irelflsv, so concentrations decrease
in storm events. Figure &7 contrasts the 3@ay averagdeptachlor epoxideoncentration under
baseline conditions anthe current Class D human hdaltriterion. Figure 88 presents simulated daily
heptachlor epoxidéoads under baseline conditions and under the TMDL.
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Table 4.2: Average AnnuaHeptachlor Epoxidd@aseline Loads and TMDL Allocations (Ibs/¥gnwick

Branch
Allocation Category Source Percent
Baseline (Ibs/yr) | TMDL (Ibs/yr) Reduction
WasteloadAllocation DC Regulated Stormwater 3.56E04 2.27E05 93.6%
Total 3.56E04 2.27E05 93.6%
Load Allocation Direct Drainage 4.25E04 1.21E05 97.2%
Upstream Maryland 1.62E03 6.94E05 95.7%
Total 2.05E03 8.15E05 96.0%
Margin of Safety - Implicit -
Total 2.41E03 1.04E04 95.7%
Table 4.3: Heptachlor EpoxidéAverage Daily Loads (Ibs/d), Fenwick Branch
Allocation Category Source Percent
Baseline (Ibsd) TMDL (Ibsd) Reduction
Wasteload Allocation DC Regulated Stormwater 9.74E07 6.23E08 93.6%
Total 9.74E07 6.23E08 93.6%
Load Allocation Direct Drainage 1.17E06 3.32E08 97.2%
Upstream Maryland 4.45E06 1.90E07 95.7%
Total 5.62E06 2.23E07 96.0%
Margin of Safety - Implicit -
Total 6.59E06 2.86E07 95.7%
Table 4.3: HeptachlorEpoxideMaximum Daily Loads (Ibs/d), Fenwick Branch
Allocation Category Source Percent
Baseline (Ibsd) TMDL (Ibsd) Reduction
Wasteload Allocation DC Regulated Stormwater 6.76E05 4.32E06 93.6%
Total 6.76E05 4.32E06 93.6%
Load Allocation DirectDrainage 2.05E05 1.29E06 93.7%
Upstream Maryland 1.04E04 6.58E06 93.7%
Total 1.24E04 7.87E06 93.7%
Margin of Safety - Implicit -
Total 1.92E04 1.22E05 93.6%
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Figure 436: Simulated DailyHeptachlor EpoxidéConcentrationgug/l), FenwickBranch Baseline Conditions,

2005
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Figure 437: Smulated 30-Day Average Heptachlor Epoxidgoncentratiors (ug/l), Fenwick BranchBaseline

Conditions
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Figure 438: Simulated DailyHeptachlor Epoxide Load#hg/d), Fenwick BranchBaseline Conditionand TMDL
Scenario

Table 4.3 presents the average annual baselDBTloadsand TMDL allocations. Table @ xesents

the daily average baseline loadsdiITMDL allocations, and Table 4&esents maximum daily baseline
DDTloads and TMDL allocations. &ig 439 shows simulated dailpDTconcentrations under baseke
conditions in 2005. Unlike dieldrin, the concentratiorDadTin storm flow is greater than the
concentration in base flow, so concentrations e&se in storm events. Figure 8.dontrasts he 30day
averageDDTconcentration under baseline conditions atieé current Class D human hdaltriterion.
Figure 4.4 presents simulated dailpDTloads under baseline conditions and under the TMDL.
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Table 4.3: Average AnnuaDDTBaseline Loads and TMDL Allocations (Ibs/¥i@nwick Branch

Allocation Category Source Percent
Baseline (Ibs/yr) | TMDL (Ibs/yr) Reduction
Wasteload Allocation DC Regulated Stormwater 5.71E03 1.28E04 97.8%
Total 5.71E03 1.28E04 97.8%
LoadAllocation Direct Drainage 1.20E03 6.83E05 94.3%
Upstream Maryland 1.38E02 3.91E04 97.2%
Total 1.50E02 4.60E04 96.9%
Margin of Safety - Implicit -
Total 2.07E02 5.88E04 97.2%
Table 4.%: DDTAverage Daily Loads (Ibs/d), Fenwick Branch
Allocation Category Source Percent
Baseline (Ibsd) TMDL (Ibsd) Reduction
Wasteload Allocation DC Regulated Stormwater 1.57E05 3.51E07 97.8%
Total 1.57E05 3.51E07 97.8%
Load Allocation Direct Drainage 3.29E06 1.87E07 94.3%
Upstream Maryland 3.77E05 1.07E06 97.2%
Total 4.10E05 1.26E06 96.9%
Margin of Safety - Implicit -
Total 5.67E05 1.61E06 97.2%
Table 4.3: DDTMaximum Daily Loads (lbs/d), Fenwick Branch
Allocation Category Source Percent
Baseline (Ibsdl) TMDL (Ibsd) Reduction
Wasteload Allocation DC Regulated Stormwater 1.09E03 2.44E05 97.8%
Total 1.09E03 2.44E05 97.8%
Load Allocation Direct Drainage 2.37E04 7.26E06 96.9%
Upstream Maryland 1.65E03 3.71E05 97.7%
Total 1.89E03 4.44E05 97.6%
Margin of Safety - Implicit -
Total 2.97E03 6.88E05 97.7%
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Figure 439: Simulated DailypDTConcentrationgug/l), Fenwick BranchBaseline Conditions, 2005
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4.5 Klingle Valley Creek

Klingle Vallereekflows through a residential area and discharges into Rock Creek from the west near

the Porter Street Bridgdzigure 4.42 shows the location of Klingle Valley Creek and its waté?shieel
AUGNBIYQAa NBIF OK LI NI f Ro&f AwoddédBifedopadevmundréd ReSt cavefs Y A y 3t
one side of the stream. The stream channel is about 30 feet.witte creek itselis an approximately

half a mile long strearandfalls at a grade of about 5% from its headwaters to its confluence with Rock
Creek(DDOH2004a)

The watershed comprises about 1@&2res and is primarily residentidlable 4.8 gives the land use
acreage in the Klingle Valley Creek watersHdgk watershed is 36% impervious and Bes within the
DC MS4.
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Figure 4.42Klingle Valley @ek and its Watershed

10 Areas in white supunded by the Klingle Valley Creek watershed discharge directly to Rock Creek through
separate storm sewers.
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Table 4.38: Klingle Valley Creek Land Use (acres)

Type Impervious | Pervious | Forest Total

DC MS4 55 57 14 125
DC NorMS4 7 13 26 46
Maryland - - - -
Total 62 70 40 172

Figure 4.43hows simulated daily average flow over the 2@ 2year period Simulatel flows range

from 0.01cfs t021.0cfs The average daily flow is 0.8Band the median flow is 0.0&s.
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Table 439 presents the average annual baseline dieldrin loaold TMDL allocations. Table @.4

Figure 4.43 Simulated Average Daily Flow (cfs), Klingle Valleyekre

presents the daily average baseline loads and TMDL allocations, and Tdlgee4éehts maximum daily
baseline dieldrin loadand TMDL allocations. Figuret4 shows simulated daily dieldrin concentrations
under baseline conditions in 2005. Since the concentration of dieldrin in storm flow is less than the

concentration in base flow, concentrations decrease in storm events. Figiseahtrasts the 3@ay
average dieldrin concentration under baseline conditions and the current Class D humam healt

criterion. Figure 4.4fresents simulated daily dieldrin loads under baseline conditions and under the

TMDL.
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Table 439: Average Annual Dieldrin Baseline Loaaisd TMDL Allocations (lbs/yr), Klingle Valley Creek

Allocation Category Source Percent
Baseline (Ibs/yr) | TMDL (Ibs/yr) Reduction
Wasteload Allocation DC Regulated Stormwater 5.86E04 2.64E05 95.5%
Total 5.86E04 2.64E05 95.5%
Load Allocation DirectDrainage 4.62E04 1.30E05 97.2%
Upstream Maryland - - -
Total 4.62E04 1.30E05 97.2%
Margin of Safety - Implicit -
Total 1.05E03 3.94E05 96.2%

Table4.40: Dieldrin Average Daily Loads (Ibs/d), Klingle Valley Creek

Allocation Category Source Percent
Baseline (Ibsd) TMDL (Ibsd) Reduction
Wasteload Allocation DC Regulated Stormwater 1.60E06 7.22E08 95.5%
Total 1.60E06 7.22E08 95.5%
Load Allocation Direct Drainage 1.27E06 3.56E08 97.2%
Upstream Maryland - - -
Total 1.27E06 3.56E08 97.2%
Margin of Safety - Implicit -
Total 2.87E06 1.08E07 96.2%

Table 4.4: Dieldrin Maximum Daily Loads (Ibs/d), Klingle Valley Creek

Allocation Category Source Percent
Baseline (Ibsdl) TMDL (Ibsd) Reduction
Wasteload Allocation DCRegulated Stormwater 1.04E04 4.69E06 95.5%
Total 1.04E04 4.69E06 95.5%
Load Allocation Direct Drainage 3.16E05 1.41E06 95.5%
Upstream Maryland - - -
Total 3.16E05 1.41E06 95.5%
Margin of Safety - Implicit -
Total 1.36E04 6.10E06 95.5%
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Figure 4.46 Simulated DailyDieldrin Loads (Ib&l), Klingle Valley Creek, Baseline Conditions and TMDL Scenario

Table 4.2 presents the average annual baseline heptachlor epoxide loads and diMBdtions. Table

4.43 presents the daily average baseline loads @iiDL allocations, and Table 4.gresents maximum

daily baseline heptachlor epoxide loaaisd TMDL allocations. Figure 4gtows simulated daily

heptachlor epoxide concentrations under baseline conditions in 2005. Like dieldrin, the concentration of
heptadhlor epoxide in storm flow is less than the concentration in base flow, so concentratioresadecr

in storm events. Figure 4.4®ntrasts the 3@ay average heptachlor epoxide concentration under
baseline conditions and the current Class D human heatlierion. Figure 4.49resents simulated daily
heptachlor epoxide loads under baseline conditions and under the TMDL.
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Table 4.2: Average Annual Heptachlor Epoxide Baseline Loads and TMDL Allocations (Ibs/yr), Klingle

Valley Creek
Allocation Category Source Percent
Baseline (Ibs/yr) | TMDL (Ibs/yr) Reduction
Wasteload Allocation DC Regulated Stormwater 2.98E04 1.90E05 93.6%
Total 2.98E04 1.90E05 93.6%
Load Allocation Direct Drainage 3.32E04 9.39E06 97.2%
Upstream Maryland - - -
Total 3.32E04 9.39E06 97.2%
Margin of Safety - Implicit -
Total 6.30E04 2.84E05 95.5%
Table 4.48: Heptachlor Epoxide Average Daily Loads (Ibs/d), Klingle Valley Creek
Allocation Category Source Percent
Baseline (Ibsd) TMDL (Ibsd) Reduction
WasteloadAllocation DC Regulated Stormwater 8.16E07 5.22E08 93.6%
Total 8.16E07 5.22E08 93.6%
Load Allocation Direct Drainage 9.10E07 2.57E08 97.2%
Upstream Maryland - - -
Total 9.10E07 2.57E08 97.2%
Margin of Safety - Implicit -
Total 1.73E06 7.79E08 95.5%
Table 4.4: Heptachlor Epoxide Maximum Daily Loads (Ibs/d), Klingle Valley Creek
Allocation Category Source Percent
Baseline (Ibsd) TMDL (Ibsd) Reduction
Wasteload Allocation DC Regulated Stormwater 5.30E05 3.39E06 93.6%
Total 5.30E05 3.39E06 93.6%
Load Allocation Direct Drainage 1.62E05 1.02E06 93.7%
Upstream Maryland - - -
Total 1.62E05 1.02E06 93.7%
Margin of Safety - Implicit -
Total 6.92E05 4.40E06 93.6%
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Figure 4.47 Simulated Daily Heptachlor Epoxideoncentrationgug/l), Klingle Valley Creek, Baseline Conditions,
2005
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TMDL Scenario
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4.6 Luzon Branch

Luzon Branch is an eastern tributary of Rock Creek. It travels roughly half a mile southwest and empties
into Rock Creek at Joyce RoBRjure 4.50 shows the location of Luzon Branch and its waterdheohn
Branch is approximately 26 feet wid€he stream is buffered by 1&M00 et of parkland(DDOH,

2004a)
ThelLuzon Branclvatershed measurgabout 643 acresAbout90 percent of the watershed is

residential and light commercial, and the rest is parklamdble 4.5 gives the land use acreage in the
Luzon Branch watershe@he watershed is 47% impervious and®Res within the DC MS4.
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Table 4.4: Luzon Branch Land Use (acres)

Type Impervious | Pervious | Forest Total

DC MS4 300 277 13 590
DC NorMS4 5 22 25 53
Maryland - - - -
Total 306 300 38 643

Figure 4.5khows simulated daily average flow over the 2@01 2year period Simulatel flows range
from 0.03 cfs to 90.6fs. The average daily flow is 1.6 cfs and the median flow isc®525
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Figure 4.51 Simulated Average Daily Flow (cfs), Luzon Branch

Table 4.4 presents the average annual baseline dieldodsand TMDL allocations. Table 4.4
presents the daily average baseline loads and TMDL allocations, and T&gee$éehts maximum daily
baseline dieldrin loadand TMDL allocations. Figure 4&bws simulated daily dieldrin concentrations
under basehe conditions in 2005. Since the concentration of dieldrin in storm flow is less than the
concentration in base flow, concentrations decreas storm events. Figure 4.88ntrasts the 3@ay
average dieldrin concentration under baseline conditions amddinrrent Class D human health
criterion. Figure 44presents simulated daily dieldrin loads under baseline conditions and under the
TMDL.

88



Table 4.46: Average Annual Dieldrin Baseline Loads and TMDL Allocations (Ibs/yr), Luzon Branch

Allocation Category Source Percent
Baseline (Ibs/yr) | TMDL (Ibs/yr) Reduction
Wasteload Allocation DC Regulated Stormwater 3.16E03 1.42E04 95.5%
Total 3.16E03 1.42E04 95.5%
Load Allocation Direct Drainage 1.06E03 2.57E05 97.6%
Upstream Maryland - -
Total 1.06E03 2.57E05 97.6%
Margin of Safety - Implicit -
Total 4.22E03 1.68E04 96.0%
Table 4.4: Dieldrin Average Daily Loads (Ibs/d), Luzon Branch
Allocation Category Source Percent
Baseline (Ibsd) TMDL (Ibsd) Reduction
Wasteload Allocation DCRegulated Stormwater 8.66E06 3.90E07 95.5%
Total 8.66E06 3.90E07 95.5%
Load Allocation Direct Drainage 2.90E06 7.05E08 97.6%
Upstream Maryland - - -
Total 2.90E06 7.05E08 97.6%
Margin of Safety - Implicit -
Total 1.16E05 4.60E07 96.0%
Table 4.48: Dieldrin Maximum Daily Loads (Ibs/d), Luzon Branch
Allocation Category Source Percent
Baseline (Ibsdl) TMDL (Ibsd) Reduction
Wasteload Allocation DC Regulated Stormwater 5.51E04 2.48E05 95.5%
Total 5.51E04 2.48E05 95.5%
LoadAllocation Direct Drainage 3.49E05 1.53E06 95.6%
Upstream Maryland - - -
Total 3.49E05 1.53E06 95.6%
Margin of Safety - Implicit -
Total 5.86E04 2.63E05 95.5%
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Figure 4.8: Smulated Daily Dieldrin Loads (Itd), Luzon Branch, Baseline Conditions and TMDL Scenario

Table 449 presents the average annual baseline heptachlor epoxide lanadSTMDL allocations. Table

4.50 presents the daily average baseline loads @aMDL allocations, and Table 4 firesents maximum

daily baseline heptachlor epoxide loaaisd TMDL allocations.dtire 4.55shows simulated daily

heptachlor epoxide concentrations under baseline conditions in 2005. Like dieldrin, the concentration of
heptachlor epoxide in storm flow is less than the concentration in base flow, so concentratiopaskecr

in storm evens. Figure 4.56ontrasts the 3@day average heptachlor epoxide concentration under
baseline conditions and the current Class D human healiriom. Figure 4.5presents simulated daily
heptachlor epoxide loads under baseline conditions and under thBLTM
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Table 449: Average Annual Heptachlor Epoxide Baseline Loads and TMDL Allocations (lbs/yr), Luzon

Branch
Allocation Category Source Percent
Baseline (Ibs/yr) | TMDL (Ibs/yr) Reduction
Wasteload Allocation DC Regulated Stormwater 1.61E03 1.03E04 93.6%
Total 1.61E03 1.03E04 93.6%
Load Allocation Direct Drainage 8.10E04 1.86E05 97.7%
Upstream Maryland - - -
Total 8.10E04 1.86E05 97.7%
Margin of Safety - Implicit -
Total 2.42E03 1.21E04 95.0%
Table 4.9: Heptachlor Epoxide Averadeaily Loads (lbs/d), Luzon Branch
Allocation Category Source Percent
Baseline (Ibsd) TMDL (Ibsd) Reduction
Wasteload Allocation DC Regulated Stormwater 4.40E06 2.81E07 93.6%
Total 4.40E06 2.81E07 93.6%
Load Allocation Direct Drainage 2.22E06 5.09E08 97.7%
Upstream Maryland - - -
Total 2.22E06 5.09E08 97.7%
Margin of Safety - Implicit -
Total 6.62E06 3.32E07 95.0%
Table 4.9: Heptachlor Epoxide Maximum Daily Loads (Ibs/d), Luzon Branch
Allocation Category Source Percent
Baseline (Ibsd) TMDL (Ibsd) Reduction
Wasteload Allocation DC Regulated Stormwater 2.80E04 1.79E05 93.6%
Total 2.80E04 1.79E05 93.6%
Load Allocation Direct Drainage 1.82E05 1.11E06 93.9%
Upstream Maryland - - -
Total 1.82E05 1.11E06 93.9%
Margin of Safety - Implicit -
Total 2.98E04 1.90E05 93.6%
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Figure 4.56 Simulated 36Day Average Heptachlor Epoxide Concentrations (pdil)zon Branch, Baseline
Conditions
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Figure 4.57 Simulated Daily Heptachlor Epoxide Loadtss(d), Luzon Branch, Baseline Conditions and TMDL
Scenario

Table 4.2 presents the average annual baseline chlordane l@adsTMDL allocations. Table 3.5
presents the daily average baseline loads aidDL allocations, and Table 4 firesents maximum daily
baseline chlordane loadmd TMDL allocations. Figure 4&8&ws simulated daily chlordane
concentrations under baseline conditions in 2005. Unlike dieldnimconcentration of chlordane in
storm flow is greater than the concentration in base flow, so concentrations iser@estorm events.
Figure 4.5%ontrasts the 3@ay average chlordane concentration under baseline conditions and the
current Class D humiéhealth criterion. Figure 4.68resents simulated daily chlordane loads under
baseline conditions and under the TMDL.
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Table 4.2: Average Annual Chlordane Baseline Loads and TMDL Allocations (Ibs/yr), Luzon Branch

Allocation Category Source Percent
Baseline(lbs/yr) | TMDL (Ibs/yr) Reduction
Wasteload Allocation DC Regulated Stormwater 5.00E01 2.13E03 99.6%
Total 5.00E01 2.13E03 99.6%
Load Allocation Direct Drainage 1.40E02 3.86E04 97.2%
Upstream Maryland - - -
Total 1.40E02 3.86E04 97.2%
Margin of Safety - Implicit -
Total 5.14E01 2.52E03 99.5%

Table 4.8: Chlordane Average Daily Loads (lbs/d), Luzon Branch

Allocation Category Source Percent
Baseline (Ibsd) TMDL (Ibsd) Reduction
Wasteload Allocation DC Regulated Stormwater 1.37E03 5.84E06 99.6%
Total 1.37E03 5.84E06 99.6%
Load Allocation Direct Drainage 3.84E05 1.06E06 97.2%
Upstream Maryland - - -
Total 3.84E05 1.06E06 97.2%
Margin of Safety - Implicit -
Total 1.41E03 6.90E06 99.5%

Table 4.8: ChlordaneMaximum Daily Loads (Ibs/d), Luzon Branch

Allocation Category Source Percent
Baseline (Ibsdl) TMDL (Ibsd) Reduction
Wasteload Allocation DC Regulated Stormwater 8.72E02 3.72E04 99.6%
Total 8.72E02 3.72E04 99.6%
Load Allocation Direct Drainage 3.19E03 2.30E05 99.3%
Upstream Maryland - - -
Total 3.19E03 2.30E05 99.3%
Margin of Safety - Implicit -
Total 9.04E02 3.95E04 99.6%
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Figure 4.59 Simulated 36Day Average Chlordane Concentrations (ug/l), Luzon Branch, Baseline Conditions
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Figure 4.60 Simulated Daily Chlordane Loadb4/d), Luzon Branch, Baseline Conditions and TMDL Scenario
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4.7 Melvin Hazen Valley Branch

Melvin Hazen Valley Branch is a seconder tributary of Rock Creek. It originates near 34th street and
Tilden Street, N\WWFigure 4.61 shows the location of Melvin Hazen Valley Branch and its watershed.
Melvin HazerValley Branclstretches approximately,800 feet to its mouth at Rock Creek, and buffered
on both sides by several hundreekf of forested parklandThe streamis carried in a pipender
Connecticut Avenué. The stream is about 11 feet wigBDOH, 2004a)

TheMelvin HazerValley Branchvatershed covers 14 acres, with more than twthirds of the

watershed is residential and commercial. The lower segment of the watershed is parkédoie 4.5
gives the land use acreage in the Melvin Hazen Valley Branch watef$teediatershed is 30%
impervicus and 636 lies within the DC MSZhere is ondISGRn the watershed, the U. S. Post Office
facility in Friendship Height® CR05A47)1as shown in Figure 4.6This permit is aggregated under the
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Figure 461: Melvin Hazen Valley Branch aritd Watershed

11 Drainage along Connecticut Avenue discharges directly to Rock Creek through separate storm sewers.
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Table 4.%: Melvin Hazen Valley Branch Land Use (acres)

Type Impervious | Pervious | Forest Total

DC MS4 43 60 6 109
DC NorMS4 9 9 47 65
Maryland - - - -
Total 52 69 53 174

Figure 462 shows simulated daily average flow over the 2Q@012year period Simulatel flows range

from 0.01cfs t019.7cfs The average daily flow is 0.88and the median flow is 0.1€fs.
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Table 4.8 presents the average annual baseline dieldrin loaid TMDL allocations. Table 4.5

Figure 462: Simulated Average Daily Flow (cfs), Melvin Hazen Valley Branch

presents the daily average baseline loads and TMDL allocatindsTable 4 %presents maximum daily

baseline dieldrin loads and TMDL allocatiddesseline loads and attations for multisector general

permit DCRO5A741 are included in the DC Stormwater baseline loads and allodagares 463 shows
simulated daily dieldrin concentrations under baseline conditions in 2005. Since the concentration of
dieldrin in storm low is less than the concentration in base flow, concentrations decrease in storm
events. Figure &4 contrasts the 3@ay average dieldrin concentration under baseline conditions and
the current Class D human health criterion. Figu6b f#resents simulkad daily dieldrin loads under
baseline conditions and under the TMDL.
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Table 4.%: Average Annual Dieldrin Baseline Loads and TMDL Allocations (Ibs/yr), Melvin Hazen

Valley Branch

Allocation Category Source Percent
Baseline (Ibs/yr) | TMDL (Ibs/yr) Reduction
Wasteload Allocation DC Regulated Stormwater 4.87E04 2.19E05 95.5%
Total 4.87E04 2.19E05 95.5%
Load Allocation Direct Drainage 5.33E04 1.51E05 97.2%
Upstream Maryland - - -
Total 5.33E04 1.51E05 97.2%
Margin of Safety - Implicit -
Total 1.02E03 3.70E05 96.4%
Table4.57: Dieldrin Average Daily Loads (Ibs/d), Melvin Hazen Valley Branch
Allocation Category Source Percent
Baseline (Ibsd) TMDL (lbsdl) Reduction
Wasteload Allocation DC Regulated Stormwater 1.33E06 6.00E08 95.5%
Total 1.33E06 6.00E08 95.5%
Load Allocation Direct Drainage 1.46E06 4.14E08 97.2%
Upstream Maryland - - -
Total 1.46E06 4.14E08 97.2%
Margin of Safety - Implicit -
Total 2.79E06 1.01E07 96.4%
Table 4.8: Dieldrin Maximum Daily Load8bs/d), Melvin Hazen Valley Branch
Allocation Category Source Percent
Baseline (Ibsd) TMDL (lbsd) Reduction
Wasteload Allocation DC Regulated Stormwater 9.10E05 4.09E06 95.5%
Total 9.10E05 4.09E06 95.5%
Load Allocation Direct Drainage 3.65E05 1.63E06 95.5%
Upstream Maryland - - -
Total 3.65E05 1.63E06 95.5%
Margin of Safety - Implicit -
Total 1.27E04 5.72E06 95.5%
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Figure 463: Simulated Daily Dieldrin Concentratiorfgg/l), Melvin Hazen Valley Branch, Baseline Conditions,
2005
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Figure 464: Simulated 3eDay Average Dieldrin Concentrations (ug/l), Melvin Hazen Valley Branch, Baseline
Conditions
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Figure 465: Simulated Daily Dieldrin Loads (Ibs/d), Melvin Hazen Valley Branch, Baseline Conditions and TMDL
Scenario
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4.8 Normanstone Creek

Normanstone Creek is a first order western tributary of Rock Creek and originates from a storm drain
near Garfield Avenue and 33rd Street, NW. The stream travels parallel to Normanstone Parkway three
guarters of a mile southeast to it®efluene with Rock Creek, about 1,000 fegtrtheast of the
Massachusetts Avenue bridgeigure 4.66 shows the lation of Normanstone Creek arits

watershed? Normanstone Creek is approximately 12 feet willeth sides of the strea are buffered

by 1001000 ket of forested parkland.The watershed includes mast of the grounds of the National
Cathedral, part of U.S. Naval Observatainyd partsof Cleveland and Woodley P4IRDOH, 2004a)

Table 459 gives the land use acreage in the Normanstone Cretkrshed The watershed
encompasses 217 acres. The watershed # BBpervious and 6 lies within the DC MS4. Most of the
acreage is residential and light commercial (retail) with forested parkland along the stream reach.
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Figure 4.66 NormanstoneCreek and its Watershed

2 Areas in white surrounded by the Normans@reek watershed discharge directly to Rock Creek through
separate storm sewers.
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Table 459: Normanstone Creek Land Use (acres)

Type Impervious | Pervious | Forest Total

DC MS4 70 88 8 166
DC NorMS4 6 12 34 51
Maryland - - - -
Total 76 100 41 217

Figure 4.6 8hows simulated daily average flow over the 2@01 2year period Simulatel flows range
from 0.01 cfs to 26.5fs. The average daily flowdst6cfs andthe median flow is 0.1&fs.
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Figure 4.67 Simulated Average Daily Flow (cfs), Normanstone Creek

Table 4.6 presents the average annual baseline dieldrin loaid TMDL allocations. Table 4.6
presents the daily average baseline loads and TMDL allocatindsTable 4 Bpresents maximum daily
baseline dieldrin loadand TMDL allocations. Figur&8shows simulated daily dieldrin concentrations
under baseline conditions in 2005. Since the concentration of dieldrin in storm flow is less than the
concentration in base flow, concentrations dease in storm events. Figure 4.68ntrasts the 3aday
average dieldrin concentration under baseline conditions and the current Class Brhiuealth

criterion. Figure 4.7@resents simulated daily dieldrin loads under baseline conditions and under the
TMDL.
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Table 4.®: Average Annual Dieldrin Baseline LoadsdarMDL Allocations (Ibs/yr), Normanstone

Creek
Allocation Category Source Percent
Baseline (Ibs/yr) | TMDL (Ibs/yr) Reduction
Wasteload Allocation DC Regulated Stormwater 7.76E04 3.49E05 95.5%
Total 7.76E04 3.49E05 95.5%
Load Allocation DirectDrainage 5.33E04 1.42E05 97.3%
Upstream Maryland - - -
Total 5.33E04 1.42E05 97.3%
Margin of Safety - Implicit -
Total 1.31E03 4.91E05 96.2%
Table 4.6L: Dieldrin Average Daily Loads (Ibs/d), Normanstone Creek
Allocation Category Source Percent
Baseline (Ibsd) TMDL (Ibsd) Reduction
Wasteload Allocation DC Regulated Stormwater 2.13E06 9.57E08 95.5%
Total 2.13E06 9.57E08 95.5%
Load Allocation Direct Drainage 1.46E06 3.90E08 97.3%
Upstream Maryland - - -
Total 1.46E06 3.90E08 97.3%
Margin of Safety - Implicit -
Total 3.59E06 1.35E07 96.2%
Table 4.@: Dieldrin Maximum Daily Loads (Ibs/d), Normanstone Creek
Allocation Category Source Percent
Baseline (Ibsd) TMDL (Ibsd) Reduction
Wasteload Allocation DC Regulate8tormwater 1.42E04 6.41E06 95.5%
Total 1.42E04 6.41E06 95.5%
Load Allocation Direct Drainage 2.98E05 1.33E06 95.6%
Upstream Maryland - - -
Total 2.98E05 1.33E06 95.6%
Margin of Safety - Implicit -
Total 1.72E04 7.73E06 95.5%
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Figure 4.68 Simulated Daily Dieldrin Concentratiorfgg/l), Normanstone Creek, Baseline Conditions, 2005
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Figure 4.69 Simulated 36Day Average Dieldrin Concentrations (ug/l), Normanstone Creek, Baseline Conditions
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Figure 4.70 Simulated DailyDieldrin Loads (Ibs/d), Normanstone Creek, Baseline Conditions and TMDL Scenario

Table 4.8 presents the average annual baseline heptachlor epoxide loads and TMDL allocations. Table
4.64 presents the daily average baseline loads @aMDL allocations, anflable 4.6 presents maximum

daily baseline heptachlor epoxide loaaisd TMDL allocations. Figure 4stiows simulated daily

heptachlor epoxide concentrations under baseline conditions in 2005. Like dieldrin, the concentration of
heptachlor epoxide in storrflow is less than the concentration in base flow, so concentrations decrease
in storm events. Figure &L¢ontrasts the 3@lay average heptachlor epoxide concentration under
baseline conditions and the current Class D harhealth criterion. Figure 4.f8esents simulated daily
heptachlor epoxide loads under baseline conditions and under the TMDL.
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Table 4.@: Average Annual Heptachlor Epoxide Baseline Loads and TMDL Allocations (Ibs/yr),

Normanstone Creek

Allocation Category Source Percent
Baseline (Ibs/yr) | TMDL (Ibs/yr) Reduction
Wasteload Allocation DC Regulated Stormwater 3.94E04 2.52E05 93.6%
Total 3.94E04 2.52E05 93.6%
Load Allocation Direct Drainage 3.93E04 1.03E05 97.4%
Upstream Maryland - - -
Total 3.93E04 1.03E05 97.4%
Margin of Safety - Implicit -
Total 7.87E04 3.55E05 95.5%
Table 4.8: Heptachlor Epoxide Average Daily Loads (Ibs/d), Normanstone Creek
Allocation Category Source Percent
Baseline (Ibsd) TMDL (lbsdl) Reduction
Wasteload Allocation DC Regulated Stormwater 1.08E06 6.91E08 93.6%
Total 1.08E06 6.91E08 93.6%
Load Allocation Direct Drainage 1.08E06 2.82E08 97.4%
Upstream Maryland - - -
Total 1.08E06 2.82E08 97.4%
Margin of Safety - Implicit -
Total 2.16E06 9.73E08 95.5%
Table 4.6: Heptachlor Epoxide Maximum Daily Loads (Ibs/d), Normanstone Creek
Allocation Category Source Percent
Baseline (Ibsd) TMDL (lbsd) Reduction
Wasteload Allocation DC Regulated Stormwater 7.24E05 4.63E06 93.6%
Total 7.24E05 4.63E06 93.6%
LoadAllocation Direct Drainage 1.53E05 9.57E07 93.8%
Upstream Maryland - - -
Total 1.53E05 9.57E07 93.8%
Margin of Safety - Implicit -
Total 8.77E05 5.58E06 93.6%
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Figure 4.71 Simulated Daily Heptachlor Epoxide Concentratiqpg/l), Normanstone Creek, Baseline Conditions,
2005
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Figure 4.2: Simulated 3@Day Average Heptachlor Epoxide Concentrations (ug/l), Normanstone Creek, Baseline
Conditions
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Figure 4.73 Simulated Daily Heptachlor Epoxide Loads (Ibs/d), Normanstone CrBakeline Conditions and
TMDL Scenario
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